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Chapter 1

The Place of Unlit
Gases and Dust
in the Universe

In a most general sense, this book is about the continuing cycle between dark and
light in the universe, all that this entails, how it is interrelated, and the prospects for
observing it. Perhaps connecting the ‘dots’ may influence you to look at things in
space in a broader sense; if it is all to make sense, collectively, it is impossible to
separate the topic from a larger cosmic perspective.

Before time began we assume there was nothing that we would describe as dark
or light. It is thought that the ‘Big Bang,” that term used to describe the beginning
of everything, occurred about 13.7 billion years ago. Most elements did not exist,
yet to be created by the nuclear processes of stars; of the state of matter at the time,
the majority was hydrogen, along with much lesser quantities of helium-4; little
else existed, probably consisting only of tiny amounts of lithium, beryllium and
deuterium, with any other possible trace elements still mired in controversy. There
was no observable light for hundreds of millions of years, and thus the early uni-
verse was dark. Stars were yet to come into being. Thus the light and dark in the
universe is only the result of cosmic evolution, central to this writing.

The moment of creation — the ‘Big Bang’ — was certainly nothing like many a
layman’s faulty notion of a huge explosion radiating and expanding outwards from
a single point into a spherical universe all around us. Although superficially the Big
Bang could be seen as such, creation was not the product of just one point expand-
ing like the stretching of a rubber sheet. It was actually caused by all points
together in the universe, (although perhaps seeming to be an apparent single point),
expanding equally in all directions, with everything rushing apart at the same rate
relative to the next. This is, of course, a totally different reality, if you can get your
mind around it.

Thus, all galaxies are rushing away from each other at equal speeds, but the
combined and compounded effect is that the more distant the galaxy, the faster it
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2 1 The Place of Unlit Gases and Dust in the Universe

Fig. 1.1 ‘Deepest ever’ view of the universe showing galaxies from near the beginning of
time — one billion years after the ‘Big Bang’ (Image courtesy NASA/Robert Williams & the
Hubble Deep Field Team)

appears to be receding relative to us (their distances measured by ‘redshift,” or the
shifting of absorption lines in the red part of the spectrum, which allows us to cal-
culate distances in space). Therefore we can observe no center to the universe at all
and have no idea what lies beyond what we are able to observe; we may only be
aware of a tiny corner of the totality, for all anyone knows.

It turns out that the edge of the universe, at least as we might imagine it — that
mythical place that might be thought to harbor secrets from the beginning of time —
apparently does not exist, or perhaps cannot exist even in theory. Such a model
would depend on a sphere or some such shaped universe of sorts, something about
which we can only speculate. Therefore, when we see a galaxy formed near the
time of the Big Bang, it is not likely to be nearer any hypothetical edge of the uni-
verse than anywhere else; indeed to an observer from that galaxy, we would appear
to be the same as it does to us — an early galactic formation from near the beginning
of time. But not close to any particular place! Thus, while we are beginning to snag
new prizes among the most primitively formed galactic structures (see Fig. 1.1) and
have been able to look upon some of the earliest structures from the beginning of
the cosmos itself, we are not seeing anything necessarily closer to any ‘edge’ of the
universe than anywhere else.



1 The Place of Unlit Gases and Dust in the Universe 3

Fig. 1.2 Gravitational lensing in galaxy cluster Abell 1689, and implied dark matter in the
region (Image courtesy NASA, ESA, STScl (2010))

Galaxies as structures are not subject to the forces of the expanding universe,
other than increasingly moving apart; they are bound together as separate entities
by the forces of their own gravity, or more accurately stated, the warping of the
space-time fabric. This is the same force that holds the Solar System together in
orbit around the region’s greatest concentration of matter, the Sun, which insures
that no lesser mass can warp the fabric sufficiently to escape the dish-like confines
that its huge mass has imposed on its tiny corner of space-time. And plenty of mat-
ter, other than what we can see, appears to exist in these huge galactic concentra-
tions — enormous quantities of invisible ‘dark matter,” a less tangible component,
yet to be properly defined, that gives each galaxy its otherwise unexplainable mass.
In fact, dark matter comprises the majority of a galaxy’s mass. But we can’t see this
matter, only experience its effect.

A dramatic demonstration of this warping of space-time (Fig. 1.2) was shown in
the Hubble Space Telescope image reproduced here, including multiple distorted
apparitions of the same object. Appearing not unlike the effects of a poorly shaped
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lens, akin perhaps to viewing a scene through the bottom of a bottle, the image is
bent all around the field into a circular deformation; in this Hubble image, there
appear to be several restatements of several distant galaxies. Because of the effects
of such lensing, scientists were able to synthetically superimpose the bright patches
seen here — their projections of dark matter itself, which is, of course, invisible.
Although such dark matter is the ultimate of all dark things in the universe, it is
nevertheless far beyond the scope of this book, and remains still an enigma in the
upper echelons of scientific research. It is not visible by any means.

However there is other, more tangible dark matter — unlit matter — comprising a
large portion of the galactic structures that we can see, if indeed in a somewhat
indirect manner. Throughout many of the billions of galaxies in the universe, there
exists much gas and dust in all shapes and forms, and which contribute greatly to
their overall visible mass. What lies between most of the stars is the stuff of star
creation — interstellar matter — the lifeblood of ongoing galactic evolution, and
where we will place most of our attention in this book. Few observers of the sky
remain unaware of the many apparent dark ‘gaps’ punctuating the stellar fabric,
especially as we navigate our telescopes across the Milky Way inward toward the
galactic center, across thousands of light years to the brightest regions of Sagittarius
that surround the galactic core.

Perhaps the subject matter of an astronomy book — about what cannot be
seen — seems unlikely, but in truth, most of the matter in the universe cannot
be seen. But what about all that we can see? Considering our position deep within
one of the spiral arms of a great and mighty galaxy, it might have occurred to us
that the spectacle all around us appears surprisingly faint, especially since the gal-
axy consists of hundreds of billions of stars. One would imagine that it would be
hard to stay out of brilliant light when, in fact, the opposite is true. All this merely
illustrates the galaxy’s true scale, as well as revealing that most of the galaxy’s
volume does not consist of stars, or even illuminated matter. The stars themselves
occupy only a tiny fraction of the vast total expanses comprising each galaxy, and
the distances between them are so great that even those closest to each other would
appear as no more than points of light to a solar system inhabitant of any of one of
them, something we experience from our own location in space, of course.

In reality, the term ‘emptiness of space’ does not ring quite true, since inter-
stellar space is far less akin to a vacuum than the uninitiated might suspect. Even
between galaxies some traces of matter still exist, albeit exceedingly rarified,
though closer to an absolute vacuum than anything we can achieve on Earth. It is,
however, essentially nothing, if not quite a scientific absolute. (Thus, what separates
us from other galactic destinations is, more than anything, time itself, since it is
inconceivable that ‘nothing’ could have dimensions as we normally know them;
this is an easy realization of the concept of the space-time continuum.)

As we grow up, astronomically speaking, the realization of the huge distances
separating each star, and the unimaginable size of the universe itself, is probably
accompanied by an increasing and sobering reality of just how ‘insignificant’ our
Milky Way home actually is, a mere one of hundreds of billions of galaxies.
However, from our own vantage point, it seems as if we are looking out into eternity
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at endless stars, when, in fact, what we are seeing is mostly confined to the ‘pitifully
insignificant’ 110,000 light years of our own neighborhood backyard.

The original idea to write this book did not come about from any grand vision
to embrace the link between many types and varieties of dark object or dark feature
in deep space. Rather it emerged from an originally smaller vision just to feature,
describe and analyze those intriguing dark lanes apparent in so many star clusters,
especially and most notably of the globular variety. Interestingly, these features
may have separate origins and makeup to everything else we will look at! However,
the original concept was to prove far too limiting, as similar-appearing attributes
and features also exist within many other objects in space!

It is easy to overlook the fact that it often is the dark features within many types
of deep space objects that define them, or at the very least make them distinctive.
And certainly, as a subject overall, there seems to be extremely limited reference
material available, specifically for the observer about this aspect of the universe — at
least to be found in some manner collected all into one place as a topic unto itself.
It certainly seems that it has been accorded less attention than it deserves. Most
descriptions are sketchy at best, and usually go no further than superficial mention
of these dark features’ existence. Worse, often there is no mention made at all,
let alone much meaningful discussion about some features we can clearly see in the
eyepiece. And therein began the focus of this entire book; surely, obscuring matter
anywhere in all of the cosmos begs at least part of our attention, its potential, per-
haps even now, still underestimated. The fact is that other dark features in many
different types of deep space objects are interconnected, with the lone exception, it
would seem, of the mysterious dark lanes seen in many globular clusters.

Within our own galaxy, the Milky Way, we can readily detect vast regions of
dark and tangled matter between all that glows — the matter that is not illuminated
by the energy from nearby stars — which only becomes ‘visible’ when projected
against brighter backgrounds. Aside from the larger and immediately obvious dark
nebulae of the galaxy, we have probably observed smaller dark patches within the
star fields as well. Additionally, we are all surely familiar with the intersecting dark
lanes in smaller illuminated structures, such as those within the famous Lagoon
Nebula, M8, and M20, the ‘Trifid Nebula.” We may also be at least superficially
aware that when observing these types of spectacle the very essence of how we see
them is defined by apparent turns, folds, swirls and other features as a result of
intertwined dark, or partly dark, dust and gas. And perhaps not every observer is
aware that most illuminated nebulae are merely small illuminated parts of a far
greater, effectively singular dark whole (although divided into linked components)
extending over a wide swath across the galaxy; most of this larger (dark) nebula
remains invisible — while blocking a great deal of the light from anything that lies
behind it. We cannot observe it directly, but it is fitting recognition and reminder
that much within our own system remains hidden, even from such close range.

As the light grasp of our telescopes increases, so does the degree of illumination
of whatever we are viewing, depending on, of course, how far we stretch and dilute
the brilliance of the image with ever-higher magnifications. By inference, so too is
contrast affected as apertures increase, and hence, the larger the telescope, the
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various shades of darkness that may weave through illuminated subjects become an
increasingly important part of the view. What we cannot ‘see’ directly, or see only
faintly, is actually just as important as what we can see brightly illuminated, even
though we may not ever have contemplated the sight in such terms. Maybe we have
not contemplated it at all. This is not to say that such spaces, lanes and features are
present, or even significant in everything, but when they are, three-dimensional
effects (when we are really only seeing a two-dimensional image) and other visual
characteristics are likely to become intrinsic to the view.

We are already well aware that within our galaxy there are copious amounts of
obscuring matter in the light path. Apparent gaps seldom represent a true void in
the stellar fabric. We also probably know that outside the great band of the Milky
Way, dark voids may actually be just that — voids, as there is indeed much ‘space’
in outer space — although we are not primarily concerned with them in this writing.
However, long exposures of these regions usually show far distant superimpositions
of ever-increasing layers of remote galaxies bridging the seemingly limitless
expanse and all at different stages of evolution going back through time — that
which has elapsed since the Big Bang of 13.7 billion years ago.

Nevertheless, the fabric of the cosmos is not consistently spread out, and these
galaxies exist in clumps — superclusters — rather than being evenly distributed, a
still-existing reminder of the fluctuations and variations in the vibrations of what
the iconic Fred Hoyle sardonically termed long ago as the ‘Big Bang’ itself. (Hoyle
steadfastedly stuck to his steady state theory, rejecting any suggestion of a moment
of creation, for him too close to a religious concept, to be sure.) However, we need
to look at the full cosmic picture in order to be fully aware of the implications of
all we are studying, as well as recognizing perhaps the additional potential we have
as observers.

If all that is unlit in the universe is to be our focus for a while, let’s briefly examine
what constitutes non-illuminated cosmic matter, although we will return to each
category in greater depth during subsequent chapters. We now know that all dark
nebulae, lanes and belts surrounding many spiral galaxies (other than those recently
observed from near the beginning of time) that we can see (or rather do not see),
consists of gas and dust — the ‘interstellar medium’ —and is of that same fundamental
material. While not everything we see may yet belong to a galaxy’s vast reserves,
with only one possible exception, it is all made of the same fundamental stuff.
Galactic dark belts represent, of course, a greater whole, and pervade deep into
the entire discs of these galaxies. We only see them as belts because we are looking
into those galactic planes from the side; the individual diffuse nebulae we see in our
own galaxy are merely parts of a similar whole. The degree that gas and dust is
concentrated horizontally into those galactic ‘equatorial’ belts depends on the mass
of the galaxy itself; the gas and dust of those of lower mass and slower rotation
tends to be spread more evenly throughout the broad entire disc instead of being
most concentrated into the equatorial regions. Thus, some edge-on spiral galaxies
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show no dust belts at all, while others display ever-greater degrees of the
phenomena, since its presence, and the form in which we perceive it, are dependent
upon galactic type, mass and rotation; the variety is considerable. Additionally,
those galaxies showing the most striking dust belts usually have the fastest rates of
stellar formation and evolution, and thus are fundamentally less stable than those
showing a lesser presence of dust lanes.

While dark gases and dust exist in other galaxies just as they do in our own, we
will need to approach observing them differently, because these galaxies all lie far
away from our own system. It is a simple fact that we will not be able to see unlit
material within other galaxies resembling in any way the variety of seemingly indi-
vidual spectacles that comprise the Milky Way’s dust belt. However, it is likely we
will discover that dark belts or other dark details we can see in other distant systems
are actually no less satisfying to view — albeit revealed as larger entities rather than
the smaller sub-structures of our own galaxy. Instead, the many individual dark
features of other galaxies are homogenized into a magnificent union of dark forma-
tions, which often are seen as entire encircling belts. In many ways, the view may
be even more pleasing because it is an opportunity to study the greater form and
nuances of entire galaxies from a perspective akin to how our own would appear to
hypothetical observers elsewhere in the universe.

Of the makeup of interstellar matter, the heavier elements of the dust itself are
largely made up of microscopic-sized carbon compounds, calcium and certain sili-
cates and a myriad of additional trace elements, all formed as a by-product of the
nuclear fusion processes that occur over the galaxy’s individual stars’ life cycles.
Typically, the galactic gas component of the interstellar matter is rich in various
forms of hydrogen, including the potentially luminous molecular HII, some helium
and other gases, including carbon compounds such as carbon monoxide.

Illuminated diffuse nebulae are part of the same interstellar medium — but where
star formation is taking place — and thus typically consist both of gas and dust. Of
those visible to us, it is probably accurate to state that 99.9% of them reside within
our own galaxy. This is not to say that they do not exist elsewhere — it is just that
most of them are far too distant for our humble telescopes to show as more than
blobs and brighter mottling, just somewhat brighter than their surroundings, no
matter how big the aperture at our disposal! Thus, the Milky Way is home to all of
the complexes of swirling gases that we can observe in any detail. But there are
other types of illuminated nebulae in our neighborhood, too. Despite being made of
the same components, planetary nebulae reflect the recycling processes at a differ-
ent stage, but occasionally they also show dark lanes or details; however, as the
by-products of individual stars they are quite small, so those that we can observe
belong exclusively to our own local neighborhood.

In the Milky Way, our own Sun, being neither an especially young nor yet old
Population I star (more later), but decidedly middle-aged, is located within the
galactic thin disc. Because we are positioned within the arms, our own perspective
is thus edge-on relative to the galactic center, which we can easily see as we look
towards the Sagittarius region of the Milky Way. (However, there is no truth that
the skewed orientation of our view of the galaxy relative to the Solar System gave
rise to any recent hypothesis by astronomers at the University of Massachusetts that
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Fig. 1.3 The Great Rift. This wide-angle view shows much of the dust belt encircling the Milky
Way Galaxy (as imaged from Death Valley, CA). The galactic core lies to the right, in the most
brightly illuminated Sagittarius region, seen here as if ‘standing back” — more in the manner we
perceive the dust belts of other galaxies to be (Image courtesy NASA/National Park Service)

our Sun actually may be a captive star from the recently discovered Sagittarius
Dwarf Irregular Galaxy). This system is presently being absorbed into the Milky
Way, and since its path through the Milky Way directly intersects our Solar
System’s position and orientation, it was rumored to be a plausible explanation for
the angle we see the galaxy — diagonally instead of in the same plane. (Any theory
of an external origin of the Sun, if proven, rather than being formed from the raw
materials of the Milky Way itself, would cause some considerable rethinking of
past assumptions!)

Various panoramic images of the Milky Way reveal the nature of our own galaxy
and show a direct resemblance to that of many galaxies positioned edge-on to us (one
of the most similar to our own galaxy perhaps being NGC891 in Andromeda). Only
very short exposures are necessary from our privileged ringside position in the local
galactic plane to see the fantastic complexity of tangled, twisted and filamentary
conglomerations encircling it in such a remarkably spun web — almost resembling
steam and smoke rising out of a newly extinguished inferno on a mountain slope.

A larger view of the Milky Way reveals a continuous great winding and patchy
dark band, showing dusty tentacles that seemingly reach out in all directions, as
well as brilliantly illuminated nebulous portions interspersed throughout it. These
are indeed all parts of an encircling system of gas and dust that extends through
the ‘thin disc’ (see later: The Realms of Stars) almost to the core and has become
known as the Great Rift, because it appears to divide the galaxy into two parts
(Fig. 1.3). Such formations must be the norm in millions, indeed billions, of galax-
ies throughout the universe. Even though we will never see other galaxies in the
same kind of detail with which we can view our own, it is hard nevertheless to tire
of these grand features that we can often discern in them. The sheer variety of stun-
ningly dark dust belts is amazing, rendered all the more so by the perspective
imposed on the objects by their great distances.

All of those galaxies available to most amateur observers will likely be within
100 light years of planet Earth. (Don’t worry; there are plenty to see.) The fact that
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much of the Milky Way’s surrounding belt, and seemingly most of those belts of
other galaxies, remain dark means, of course, that no irradiation is taking place, or
that the light being generated or reflected is being absorbed by them. Existing in all
shapes and sizes, larger regions of dusty galactic matter in the Milky Way can block
out entire star fields, star clusters or bright nebulae. Astronomers must depend on
techniques other than the visually conventional to detect them. While, over the
larger cosmic timetable these regions will evolve continually as a result of star
formation, by blocking the light from behind them in the meantime, the great dark
belts appear like dissecting bands, or the dark mottling effects we observe so often
within the spiral arms of face-on galaxies.

Historically, the large quantities of obscuring dust between our line of sight and
the core of the galaxy made studying the heart of the Milky Way difficult. Although
we might be aware of vast regions within the band of the Milky Way where stars
seem particularly plentiful, such as the Sagittarius Star Cloud, M24, we could eas-
ily conclude that we are peering right into the heart of the galaxy. Though this may
be almost true, the reality is that there are no regions where we may actually do so,
and where so-called ‘windows’ closest to the galactic core exist, we can expect
them to be quite small where our line of sight in not blocked by dusty matter.
Modern infrared imaging has also helped greatly in this respect, and the very core
of the Milky Way has now been studied effectively. In addition to such techniques,
there are a limited number of tiny gaps in the galactic dust that enabled astronomers
in the past, as well as present, to glimpse areas very close to the core. The best
known is ‘Baade’s Window’, a 1° square within 4° of the galaxy core (2,000 coor-
dinates: 18032s3002; approximately 15’ wide); and through which there is hardly
anything to interfere with our direct line of sight inwards. Through this ‘window,
the celebrated twentieth-century German astronomer Walter Baade was able to
study the structure of the galaxy via RR Lyrae class variable stars in the region (old,
low mass, metal poor Population II stars, typically found among the stars of globu-
lar clusters, and helpful in measuring cosmic distances).

More recently, such windows have allowed astronomers to take advantage of
gravitational lensing of light (the bending of light as predicted by Einstein in the
General Theory of Relativity) passing through the region to study the structure of
the galaxy, as well as its very core. Because of such research, contemporary astrono-
mers have been able to make a strong case for the Milky Way being, in fact, a barred
galaxy. Apparently, the bar points directly at us, making easy identification of this
formation even more difficult. Two globular clusters that have helped in galactic
studies, including Baade’s, lie in the heart of this region and are worth noting: NGC
6522 and NGC 6528. In themselves relatively unexceptional, the clusters just hap-
pens to lie deep within a sea of the background of stars, and within this region we
can easily begin to sense the decreasing degree of stellar separation at the galaxy’s
center, with countless stars evenly distributed across the entire field of view. NGC
6528 is situated right on the border of Baade’s window itself. Increasing apertures
or exposures soon make clear, however, that we will encounter great difficulties, in
fact, and for us, impossibilities, in seeing right through it to external space beyond.
But at least we know we are peering close to the very heart of the galaxy.
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Historically, the understanding of non-illuminated matter in the galaxy has had a
short timeline, and we should never underestimate the significance and contribu-
tions of the venerable pioneers of this research, which was often carried out under
the most difficult, strained, and dangerous circumstances. The first published find-
ings in the nineteenth-century on dark features in deep space objects were surpris-
ingly late in coming. But a new day had already dawned with ever-larger telescopes
beginning to appear on the horizon. Most of the great instruments of the time were
of Newtonian design; optical technology of the day necessitated large focal ratios.
This resulted in long, bulky and unwieldy tubes, with precariously high, rickety
viewing platforms and cumbersome mountings. William Herschel’s great
telescopes were typical of this kind of design with their inherently perilous opera-
tion, and one of his telescopes in particular paved the way for all that was to fol-
low. This was his grand 48-in. (122 cm) of 1789 (Fig. 1.4), better known as his
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Fig. 1.4 Herschel’s 40-ft telescope
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Fig. 1.5 The 72-in. ‘Leviathan’ of William Parsons, 3rd Earl of Rosse, 1845

40-ft (10-m) telescope, due to its length, and which was for half a century the
world’s largest.

No such nicety as enclosed domes existed then, and these pioneers typically
were exposed to every whim of the frequently poor climatic conditions of the many
European locations in which they were situated. However, it is significant that even
with such a grand instrument at his disposal, the astute Herschel still was unable to
begin to find a crack in the code of galactic evolution that we have come to know
today, and neither did science in general. And despite the considerable size and
power of his telescopes, the visually astute Herschel certainly made little if any
direct reference to any dark features he may have observed, so we must assume that
these features remained largely undetected, or considered insignificant. It would
have to wait for others, and thus we find the first actual reference to such features
only emerging as recently as the mid-nineteenth century.

Herschel’s masterpiece was followed by Lord Rosse’s mighty 72-in. ‘Leviathan
of Parsonstown,” which was to remain by far the largest telescope in the world until
well into the twentieth century (Fig. 1.5). Because of some significant discoveries
of dark features in deep space objects made by Rosse with this telescope, we should
single him out as the true ancestor of all that we are concerned with in this book.
One of the most famous revelations made with the ‘Leviathan’ were the dark
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‘Propeller Lanes’ in the globular cluster M13 in Hercules, which Rosse described
and sketched in detail (see Chap. 5). Along with this, he sighted and drew dark
features in numerous other structures, most notably the dark patches within the Owl
Nebula, M97, and the great dividing belt in galaxy M81, both in Ursa Major.

With his great telescope, Rosse and his team, Robinson and South, used their
combined skilled eyes and tireless dedication to make many other contributions.
Importantly, they were also responsible for the first revelation of spiral form within
galaxies (specifically, that of the Whirlpool Galaxy, MS51, followed by many others,
including and notably M33, M58, M63 and M101); of course, spiral form happens to
be a key indicator of the cycle that transforms non-illuminated matter into stars.

Rosse’s other discoveries included identifying no less than 231 galaxies, duti-
fully recorded in many fine sketches, all made under conditions that would deter
those of fainter heart. And all of this was done under physically stressful situations,
utilizing optics of a quality far inferior to those of today, with clumsy telescope
tracking, controls and primitive eyepiece designs to boot, as well as by other nega-
tive factors beyond their control. In Rosse’s case, by the way, these included the
particularly unfavorable location of his observatory at Birr Castle in Ireland, the
relative poor reflectivity of the speculum metal primary mirror, the need for fre-
quent re-polishing and figuring (let alone the casting of such large sizes of the mir-
rors he used), not to mention the severe limitations of movement of the 72-in.
telescope’s mounting, which would seem unworkable to any amateur today,
let alone a professional. However, the record shows that certainly the telescope was
far from the albatross some have painted it to be.

One has to ask just how many enthusiasts would even attempt to fabricate such
a monster telescope, institute a serious research program, and bankroll it all by
themselves? It took until 1917, with the advent of huge glass-mirrored telescopes
and the legendary 100-in. Hooker Telescope on Mount Wilson, CA, that Rosse’s
grand ‘Leviathan’ ambition was finally superseded, and now with many of the
unfavorable factors, thankfully, eliminated. With this particular telescope, and
Edwin Hubble the user, what happened next was to change the state of knowledge
forever. The good news is that the historic telescope, long left to deteriorate and
wither on the vine, is restored and back in use today, but with a new glass mirror
and significant mechanical refinements to its tracking system. All of this has been
done without compromise to the integrity and appearance of the original.
Fortunately, Rosse’s grand vision and legacy are once again on display for all to
appreciate and benefit from its use anew.

Astronomers in the United States are fortunate to have a direct link to the
advancing mirror-making technologies that made the 100-in. telescope possible, in
addition to a reminder of the challenges faced by the astronomers of this period, in
one of few other active telescopic survivors of this period, the 36-in. Crossley
Reflector. Built in England by A. A. Common in 1879, and one of the first large
reflectors to utilize glass mirror-making technology, it was donated to the Lick
Observatory in 1896. This particular telescope was the first to demonstrate the
value of time exposures, and so figured significantly in developing what soon
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would be utilized for the recognition of dark nebulae and galactic structure, among
other things.

The Crossley’s overall configuration makes it a classic in line with standard
nineteenth-century practices; featuring a standard Newtonian focal position at the
top of its long tube, to this day there is more than a degree of the risks of old
involved with its use. However, it remains a perennial favorite. Housed in one of
the first domes (dating from that time), it maintains a busy schedule by any stan-
dards, although a limited one these days for ongoing research. Nevertheless, despite
being radically transformed over the years into the telescope more familiar today,
its identity remains typical of the time of its origin, and it is an instrument that
requires considerable adroitness from the observer, as well as being a continual
reminder of how far we have come.

Nineteenth-century astronomers surely would be shocked and stunned to know
that the universe we know today is infinitely more frightening in proportion and
complexity than anything they suspected; they would have been aghast to realize
the true nature and scale of all they were observing. Those ‘spiral nebulae’ only
described what they thought they saw, as to them the universe consisted of ‘merely’
the heavens encompassing the vault of the Milky Way. Already, the universe as they
knew it seemed overwhelmingly daunting. While nineteenth-century man’s percep-
tion of the cosmos would be found ultimately to be severely limited, the scale they
did envisage is nevertheless overwhelming by any normal standards. However,
normal standards do not apply in the cosmos. The shocking truth, soon to be
known, was that it represented only a universe of relatively tiny proportions — a
several hundred billionth of its actual totality.

The positions of stars in each galactic ‘island universe’ are subservient to the gov-
ernance of their host, according to its predetermined structural order, consisting of
up to hundreds of billions of stars, and vast, visible and invisible gas and dust
regions that serve as reservoirs of material for star-making. The galaxy’s resources
of gas and dust exist primarily in what is termed its ‘thin disc’ — that is, viewed from
an edge-on perspective, the wide, but thin (spiral) extensions of young predomi-
nantly blue stars on each side of the central bulge. Widely distributed among this
stellar population, regions of the formerly dark HII component (molecular hydro-
gen) of the gas in the ‘thin disc’ becomes fluorescent by the fusion processes of hot
young stars, and as we view face-on galaxies this glowing gas may be visible as
mottled patches within the dark dusty regions in the arms around those galaxies’
discs: these are the cradles of stellar creation. The young stars that make up these
spiral arms are extremely rich in heavy elements (metal rich), which is hardly sur-
prising since this is the region packed with star-making gas and are termed
Population I stars. When the fusion processes of neighboring stars heats the accom-
panying interstellar dust, usually intermingled in quantities throughout the gas
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clouds, often it may also emit additional radiation in infrared wavelengths, in addi-
tion to any fluorescence that may be occurring.

Population I stars are predominantly comprised of hydrogen and helium; all
other elements exist in trace amounts and cannot be considered major components.
The region of the galactic ‘thin disc’ is predominantly made up of young stars
(Population I type). Beyond it, as the concentration of stars dissipates away from
the core, above and below, the stellar population gradually blends into a somewhat
broader thick disc of older redder stars (Population II stars), as well as constituting
the galactic bulge at the center. Because this region formed and matured in earlier
times it is all the less likely to be the home of spectacular nebulae. Most of the gas
will already have been used up in nucleosynthesis (the fusion processes of stars).
These Population II stars would have been formed before their own nuclear pro-
cesses created the heavier elements common in Population I stars and their orbiting
solar systems. Thus these stars, the oldest stellar survivors, are relatively deficient
in heavy elements (‘metal poor’) and appear to have entirely different, even gentler
lifecycles. They are also increasingly metal deficient the further they are located
from the galactic center. We should be aware that a majority of familiar elements
(excluding hydrogen and helium) are considered metals in astronomy; in
earthbound chemical terms most of them would never be considered such. In
astronomy, elements such as carbon, oxygen, and nitrogen are also designated as
‘metals,” so we should take care not to confuse stellar metals with familiar earth-
bound varieties.

We have to admit, however, that we know surprisingly little about the histories,
or origins of Population II stars, although there is much that may be deduced. But
it does not stop there. In order for Population II stars to have come into being, it is
theorized that a yet more esoteric, but unobserved, category of stars existed before
them: Population III stars, which it is believed formed soon after the Big Bang, and
disappeared from the scene relatively quickly, because Population II stars are
among the oldest things in the universe. Population III stars would have had virtu-
ally no metal content because most, if not all, heavier elements could not have been
created yet, but they do seem, at least in theory, to be necessary for the evolution of
the cosmos. Certainly none are around for us to see, so their existence at one time
can only be speculated.

As such, certain recent observations of early ‘faint blue’ galaxies from near the
edge of the observable universe seem to indicate their existence at one time. Only
time will tell, but it is safe to say that, for our purposes in practical astronomy, we
can ignore them, although it does not hurt to understand their probable role. And
their existence seems to be the only rational explanation for the creation of the
increasingly metal-rich interstellar matter — the very ingredients that made
Population II stars possible (and those of Population II type similarly created the
matter necessary for Population I stars). While observable examples of Population
II stars feature a very low metal content, it would appear that they are nevertheless
substantially richer than would have been those of Population III. You may recall
that very few elements, let alone heavy ones, existed at the time of the Big Bang.
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Fig. 1.6 Distribution of star populations in the Milky Way

It took nuclear processes, presumably those of stars, to create them. Thus, in theory
each generation of star shows increasing degrees of metallicity, as the interstellar
matter they were created from becomes increasingly metal rich. While Population
I stars would seem to be the final destination of all possible stellar forms, and the
Periodic Table of the Elements seems to deny the possibility for the creation of
further elements, is it nevertheless impossible to say for sure that a successive star
population, theoretically ‘off the radar’ in a way we cannot foresee, could evolve?
There is as of yet, however, nothing in the universe to suggest such a possibility, so
it must be considered pure conjecture.

In Fig. 1.6 we can see how the stellar populations follow the galactic form
closely: the oldest, most metal poor stars being furthest from the plane of the galac-
tic core at the extremes of the galactic halo, and the most metal rich (the youngest)
occupying the innermost plane of the thin disc. As has been observed, the stars of
new clusters gradually drift apart, which represents the beginning of the migration
process away from the core relative to stellar metallicity.

Meanwahile, it is quite common for a certain amount of both gas and dust to exist
in the regions around even old Population II stars, and in the thick disc as well as
the central bulge, even though this old matter appears incapable of fostering stellar
birth. It is reasonable to assume that its composition differs from the bulk of inter-
stellar matter (and may be what is frequently observed in globular clusters — objects
consisting of virtually all Population II stars). Within the galaxy there are multiple
varieties of sub-categories of stars as well, as might be expected. However, we
should spend a little effort to understand all that makes things visible in the universe
(stars) in order to gain a better grasp of the subject at hand — what is not visible!
We should look closely at the end of stars’ life cycles and how they recycle their
elements to live once again — and how this relates to all things dark.
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Of the two major stellar categories, Population I and II stars, the scenarios described
below apply generally to those of the Population I category; remarkably little
definitive is still known of the life cycles of Population II stars beyond scientific
deduction and subjective speculation. However, we may sum up with certainty,
albeit somewhat generally and simply, what takes place at the end of the life cycles
of Population I stars, which happen to be pivotal in the ongoing evolution of the
galaxy. Those interested in looking further may wish to consult one of many avail-
able Hertzsprung-Russell color diagrams, which show well the relationships
between temperatures and luminosities of stars during their life cycles.

A star begins its life predominantly composed of hydrogen, some helium and
traces of essentially all of the other elements. Every astronomer knows it does not
‘burn’ its fuel, but rather through the fusion process of hydrogen creates heat and
light, as well as an increasingly large core of helium (often termed ‘ash’), formed
at the expense of its hydrogen. Ongoing fusion in the mature star core creates ever
more intense conditions, and heavier elements are proportionally produced from
that activity in the form of byproducts. Meanwhile, some stellar mass is lost
through its conversion to radiant energy, in a manner directly proportional to its
mass. The star’s mass dictates its speed of fusion and radiation output — the more
massive the star, the faster fusion will take place and the hotter it will be.

Stars are held for most of their lives in a kind of thermal equilibrium, whereby
the internal nuclear furnace maintains sufficient outward pressure to stop further
collapse and implosion. During this phase, stars are termed as being in the ‘main
sequence.” But eventually all of this has to come to an end, and stars of different
masses will meet different fates. Various stellar masses dictate different outcomes
for stars; the key to the subject at hand, however, lies in the vast numbers of single
average stars of less than about 9 solar masses, and that comprise more than 90%
of the stellar population of most spiral galaxies. (Most of the stars that make up the
galaxy average not more than 5 times the Sun’s mass.) We can outline the ways they
meet their demise as follows.

Slow Decline

The key, as far as the future of the galaxy is concerned, is the life cycle of Population
I stars, of at least half, but not more than 9 times the mass of the Sun, and are part
of the main sequence. The limited mass of these stars ensures that they will experi-
ence a relatively gentle demise that enriches the galaxy with future star-making
material. During this process, they will redistribute their elements in highly reus-
able forms, especially gas and dust that is likely to eventually contract to become
new Population I stars and solar systems. Our own Sun, an average one at that
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(despite being somewhat inappropriately termed a “yellow dwarf” — a name used
only to distinguish the majority of stars from those that have already become
giants), is surprisingly late in life, and twice as much helium now makes up its mass
as does hydrogen. But fear not; it probably has a few billion years to go...

The sequence of events in later age for stars, such as the Sun, will likely cause
them to become bloated with age and to evolve as red giant stars possibly of hun-
dreds of solar diameters. The majority will become typical red giant branch stars,
still fusing hydrogen into helium (though no longer at the center of the cores), while
the cores continue to accumulate helium ash. When core helium is nearing comple-
tion of its fusion processes, the star cools and enters a later sequence, the ‘horizon-
tal branch phase,” and contracts from giant status for a relatively short time. Soon
hydrogen in the shell surrounding the core begins fusion (the ‘triple-alpha process’)
and the star once again expands into supergiant status, termed an ‘asymptotic giant
branch star,” or might we say, the ‘last hurrah.” Other stars (termed ‘carbon stars’)
fuse carbon from helium instead by the same complex process and fall into this
asymptotic category as well; needless to say, the list of variants goes on and on.
However, they are all types and forms of red giant regardless, although their true
coloration is closer to different shades of orange.

While such giant stars will probably envelop and ultimately consume anything
comprising an orbiting solar system, they will have relatively cool surface tempera-
tures (+5,000°C), because of the tenuous makeup of their huge orange glowing
shells. However, their total luminosity (due to their great size) will increase dra-
matically, potentially by as much as thousands of times, as their dimensions con-
tinue to grow. Gravitational hold on the stellar body continues to weaken as the star
becomes increasingly tenuous. At the same time dusty matter (the leftover portion
is presumed to become the stuff of planet formation at another time) from the stars’
late fusion processes is shed outwards in the expansion, as the rapidly declining
stars begin the process of joining the ranks of other planetary nebulae.

Planetary nebulae are a large part of the future of the universe, but especially,
they are the ‘opening salvo’ to all that is the focus of this book. Small in compari-
son to the grander diffuse nebulae, these nebulae nevertheless may be as much as
an entire light year across. Within a relatively short space of time in cosmic terms,
this wide surrounding dusty stellar matter can grow large enough to be observed in
backyard telescopes in finite shapes and forms, the original stellar discs never being
possible to resolve (or any surrounding solar systems!) during the main life of the
star itself. Typically, a tiny but extremely hot and intense central white dwarf star
(all that remains of the star itself) may be also visible in the eyepiece; the light is
the radiant energy being emitted by these stars’ cores that excites the HII within the
nebulous shell into the luminescence we see. At these temperatures, the now pre-
dominant helium ash increasingly undergoes further nuclearsynthesis into carbon
and oxygen. But it is only a matter of time before all nuclear reactions cease com-
pletely, and from there, the remaining stellar cores cool off slowly, to become white
dwarf stars (true dwarf status this time!), consisting essentially of carbon and oxy-
gen (with some variations, such as neon and magnesium, when higher temperatures
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are present). The more massive the star, the smaller will be the remaining dwarf
star — unsurprisingly, perhaps, owing to greater internal gravity and compression;
they are often less luminous, too, because of much decreased surface areas.
Ultimately, the dusty and gaseous matter left over and spewed out from these dying
stars becomes diffused into the more familiar forms of dark nebulous clouds we see
intermingled throughout so many galactic arms.

White dwarf stars are thus extremely compressed structures of tiny proportions,
incredibly hot, and radiate heat and light left over from all of the fusion of the past,
but not nearly so much as neutron stars (see supernovae). Some white dwarfs can
collapse into neutron stars with specific chemical compositions, although most are
not appropriately dominant in these elements. However, their elemental makeup
prohibits the generation of any further new energy other than that created by the
forces of compression.

As their temperatures slowly drop, it is now only a matter of time before the
dwarf stars fade into blackness, and finally from view (admittedly, a lot of time,
since none are yet known). Even faster cooling of these incredibly hot and com-
pressed stars is prevented by a significant ‘atmosphere’ of what remains, in addition
to further reduced cooling efficiency via the limited area of their small size.
Surfaces of these stars are dominated by differing blends and proportions of varying
elements, which give rise to different spectral properties. These elements can be
hydrogen or helium, sometimes (but rarely) carbon, and even unused matter from
the dark clouds of their creation; in effect this insulating blanket also allows the
white dwarf a far longer lifespan than would normally be considered possible. In a
final wrinkle in the life cycles of Population I stars, additionally, it seems that col-
lisions of some white dwarf stars are theoretically possible within elliptical galaxies
and which would result in another amongst the various categories of supernova, that
of sudden death.

Sudden Death

Stars more massive (generally, single stars — blue supergiants — of masses of at least
9 of our suns, and frequently as much as 50) are much more active than smaller
stars, and suffer a far more violent demise. Ultimately unstable, they recycle their
elements in the most spectacular fashion possible, termed a Type II Supernova, as
they are pre-destined eventually to explode in cataclysmic fashion, showering vast
regions of space with new and highly radioactive elements created in the process,
as well as the other remnants of their makeup. These are the ultimate heavy metals,
astronomically speaking (The Veil Nebula, designated NGC 6960, 6974, 6979,
6992, 6995 in Cygnus, and Crab Nebula M1 in Taurus are classic examples, close
enough to home that we can witness the aftereffects of such explosions quite dra-
matically and within a short time span, cosmologically speaking).

The processes of such stellar core collapse and the subsequent explosion of such
stars are complex, but near the end of the life of such a star, most of its heavy
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elements have been used up in the ongoing nuclear fusion processes. Soon, this
‘progenitor star’ is no longer capable of generating sufficient energy within its core
to support its own mass, something that had always been the case throughout its
mature life. Increasingly, as the core weakens, primary nuclear fusion takes place
outside it, and as its outer layers expand and cool as a consequence, the core con-
tinues to contract while the rest of the star’s shell slowly assumes red giant status.
As a result of many changes and phases occurring in sequence, the pace of fusion
of the remaining fuel within the core only becomes more intense. After fusible
materials are used up, the core continues to contract under its own gravity, increas-
ingly becoming non-fusible iron, while adding further to its mass by drawing in
matter from layers adjacent to it.

Once the core has reached the critical mass of a maximum of 1.4 solar masses
(a key measurement known as the ‘Chandrasekhar Limit’ — the maximum core
mass that can be sustained against internal collapse by ‘electron degeneracy pres-
sure’), the now unstable heart of the star suddenly collapses, and at the point of
the last degree of compression possible (according to the laws governing sub-
atomic particles) the layers surrounding the compact core rebound with the terri-
fying speed of a cosmic bounce — a kind of miniature Big Bang on a ‘merely’
stellar scale. The result of this is the ultimate drama: a gargantuan explosion in the
form of a supernova, with newly created highly radioactive elements from the
superheated cataclysm being spewed far into space. Such huge releases of energy
can cause night to become day through vast regions of the galaxy, and any pos-
sible life on relatively nearby star systems to be totally wiped out. Aside from the
fast-expanding shattered shell of highly radioactive, usually highly visible glow-
ing material, all that remains in the aftermath is a tiny supermassive neutron star.
This last core remnant of the former massive star is an orb of almost unbelievable
density and small dimensions (a few miles in diameter at most), and consisting
solely of neutrons: subatomic particles, where the Chandrasekar limit no longer
applies. In the normal sense of the term, these stars cannot collapse further
because of the laws of physics pertaining to the space that neutrons can occupy.
Most of these exceedingly dense units of matter range from between 1.35 and 2.1
solar masses.

Some neutron stars become fast-spinning pulsars, but the largest among them
have the likelihood of another type of final collapse into an abyss of their own
creation — a black hole. According to theoretical physics, all stars being more than
five solar masses will indeed become black holes at the end of their life cycles,
supernova or not. A recent Chandra telescope observation and analysis of the
prominent X-ray source SN1979C, the remnant of a giant supernova in M100, a
galaxy in the Local Group and lying at a distance of 50 million light years, seems
to confirm that it is indeed a black hole — unsurprisingly of at least five solar
masses. While we are observing an event soon after it occurred, it nevertheless
occurred long before humans walked Earth, and so what we know of this black
hole, importantly from a historical perspective, uniquely reveals such a phenome-
non in its infancy; however, we can only speculate about how things have pro-
gressed in the intervening 50 million years.
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Other Varieties of Sudden Death

There are other types of supernova explosions that also take place with regularity
in double star populations of galaxies, though the outcome is still roughly the same
in intensity. Type la Supernovae appear to be the result of the interactions of two
stars in a binary system, at least one of which may be a white dwarf star. The
gradual gravitational transfer of matter from the more massive star to the lesser
dwarf will eventually result in its core exceeding the Chandrasekar limit. The result
is the inevitable cataclysm in the form of a supernova, once internal collapse and
final rebound begins. Those categorized as Types 1b and 1c refer to massive stars
that have lost their outer envelopes of hydrogen (Type 1b) or hydrogen and helium
(Type 1c) by the stripping actions of a larger companion star which, in turn, creates
an unsustainable instability. Regardless, for life forms of any solar system within
100 light years of a supernova, the chances of survival would be questionable at
best, so we should be thankful that locally, in the Milky Way, there few stars within
that range that appear to constitute a threat. However, there are one or two....

Lesser Explosive Outcomes

Because of the similarity of the terms, it would be easy to confuse novae, yet
another life cycle outcome, with supernovae. One way or another, for stars too small
to become supernovae, becoming white dwarf stars is usually the final stage for all
of them. However, other than the explosive hallmark that defines both types of
explosive stellar event, the differences are great, as the star exploding as a nova usu-
ally lives to see another day. For those that exist in a binary system, where typically
ared giant is its companion, as with Types la-c, the gradual gravitational siphoning
of hydrogen from the giant star to a more massive dwarf will eventually result in a
colossal explosion, a sequence and outcome that may commonly occur multiple
times in the same system. However, such a huge explosion is still in no way com-
parable in scale to those of supernovae, as it does not destroy the stellar core!

But the fact remains that the life cycles of all of these larger stars have nothing
to do with the formation of dark nebulae, or dark and dusty lanes, and with one
possible exception to the rule (the shattered debris formed in the aftermath of super-
nova explosions) will not involve dark features of any kind!

Regardless, at the end of stars’ lives, one way or the other, the majority of their
mass will have been sent back into the galaxy, either in the form of matter or energy.
For average-sized stars, most of the matter of their original being will join the great
reservoir of galactic dark nebulae, most of this ultimately to be reborn in reincarna-
tions as new stars (see Chap. 3.) Supernova explosions do not eliminate future
benefit to the galaxy, though. Much of the stuff spewed far into space from those
vast cataclysms will be reused within the structures of new solar systems. Iron, one
of the major components of the final stages of their life cycle, is produced in
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Fig. 1.7 NGC 3603 (Image courtesy NASA, ESA, & Hubble Heritage)

massive quantities in the fusion leading up to such events and is, of course, very
common within our own Solar System. And there is a huge abundance of this
element on planet Earth. In fact, all the elements heavier than oxygen require the
mighty processes of supernovae for them to form, or those occurring immediately
before. Many of these elements, often existing in only trace amounts in our midst,
may be found throughout our own Earthbound environment, and so it seems that
the flexible nature of our universe is never more evident than right in our own
backyard.

In Fig. 1.7, some evidence of the life cycles of Population I stars may be seen
firsthand. Columns of gas (more ‘Pillars of Creation’) may be seen here, apparently
dark material collapsing into luminous (protostars), soon to become full-fledged
stars. A cluster of young stars takes center stage in this image. The clarity of the
surrounding space is striking, so the multiple stellar birth has not only used up most
of the formerly unlit matter around it, but any remaining matter has been pushed
away from the cluster by the winds of its own creation. We can easily see this effect
on this image. Bok Globules may be seen to the upper right of the illuminated
nebula (see Chap. 4). There is also a fine example of a nearby star at the end of its
life cycle (named Sher 25): although casually, it resembles a planetary nebula, with
the familiar ring formation, as well as a clear example of bipolar emissions on both
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sides at right angles to it (see Chap. 7), this particular star of some 60 solar masses
is actually revealing its own precursor for a potentially huge supernova explosion.

In as much as none of the doomsday scenarios just described is anything we
would wish to experience, they represent the varieties of ways that some of the
existing stellar matter is returned to the galaxy, and often in the form of new stars.
As long as there is the possibility for newfound nuclear reactions evolving out of
any recycled raw material, the galaxy will remain a living, gigantic star factory.
However, all star formation is destined eventually to come to a halt. Despite the
constant process of matter being shed from stars that will never become superno-
vae, only a portion of these stars’ total matter is recycled each time, the remainder
being converted to energy. Insufficient star replacement will take place to sustain
the universe in the long term. And for larger stars destined to explode as superno-
vae, those elements capable of enabling star formation ultimately will have been
converted into heavier elements (remember, not all stars create star-generating mat-
ter by becoming planetary nebulae!).

Thus, all stellar formation will come to an end, all fusion will cease, and light
and heat will gradually be extinguished. When that time comes, whatever is left
over of the last stellar nuclei will slowly fade into the obscurity of brown dwarf-
dom, a slow decline into cold black dwarf corpses — to a place of ultimate darkness,
stillness and cold, a graveyard that all matter eventually must occupy. The universe
as we know it will fade into the ultimate abyss.

Although no star has yet been observed in a condition of being totally extin-
guished (becoming a black dwarf), it is only because the cooling time for any of
them to reach that status still exceeds the age of the universe itself! Beyond this, we
can only speculate, since no one knows for sure whether the cosmos contains
enough mass to ‘implode’ via the theory of the ‘Big Crunch’ (it seems improbable),
possibly to start the whole process over again, or just expand into infinity (the
‘closed’” and ‘open’ models of the universe). Unfortunately and regardless, observ-
ing such esoteric darkening stellar remnants is beyond the resources of the amateur
observer.

Meanwhile, a truly remarkable website (courtesy of Cornell University Library)
and resource to past and recent astronomical advances may be accessed at: http://
eprintweb.org/S/authors/All.

Many items relevant to dark attributes in deep space objects may be found on
this site. By opening the astrophysics tab and entering the last name of any astrono-
mer (a two-step process), a seemingly countless file of full research papers on every
facet of cosmology may be found and downloaded. Its value cannot be underesti-
mated, although one has to spend considerable time to find specific files.


http://eprintweb.org/S/authors/All
http://eprintweb.org/S/authors/All

Chapter 2

Defining Our
Viewing Parameters
and Methods

Since this is first and foremost a book for the observer, let us clarify the use of any
term referring to ‘dark’ things in space, and discard all those that we cannot physi-
cally see for ourselves. First we need to deal with the ultimate of dark subjects: dark
matter and dark energy, likely the bulk of the mass and energy in the universe.
However, while accounting for as much as 95% of the total, and being completely
invisible, the combined effect of the two is accountable to researchers attempting to
analyze the expansion and total mass of the universe. To date, there are some plau-
sible theories concerning these mysterious components of the universe, and these
are the only explanations we have for the apparent giant deficiency of mass and
energy in the cosmos. Separately or together, they are successfully implied, even
proven, and indirectly observable in measured galactic rotation, orbital velocities
and temperatures of galaxy clusters, as well as in the readily seen imaged
gravitational lensing of galaxies and other objects located far beyond (see Chap. 1,
Fig. 1.3) — even within the Milky Way itself.

Dark matter itself is reckoned to be the dominant component of galaxies, appear-
ing to constitute most of all galaxies’ mass or control over their development;
apparently dark matter entirely fills each galactic halo (the vast, roughly spherical
matter all around, ‘above’ and ‘below,” all galactic discs, including those regions
with a very tenuous stellar population). Regardless, in the sense of all we are con-
sidering here, is not dark matter itself, or its effect upon the order of the universe,
observable within any deep space object; the prospect of seeing it is still not within
the parameters of the average observer or any other. Therefore, it is important that
the reader not confuse the subject at hand in this particular writing with this most
baffling, and perhaps most significant part of the universe, yet to be understood or
properly defined.

By the same measure of what is meant by the term ‘dark,” let us also exclude
from this discussion all of those other extremely subtle cosmic discoveries that
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often utilize the same or similar terminology but are applied to a different class of
celestial phenomena entirely. These are also not normally observable, at least in the
generally accepted sense of the term. In recent years, advanced space age technolo-
gies have uncovered dark lanes even around individual stars (likely comprising
matter for forming solar systems), or even leftover dark and dusty matter around
planets (such as in the case of Neptune, where a dark mantle many times the
planet’s diameter orbits around it). The term ‘dark lane’ has even been used to
describe certain near-undetectable features in the white icy Martian polar caps.

The list can go on, but suffice it to say that these types of phenomenon cannot
be included for the purposes intended here, especially since it is unlikely any of
them would be even remotely possible to observe with the means normally avail-
able to most observers. And it is hardly necessary to comment that we will not be
expecting to see that most feared of dark phenomena — black holes — yet to be
observed or imaged by any means. However, as in other cases of esoteric question-
ing, it has been possible for major research institutions to observe and measure the
effects of them. (The effect of a massive black hole at the heart of the Milky Way
has been studied from observations — made in not normally visible wavelengths — of
stars circling around its extreme inner core.)

What we will look at, however, includes many examples — some notable — from
among those that typify the traditionally accepted definitions of the terminology
(dark lanes, dust lanes, dust belts, dark nebulae), and which include the dusty
mantles encircling and permeating many galaxies, the mysterious dark tentacles
and lanes crisscrossing many globular star clusters, occasional dark bands and
mottled regions within some planetary nebulae, dark voids within our own star
system that snuff out clouds of background stars or luminosity (i. e., Barnard’s Dark
Nebulae), those unlit and partially lit portions within otherwise bright diffuse nebu-
lae (especially star-forming regions of infant open star clusters). Supernova rem-
nants commonly contain dark details that contribute much to their visual splendor,
even if their makeup is not truly dark. More than a few mature open star clusters
(those that have mostly emerged from their cradle cocoons of creation) also com-
mand a little attention, not because of themselves but because of remnants of dark
lanes or unlit regions that seem to be revealed in their midst. Overall, it seems there
is considerable potential. However, the very nature of these phenomena requires a
more subtle approach than with most others.

As astronomical observers, often it seems there are few extremes to which we
will not go in order to gather every possible photon of light from the remote reaches
of space. The obsession to extract the maximum from whatever may be there is only
normal, after all, since the universe, as we know it, is only defined to our senses by
what we can see. It’s our natural common compulsion. However, it seems that
whatever we are able to see is never enough, brilliant enough, or sufficiently telling
in detail to lay the monster to rest. Indeed, the reality is that we are always grasping
at shreds of detail, and those shreds of detail that we are able to see always lie tan-
talizingly close to the visual limit — which explains the popularity today of imaging
over actual live observing in the amateur community.

Regardless of our approach, though, as observers of one type or another, the
countless faint glowing specks and diffuse patches that populate the vault above
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continue to beckon us all — almost hypnotically. Thus, the never-ending, age-old
‘disease’ (sometimes termed and well-known in astronomical circles as ‘aperture
fever’), which affects (infects?) the majority of observers, is always a constant
reminder that the cosmos will only begrudgingly yield its secrets to mere mortals.
However, those very difficulties we encounter as observers should also be a con-
stant reminder of the need to remain open to any and all means available that may
enhance the performance of whatever equipment we already have, whether our
viewing is live or via imaging. Strangely, different approaches, and especially new
technologies, have become competitive issues to many in the amateur astronomical
community — even sore spots — as what is considered an acceptable method to one
is an anathema to others. (As primarily a live observer, this author, too, has been
guilty on occasion of not being too eager to praise the more indirect methods of
observing, such as CCD imaging. Guilt indeed.) Even the word ‘cheating’ has been
used when describing certain means other than those ordained by others! However,
shouldn’t the objective only be to see more? We should all keep this in kind before
dismissing anything out of hand.

In the ongoing quest for more light and better vision of one kind or another, it is
all too easy to overlook the fact that dark objects in space are only visible as a
consequence of being observed as a kind of cosmic silhouette against glowing
backgrounds; they may even appear to shape many illuminated subjects. As any
avid observer knows, dark structures in the cosmos consist of more types than just
the familiar dark nebulae of the Milky Way, although many have much in common.
Whether viewing ‘local’ spectacles, such as star clusters, illuminated and planetary
nebulae, or examining details in far-flung distant galaxies, one would be hard
pressed not to notice the many dark and dusty lanes, belts, streaks, spots, and voids
that characterize or punctuate so many of them. Perhaps many of us have spent only
a little more than superficial time exploring these phenomena, let alone really con-
templating or even fully comprehending their significance.

Some straightforward, easily observed examples (Fig. 2.1a—h) typify the various
categories of dark features that form much of the basis of this book, and that we can
expect to be able to observe. While being among the most prominent, and readily
observed examples, they clarify the essence of what is being discussed, even though
the majority are not likely to be quite so accessible at the eyepiece. Most of those
shown in Fig. 2.1 may be seen even with fairly small apertures (though with larger
ones, naturally they will appear more striking and detailed).

(a) Within the ‘Lagoon Nebula,” M8, the bright open cluster of newly forming stars
irradiate and effectively illuminate the surrounding molecular hydrogen (HII)
gas, which serves as a backdrop for the many dark lanes transecting it.

(b) The famous ‘Propeller Lanes’ — the first such dark features to be noted in a
globular cluster — show readily at the 2 o’clock position towards the right upper
side of the Great Hercules Cluster, M13.
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Fig. 2.1 (a—f) Deep space objects showing dark features (a) M8, the Lagoon Nebula; (b) M13,
the Great Hercules Cluster; (¢) M27, the Dumbbell Nebula; (d) M17, the Omega Nebula;
(e) M33, the Pinwheel Galaxy; (f) M 104, the Sombrero Galaxy; (g) M82, the Starburst Galaxy;
(h) M1, the Crab Nebula (Images by Antony Cooke: standard digital camera, 18-in. Newtonian
Reflector, Generation 4 image intensifier; exposures from 1 to 10 s)
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Fig. 2.1 (continued)

(c) Within the planetary ‘Dumbbell Nebula,” M27, can be seen many dark details
including intriguing concentric striations, presumably produced by variations in
stellar wind vibration and difficult to detect by most means of observing (see
“Viewing Skills, Accessories and Other Considerations” later in this chapter).

(d) The ‘Omega Nebula, M17, illuminated by young stars and defined by dark
nuances. Even the surrounding space is made noticeably darker on one side than
the other by the presence of dust.

(e) The ‘Pinwheel Galaxy,” M33, is notable for its many mottled HII regions in its
spiral arms (the largest being similar to our own ‘Great Nebula in Orion,” M42),
as well as dark details (interstellar matter) throughout the whole structure.

(f) The prominent dust belt surrounding the ‘Sombrero Galaxy,” M 104, is the defin-
ing feature that characterizes its appearance, in addition to the slightly oblique
but otherwise edge-on, presentation relative to us.

(g) The striking bipolar character of this Starburst Galaxy are on full display to see,
appearing as dark features intersecting the core at near right angles to it; the
galaxy is bright and substantial in the field of view, and the detail is plentiful and
complex.

(h) Remarkable irregularities are visible in the overall structure of this star wreck-
age (the remains of the supernova of 1066); while dark features in such objects
are not common observing fare for observers, occasionally a few such details
may be present and justify the effort at the eyepiece, as can be seen in this rare
example.

While the dark regions and details shown in these examples are immediately
obvious, hopefully they will serve to suggest a little of the enormous viewing poten-
tial awaiting the observer. More interesting, ultimately, are the many subtle and
specific nuances and shapes comprising each dark feature, as we delve a little
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further and deeper into each one. Indeed, it seems there are no two such structures
or features quite alike.

Dark lanes or features may be elusive in nature, since they are not illuminated, after
all, but contrasted against what are usually pretty faint illuminated larger regions.
As an approach to preparing for a viewing session, perhaps the best first step might
be to seek out fine images from a large observatory, the Hubble Telescope, or pos-
sibly exceptional amateur examples, if appropriate ones can be found. By the word
appropriate, the inference is that the images are not awash in light, eliminating any
subtle dark detail in order to show what is illuminated. It is all too true that where-
as imagery of the Hubble Telescope and other advanced instruments are serving us
much better these days, you will likely often be disappointed to find how wildly
overexposed the central regions of many subjects are in order to show the full extent
and glory of the spectacle. The upshot is a magnificent sight, obtained, though,
usually at the expense of those very dark features that we might have hoped to see
with our telescopes!

Those very bright regions are what make dark features visible, of course, but
usable exposures on these images cannot be taken for granted. However, the listings
of objects at the end of each chapter of this book reference the features under dis-
cussion, a little pertinent information for each object, as well as listing suitable
images that are available online wherever useful. There is nothing better than exam-
ining in advance a good representation of what one is looking for, or hoping to see.
Sometimes previously missed faint dark features ‘jump out,” or at least take on new
significance in the live view when we are better prepared. Naturally, some of these
referenced images are more helpful than others; many may be simply too low in
resolution to help in defining subtleties of the type we might hope to see at the
eyepiece.

Thus, because of the intended purposes of much observatory imagery, keep in
mind that live viewing often produces surprisingly different visual impressions of
everything we see. This is particularly noticeable with images of globular clusters,
which may be unrecognizable in their real time counterparts. Although the details
shown in such grand imagery are not likely to be visible at the eyepiece, those that
we might have seen are all too often erased by the brilliant stellar illumination all
around as it intrudes into everything in the frame. Many such examples of globular
clusters show finely resolved stellar populations right to the cores, while appearing
completely devoid of any evidence of the dark lanes that have become the source
of much discussion and controversy. Frequently, this is due to the length of expo-
sure that allows some of the light of stars behind the dark obscuring material to
penetrate and register, or perhaps it is the finesse of the image (as in many Hubble
Space Telescope examples) that actually detracts from the eye’s sensitivity to notic-
ing subtle irregularities. Rest assured, the lanes, at least as we know them visually,
have not disappeared! It is a sad fact that a healthy supply of appropriate images of
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globular clusters, and often many other deep space objects — that we might have
hoped to use as a guide — simply don’t exist in most readily accessible reference
sources. Whenever you are fortunate enough to find them, you might try to affect a
kind of reversed mental polarity (in approach if not actuality), where you con-
sciously allow any dark features to define what you see, and not the other way
around. This can be applied in live viewing, too, of course.

The challenge of finding appropriate resources doesn’t stop with images but
also, surprisingly, extends to written reference materials. For the most part, you will
soon become aware that within commonly available sources, to find anything
beyond the most general or superficial remarks, even the most basic descriptions
about dark regions and features is also something you cannot take for granted,
because usually all of the attention is focused instead on what is illuminated, or on
other more esoteric aspects. It remains an unexpected challenge to find insightful,
detailed information or descriptions about any of these dark phenomena. And cer-
tainly, it is rare to find in detailed discussions about specific deep space objects
more than the mere acknowledgment of to any features’ existence — if anything at
all. Perhaps odder still in many respectable sources is the frequent omission, or
even the slightest reference, to celebrated dark features, now generally well-known
and regularly sighted, such as, for example, the famous ‘Propeller Lanes’ in the
great globular cluster, M13, in Hercules (Fig. 2.1b).

The observer should always remember to bear in mind, though, that just because
part of any subject may appear dark, it does not necessarily follow that dusty matter
is present; it may be that there is simply nothing there! In other instances, dark
details may be merely less luminous portions of a whole. Regardless, once our
interest in looking for such features has been prompted, it is likely that we will
always look at everything just a little differently, just to make sure we don’t miss
anything. And viewing is still likely to be interesting when we are not seeing true
dark features, because what is merely less illuminated still may appear to be sculpt-
ing what we see.

Actually, while many amateur observers have pretty much ignored what is unlit
in the universe, they are in good company. Apparently, most of the great observers
of the past have given the subject surprisingly short shrift, too, as specific and
detailed descriptions of cosmic dark features seems always to have been in short
supply. Among those ’big league’ astronomers, certainly one notable exception
was the legendary E. E. Barnard, who was so fascinated by one type of dark
phenomenon — the dark nebulae of the Milky Way — that he cataloged and carefully
plotted them, 370 in all. There are, indeed, in Barnard’s catalog detailed descrip-
tions of these phenomena, although perhaps not all of them are necessarily helpful
to the amateur observer. However, at least it would be good to find the same level
of readily available descriptions for everything else that is dark in space, too. Thus,
this book is a small attempt to begin to redress the overall imbalance for the
observer, especially one who has access to a moderate-to-sizeable telescope and
some decent viewing situations — that is, dark, transparent air.

For obvious reasons, within this writing we cannot look into more than a fraction
of all that there is to see. But with the degree of attention accorded those selected
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for analysis in this book, there should be enough to ponder that it might cause the
observer to re-examine alternative viewing approaches and some interesting new
potential targets.

Viewing Skills

» First of all, for seeing any dark features or detail, there is nothing to beat dark
sites and dark adaptation. The cosmos is never awash in visible light for the
amateur observer, and contrast remains the key. Thus we need to maximize
whatever ability we have to register the very light against the dark features that
show. Always allow a little while for dark adaptation before any serious observ-
ing begins — just 20 min away from light sources should accomplish much of the
benefit we need. However, with enhanced electronic viewing devices (see later)
of all types, their viewing screens are so brilliant relative to anything we are used
to in astronomy that much adaptation won’t even be possible, let alone neces-
sary! We will, however, still need dark skies.

* Remember that only the central portion of the retina provides detail in vision
(the macula), and the outer portions are the most light-sensitive. That old skill
known to all seasoned astronomers as averted, or indirect, vision, will reveal
dark regions and details better than anything else, plus it costs nothing! While
there are differences among many in the astronomical community on
how much boost it can actually provide, there can be little doubt that
successfully utilized, it can result in near dramatic gains in whatever the eye is
able to detect.

* The word ‘detect’ is the key here, and while our peripheral view of the world
shows nothing like the amount of detail we see in the central field, our first
consideration is becoming aware of otherwise elusive sights. Once spotted, ‘see-
ing’ them more readily with ones’ central part of vision becomes almost a
routine. Typically, most people who have never spent any time with a telescope
in the dark are unaware of this benefit. Others may suffer from the terrible medi-
cal deterioration of the central vision known as ‘macula degeneration,” and will
be all too aware of this critical aspect of eyesight.

* You might experiment with what part of the eye’s field of vision is most effec-
tive; many observers feel that the inner part of the field is more sensitive than the
outer, although this writer does not recommend one over the other. However, all
of our natural reflexes try to bring our attention towards the central macula as
we observe. Thus, the skill of this part of astronomical ‘seeing’ involves learning
to steer one’s visual reflexes away from the brain’s natural visual ‘programming’
to center the image for detail. Instead we have to apply them to a technique that
defies all of our instincts: scanning the image around the periphery — something
that requires practice and patience to fully master. It is made all the more diffi-
cult by the eye’s tendency to ‘flicker’ around the field in protest. However, once
mastered, new details suddenly appear more readily.
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Additionally, from time to time you might throw the image in and out of focus;
the newly focused image seems to refresh the eye, and details seem more readily
revealed. The eye also seems to benefit from starting to focus again from scratch,
and perhaps we will find that the point of sharpest focus seems to vary by tiny
amounts. We can only assume that the eye may impose certain focal adjustments
of its own that may put additional strain on it; relieving this strain could there-
fore only benefit.

You might try periodically tapping the telescope tube — thus taking advantage of
the sensitivities of one’s vision to motion in order to snare subtleties in the field
of view that may initially escape attention. It may even help in initially locating
an object, after which the object seems to take on increasing prominence. While
we know that cats’ vision is dominant toward motion, humans also share a
degree of the same sensitivities.

There is also the matter of determining ideal illumination in the eyepiece view
via the magnifications we select. If there is too much brilliance, often by utiliz-
ing too low a power, any subtle dark features could become washed out, some-
thing certainly true of many time exposures. Although the eye does not store
light in the same manner as do time exposures, it is not able to prevent the
encroachment of light on surrounding areas. The way we see brighter stars as
somehow larger than dimmer ones illustrates this well. Thus such under-
utilization of magnification only contributes further to any existing lack of
awareness we might have of the dark features themselves.

In a seeming contradiction, it is also true that many deep space subjects only
reveal their true dark details to the maximum extent when subjected to magnifi-
cations that one would normally consider ridiculous for faint subjects, but such
powers may be effective through the unique attributes of the particular object
under scrutiny. After all, decreased illumination in the eyepiece would also seem
to mean less contrast — at least theoretically that would seem to be the case, but
in practice that is not how it plays out. The eye has certain inexplicable attributes
with regard to its specific sensitivities, although highly subtle indeed. Only trial
and error will determine which power selections to use. Therefore, always take
the time to try several magnifications for each object in view; there will always
be one with which dark features stand out better than the others. Any skilled
observer has experienced these seemingly inexplicable quirks of optics and
vision, and probably is at a loss to explain them.

Utilizing these simple techniques adds to our ‘seeing’ skills — the ability of the

eye and the brain to extract and transmit any and all scraps of visual information,

ultimately assembling what we ‘see’ by assembling them into a composite, an

amazing testimony to the special human abilities to put such a jigsaw puzzle

together. While the process sometimes may be slow, the effect of it is that whatever
is eventually perceived to be present in the image becomes obvious, but only after
the fact! The upshot of all of this is so striking that one can hardly imagine how
these subtleties and details were not easily seen at first glance.

As with all things in practical astronomy, in addition to these viewing skills and

others acquired over extended time at the eyepiece, good viewing conditions, a



32 2 Defining Our Viewing Parameters and Methods

minimally light-diffracting telescope, and some additional specialized types of
equipment can all help further with the rather delicate subjects we are looking at.
And dark features are always delicate subjects to be sure. Plus, while no special
additional equipment, beyond the normal hardware amateur observers use, is actu-
ally a necessity, in order to participate most effectively there can be no doubt that
certain filters and electronic devices (most are highly infrared sensitive) do show
dark regions better — and also reveal some that would otherwise be invisible. Also
by ramping up the illumination of what we see, they provide increased contrast and
even ease of viewing. Indeed, if the opportunity allows, it is interesting to observe
these objects through a succession of natural, filtered, and intensified viewing, (and
still through as wide a range of magnifications as the subject will allow). In each of
these methods of viewing, quite a noticeable variety may be seen, when just as
strikingly different aspects become more or less prominent.

Telescopes

Astronomy has always been tied closely to the development of optics and telescope
design. It has only been possible to ascertain proper scientific conclusions with the
advent of more sophisticated means of probing the cosmos, and thus, we cannot
blame earlier observers for incorrect conclusions they may have drawn; they were
only able to deduce what they did from the quality of information reaching their
eyes and minds. Indeed, we can only marvel at just how much they were able to
accurately determine. We benefit today not only from better optics than many ear-
lier observers had at their disposal, but also from a better understanding of the many
subtle nuances of the subjects we are seeing. Although all of them may look dark,
certainly they all do not fit the same blanket description!

Because one cannot overemphasize the critical need for contrast in observing
anything dark, that is, the degree of illumination versus a similar degree of dark-
ness, success is thus tied to aperture at the most superficial level. It is also tied to
optical quality and design. In this regard, modern instruments hold a tremendous
advantage over those available to earlier astronomers. Thus, while all telescopes
today probably will deliver greater contrast than anything available not so long ago,
obtaining the maximum potential contrast is only as good as the telescope design
will allow. Considering what is available, many optical and mounting designs are,
quite frankly, less than ideally suited to delivering this important attribute. It is
dependent on various factors, including introducing too much scattering and dif-
fraction of light, instability of the assembly itself, even awkwardness imposed on
live observing, all of which degrade either the image or what may be gained from
the efforts taken, to a greater or lesser degree.
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There is no shortage of comments regarding the relative merits of different types
of telescope, but a few additional words emphasizing an all important ingredient —
contrast — for revealing best all that is contained within this book would not be out
of order. Telescopes with large secondary mirrors, for example, such as the very
popular lens/mirror catadioptric designs, are among the least suited to this form of
astronomy (to say nothing of other forms of it), because of their huge, light scatter-
ing secondary mirrors, as well as the light absorption caused by the additional cor-
rector plate optical component. Although they may be capable of giving us fine
images through later computer processing, for live viewing, regretfully, they are
much less than ideal. And poorly mounted instruments that vibrate, wobble, do not
allow fine adjustments, are awkward to manipulate, or that otherwise react unfavor-
ably to every tap and gentle wind gust will likely prove just as damaging to the
eye’s ability to resolve fine detail, especially the ever-subtle and elusive character
of dark objects and features.

Perhaps surprisingly, more than a few dark objects and features will provide
dramatic views at the eyepiece. However, aside from a crucial need for the darkest
skies and most transparent air possible, having a few extra tricks up our sleeves will
be found to be helpful. A good, larger pair of binoculars will prove invaluable, or
an extremely low power, wide aperture scope. Once commonly termed a ‘richest
field’ telescope (RFT), this might prove even better for all but the smaller nebulae.
Many of these nebulae are extended objects that will not only benefit from wide
fields of view but also the increased contrast that low powers bring about.

Refractors, with no secondary mirrors to cause diffraction, may appear to be an
ideal choice for our purposes, but still need to be approached carefully, as they pres-
ent other detrimental issues all of their own. For sufficiently large apertures, most
achromatic telescopes of this variety will prove too costly to buy and come with a
host of other drawbacks, not the least of which is chromatic aberration, especially
among the larger sizes, along with drastically increasing weight and unwieldy
lengths with every inch of aperture gained. Chromatic aberration, appearing as
bright color fringes around focused objects, and not completely solved by the
development of achromatic lenses, would tend to eliminate these telescopes as an
ideal choice for seeing subtle dark details near the periphery of any object, along
with rapidly increasing problems of this type seen in the larger examples. And this
is even if apertures approaching the much more typical amateur Newtonian (8 in.
and larger) were practical from a cost standpoint. As a final comment, it is fair to
say that the color-fringed images seen in any of these larger achromatic refractors
would shock habitual users of almost any other type of modern telescope.

Apochromatic refractors were designed to overcome all such chromatic aberra-
tion problems, and certainly they do; they offer almost faultless performance in this
regard, along with reasonably compact focal lengths. However, while likely to be
the best of all, optically, of all the refractor family (indeed, of any other?), sadly
their extremely high price relative to aperture makes them a questionable choice for
most amateur budgets, at least if live viewing is your main priority. For imaging,
they can hardly be faulted, despite the fact that resolution is still commensurate
with aperture. Regardless, some remarkable amateur imagery has been produced by
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surprisingly small apochromatic refractors — although not more so than with fine
Newtonian reflectors of little more aperture — but the apochromatic refractor’s very
compactness compared to other refractors (typically featuring focal ratios far lower
than normal achromatic varieties), and simplicity of use may make such a telescope
the choice of the astro-imager on the go, if not the live observer of subtle deep space
objects. Perhaps the more significant downside, though, is obtaining them in larger
sizes — unless money is no object, and portability not a requirement — because they
rapidly become disproportionately heavy and costly with increasing size. Prepare
to be stunned by the prices of these larger sizes. Those that the average observer is
likely to have will not usually exceed 7 in. (17.5 cm), and in fact, in the commercial
marketplace significantly larger sizes than 7-8 in. are actually unknown to this
writer. Even then, this still does not deal with the type of telescope that offers the
most ease of use from a visual standpoint. And sadly, it is not the apochromatic
type. For live viewing, as opposed to imaging, considering that virtually all variet-
ies except the Newtonian require that the observer to peer in from underneath (or
use a diagonal, which further reduces image brightness), this seemingly innocuous
characteristic is more significant than it may seem at first blush. And we should
fully realize that larger apertures of good quality always produce more detailed
images than comparable smaller ones; thus, for my money, this brings us back to
the Newtonian. Other types of reflector still do not have equal advantages and come
with other drawbacks of their own.

The Newtonian reflector design (actually known formally as dioptric) ought to
be taken more seriously by those all too quick to ignore its lineage, performance,
and sheer value. It is still the best overall telescope for the money and comes with
some significant advantages over any other design. Isaac Newton, the scientific
colossus, not only produced the exquisite design itself (a more pure form there
never has been), but he solved the problems of optical mirror making to the degree
that reflecting telescopes finally became practical.

Because we are looking for contrast above all, Newtonians with longer rather
than shorter focal lengths feature smaller secondary mirrors, and, in addition to
their optical simplicity and purity of design, scatter the least light and will thus
prove the best contrast performers among the reflector breed. For maximum results,
however, many may suffer from too large a secondary mirror in configurations of
short focal ratios; try to select one with a diameter less than 20% of the primary.
Even less, say 15%, is better yet. However, since all Newtonians are virtually cer-
tain to utilize secondary mirrors with appreciably less than the huge catadioptric
secondary average of 35%, a good one will provide infinitely superior viewing
(especially of subtle subjects in deep space) than any of these telescopes would
offer at the best of times.

It is worth pointing out that the telescope used for all of the author’s imaging in
this volume is of the Newtonian design, but its F4 configuration and 22% secondary
mirror makes it less suited than would be those of longer focal lengths and smaller
secondaries. However, in practice, the quality of the telescope and its substantial
18-in. aperture (to say nothing of its outstanding mechanical design) certainly com-
pensates to a large degree, and most observers would be hard pressed to tell too
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much difference between this instrument’s performance and one with a secondary
mirror significantly smaller. The payoff is, of course, that such telescopes, with
their short focal lengths, have made what would have been truly sizable and
unwieldy instruments of yesteryear quite practical today, something we must
always consider when transporting our equipment to places where the sky is truly
dark and transparent. Long focal ratios and small secondaries in this configuration
are capable of delivering results not significantly inferior to the best refractor
designs, contrary to popular misconception. It is fairly safe to say that the very best
refractor would still not perform much better than a fine Newtonian of perhaps no
more than a third larger. However, such telescopes are likely to be more difficult to
transport to favorable sites, if not impossible.

Remember, above all, for seeing dark detail, we need light grasp, along with
good optical quality and design if we are to have the best resolution and contrast
possible. This means optics that are clean and scratch free. In addition, the tele-
scope preferably should have ease of use, portability (in order to get to dark sites),
and, presumably for most people, the affordability that still allows all the other
requirements! These qualities are the name of the game. None of the things featured
in so many commercial products today (all those fancy electronic ‘features’), which
cost so much and deliver so little in terms of viewing itself, are likely to provide a
real return for the money. With the exception of good digital setting circles (which
become quite critical when tracking down dark shadows of the night), there are
few such features that offer value in line with the high cost at which many of
them come.

Regarding suitable apertures, for live viewing of all dark subjects and features,
sadly it is not realistic to expect exceptional views of anything other than the most
prominent dark objects (and thus, relegating the potential to those relatively
nearby), with apertures much less than 8 in. (for a reflector). While lesser sizes are
far from useless for the purpose, only more substantial apertures than these will
have any realistic prospect of resolving the more subtle features and details, espe-
cially the least obviously dark ones at that. By way of differing eyesight capabilities
as well as viewing skills, some observers might disagree and lower or raise that
number somewhat. However, hardly anyone would disagree that the true realm of
witnessing deep space at the eyepiece, and accordingly being able to see potential
dark features, lies with apertures significantly larger than the minimums any of us
might recommend.

Thus, it is fair to say that the best potential for viewing at the eyepiece is most
likely to be delivered for most observers using telescopes of 12-20 in., and in good
conditions. Otherwise, a more indirect approach with smaller apertures, utilizing
time exposure or compound imaging of one type or another, may be the only ave-
nue for the serious observer in order to best pursue what is described here. While
indirect forms of observing may suit many, it will not suit all, although it does
enable telescopes of apertures much smaller than those discussed here to offer sur-
prisingly impressive results. And while image intensifiers (more below) enable
moderate apertures to perform with the light grasp of much larger ones, resolution
is still dependent on aperture itself; however, contrast will be enhanced. These devices
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really come into their own when coupled to the more imposing apertures available
to amateurs, such as the the range just mentioned. As with everything else in
astronomy, ever-increasing apertures of high quality (and hence ever-increasing
light grasp) will deliver ever-increasing results.

Specialized Filters

Despite the fact that many of today’s advanced polarizing filters were originally
designed to soak up the sky glow of cities, they often do noble service in dark con-
ditions, too, by blocking competing wavelengths within or even around the objects
we are trying to study. Once this potential was realized, many different types of
specialized wave-blocking filters would soon emerge, produced in numerous
varieties.

Common in the marketplace today, no manufacturer offers a more sophisticated
or prolific range than those offered by Lumicon (now owned by Parks Optical).
With the use of these specialized filters best suited to different objects, some objects
appear distinctly more luminous than with unaided viewing — perhaps surprisingly
even under the best and darkest of conditions. Subjects seem to stand out from the
backdrop much more noticeably, and many dark regions often take on new promi-
nence. Although there are so many different filters, it is fair to say that only nar-
rowband varieties are truly useful. However, keeping an open mind and trying
whatever may be on hand still remains the best approach. By this, you can take it
that some of the broadband varieties intended for general purpose are of limited
value to our special needs, but you should probably try them anyway. One never
knows what experimentation may bring with any particular object.

Some of the more sophisticated catalogs of such products are worth perusing.
Lumicon’s specialized filters for general deep space use include Ultra High
Contrast (UHC) filters for enhancing illuminated nebulae, Oxygen III (doubly ion-
ized oxygen) filters for certain illuminated and planetary nebulae as well as super-
nova remnants, their special and much celebrated ‘Horsehead’ filter, also potentially
useful for a host of other faint nebulae, but made famous for showing that single
item exclusively.

It is always worth checking the catalogs of the major telescope manufacturers as
well, such as Meade and Celestron; they offer extremely comprehensive ranges of
filters at reasonable prices, even if not necessarily quite as sophisticated a product
line as that produced by Lumicon. Another company, Orion, while essentially sup-
plying products to a broader segment of the astronomical public, also produces
perhaps the best narrowband filter overall, under the name ‘Ultrablock.” In the
opinion of this writer, this filter works perhaps more effectively on a wider range
of subjects than does any other, while also being surprisingly affordable ($100).
Certainly no aspiring observer of dark and delicate detail should rule out any of
these accessories casually, as they will pay for themselves many times over with
impressive results that they are likely to produce at first glance through the
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eyepiece. Always bear in mind, however, that despite the increased contrast, the
view will be dimmer, and they are not usually effective when used in conjunction
with electronic enhancing devices (see below).

Electronically Enhanced Viewing

This is not the first book in which this writer has extolled the virtues of some very
advanced electronic technology available today. Criticisms of this preference are
hard to understand in light of the advantages that they bring and in spite of their
relatively high cost; but there is nothing to beat a closed mind. There are several
options, although those referred to here are either CCD video devices or image
intensifiers. Aside from dramatically boosting the brilliance of what we see, part of
their effectiveness is that they are so responsive to infrared and other wavelengths
normally invisible (or only slightly so), making parts of hitherto dark regions show
as illuminated to some degree, thus rendering them visible where they were not
before. On a more immediately obvious note, they also boost the bright backdrop
of emission nebulae, and many truly dark details may become more readily visible
through the greater contrast resulting from their use. For the observer, this is one of
their greatest strengths (especially concerning image intensifiers); it certainly
more than compensates for their less than strong responses to light wavelengths in
the blue part of the spectrum. However, dark skies are essential for most of the
benefits of contrast; otherwise the effects of sky glow are also increased, which will
void much of these subtle gains. As with every other type of viewing, the key to the
best results still remains the quality of the air and the degree of darkness itself.

Regardless, the value of enhancing devices is frequently misunderstood; some
people simply will never try anything beyond what they consider to be a valid
observational approach. Many were jaded by the use of such devices long ago,
while the technology was still in its infancy. It is likely that these same people have
not tried a modern image intensifier eyepiece. But should astronomy be relegated
to a sport where there are prizes for purists and ideologues, even when others may
be actually seeing more? In the great scheme of things, it seems to this writer that
anything that can help extract more insights ought to be fair game. But more spe-
cifically, let us examine individually how each of the two primary electronic aids
may help us:

Image Intensifiers

The most advanced image intensifiers today, in particular Generation III, but even
more so those of Generation IV, often dramatically reveal dark lanes in many deep
space objects. (We can safely discount earlier generations in this quest, as they
introduce too much image noise and too little enhancement of what we are trying
to see.) While the wavelengths of light emitted from HII regions suits the response
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of these devices well, there is another benefit. The extreme heat (+10,000°K) of
those same regions causes infrared radiation to be emitted, too, and because image
intensifiers are also responsive to these wavelengths, otherwise unseen radiation
becomes visible. Thus, these regions are further enhanced, and colder, dark and
dusty regions are even better contrasted against them. However, image intensifiers
are less favorably suited towards blue wavelengths, making reflection nebulae
harder to see!

Furthermore, since image intensifiers have a less useful range of magnifications
than we may be accustomed to, only larger apertures coupled with these devices
allow higher powers to be used effectively. This is an important consideration, quite
outside further increases in the brilliance of the image. An advantage with late gen-
eration (IV) devices is superior resolution than any other type of electronic viewing
device. However, because some dark subjects only reveal the most interesting fine
detail when examined more closely, we may not always be able to take advantage
of the resolution in every case, another downside with smaller apertures.

Despite the brilliance of their output, the selected characteristic green phosphor
screens of image intensifier tubes are nevertheless geared towards some degree of
dark adaptation, although the images they produce are brilliant by astronomy-in-
the-field standards. While this may seem less so in the dark of night, you may safely
use a dim flashlight (or a bright one when used indirectly) to look at charts without
compromising whatever degree of dark adaptation is needed and remains.
Incidentally, while the intensifier the green color may be initially distracting, in the
darkest conditions the eye, and eventually the brain, registers the image more
simply as black and white.

CCD Video Cameras

Less direct than image intensifiers, but still possible to use as live viewing devices
of sorts, frame-integrating CCD video cameras also provide good potential for
enhancing and detecting dark detail. Relatively inexpensive, they have a strong
response in the red and infrared part of the spectrum, even if not quite as much as
the best image intensifiers. However they remain highly viable options for the
observer looking to extract more from his or her telescope time and especially
budget. By and large, because many of the previous comments about image intensi-
fiers apply to CCD video cameras as well, we need not elaborate too much; suffice
it to say, the primary differences with CCD video lie with the observing experience
itself. While the chips they utilize are amazingly sensitive to low light levels, and
offer some of the same advantages as image intensifier eyepieces, they lack true
real time capabilities (but only by a few seconds!) and do not have quite the crisp-
ness, resolution, and refinement of view. The result of compounding many
individual frames to build the image simulates the live experience fairly effectively,
although viewing is confined to a monitor, and the personal connection unique to
live viewing is somewhat diminished, if not lost altogether. But don’t be put off by
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the frequent elitism decrying any types of electronic device — or the use of anything
outside the most accepted norms of observing (the norms established according to
others’ ideas). These new-fangled tools do the job.

Observing with Electronic Enhancing Devices

The following comments apply to both image intensifiers and to a large degree to
CCD video cameras as well; the responses of both are similar, if not quite identical,
through much of the spectrum:

Globular Clusters. The light from globular star clusters is skewed toward the red
and orange frequencies, due to their makeup of old Population II stars. Thus, this
very type and its characteristic coloration means that with electronic enhance-
ment, we can expect significantly more dazzling views of these objects than the
views of many others. While image intensifiers, especially, make some objects
take on a subtly different appearance — due to the differences in the spectral
response of these devices versus the human eye — globular clusters are a perfect
fit. Significantly differences to the overall visual impression of the structure and
form of such clusters, as might be the case in objects where a wide range of light
wavelengths are present, do not apply. This is despite the minor downside that
the subtle dimensional effects we experience in the conventional view — where
such clusters appear to loom out towards us in a ball of lighted points — are lost,
which is an illusion anyway, of course. Electronically, these objects tend to look
altogether more two-dimensional, although in no way does it negatively impact
the prominence of dark lanes within these clusters. These are actually greatly
enhanced.

Dark Nebulae. With these subjects, there is always unseen potential for surprises.
Being parts of the interstellar matter we know as the great dark belt of the Milky
Way, it has often been reported that image intensifiers reveal nebulous patches, as
well as other unexplained sights, where none are cataloged on any standard chart!
However, what we are likely seeing are regions within the interstellar matter
made newly visible by the intensifiers’ response to infrared wavelengths: maybe
star birth activity is taking place deep within a dusty cloud, or a faded deep space
object is still emitting some heat. Although any number of other possible expla-
nations could also apply, these tools’ special value to the astronomer is only
further emphasized. Naturally, where star fields are particularly bright, any dark
nebulae present will be greatly enhanced; the densest among them (i.e., molecular
clouds such as B86) standing out like a long time exposure. Larger regions of
dark nebulae may be very effectively viewed with low magnifications (in con-
junction with an RFT — see earlier), or no magnification at all (see Chap. 3).
Galaxies. With image intensifiers, these objects provide some of our greatest
viewing pleasures and surprises, as well as some of our greatest disappoint-
ments. It seems there is no way to precisely predict the way any galaxy will
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appear; some that one might expect to show little detail (such as face-on spirals
with predominantly young blue stars in the galactic arms) can provide remark-
able views. Surprisingly, in such instances, spiral form is often significantly
enhanced where gas and dust is being irradiated to a significant degree and well
placed, although the overall glow that fills out the galactic halo in conventional
views is usually absent. Instead, cleanly separated spiral arms may be seen,
sometimes strewn with mottled patchiness (i.e., M51), and dark regions between
them often show well. However, just the opposite may result when irradiated
interstellar matter is buried deep within the galactic structure.

Where galaxies are seen edge-on (i.e., NGC 891, NGC 4565), dark interstel-
lar matter present in the arms is seen in concentration instead — through the
galactic plane towards the core as dust belts. Here, these devices will seldom
disappoint, throwing typically dark regions into stark relief against a typically
brilliant hub, and usually with pronounced detail all along the belt. While
greatly enhanced in brilliance, featureless galaxies such as ellipticals, being
composed chiefly of old red stars, still do not appear more visually interesting
than in the conventional view. Their forms will only appear more prominent
because of their dominant Population II star makeup; however, dusty matter is
still absent! We may have some pleasant surprises, however, with certain len-
ticular galaxies, as with some irregular, peculiar, and starburst galaxies (i.e.,
MS82, NGC 253, NGC 5128), which usually have hugely varied and striking
dark regions and features, and may produce some of the most exceptional
views of all.

Diffuse Nebulae. Because these regions are often where star formation is taking
place, we are likely to find electronic image enhancement particularly helpful in
exposing unsuspected detail, while throwing many hot and irradiated regions
into more striking prominence. Because these nebulae frequently contain reflec-
tion components as well, we can expect to see these aspects much reduced,
sometimes rendered even invisible. However, dark details are likely to take on
new prominence (i.e., the ‘dark lagoon’ in M8), while the dark ‘folds’ and other
shapes take on new significance (i.e., M42, M16). Some nebulae will resemble
long images of exposure photography.

Planetary Nebulae. These subjects, made visible by irradiated molecular hydro-
gen and hot ash, will seldom disappoint. Often, some examples suddenly reveal
remarkable amounts of detail, such as the ‘Cat’s Eye Nebula, NGC 6543,
where the twisted helical-appearing form for which it has become famous
jumps out in the view at first glance. We would be unlikely to see such revela-
tions in conventional viewing without giant apertures. Other planetaries will
show the ionized rings, regions where irradiation is taking place most strongly
as the winds from the central stars push the glowing HII and ash ever further
outwards and, characteristically of many planetaries, with startling clarity. Any
dark detail and features present that are usually lost in the conventional view
may be significantly enhanced. The variations of such detail are potentially
limitless, and we may regard these objects as some of our best opportunities for
image intensification.
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Astronomy Software

Many observers have increasingly utilized advanced computer applications, the
best of which provide extensive catalogs and information. This type of software
is the new horizon for many, and brings a level of professional observatory sophis-
tication to amateur observing that would have been unheard of not so very long
ago. Among the very best is the SkyX Professional Edition for Windows or Mac,
available from Software Bisque, which will provide detailed ‘specs’ for every
conceivable object, as well as create and print custom sky charts, including dark
nebulae from several catalogs. This software can even direct and drive your tele-
scope with unrivaled accuracy and offers almost limitless additional capabilities.
Certainly such means represent a new world of true accessories today, especially
for those looking for a more refined approach to their observing or imaging
sessions.

With the author not being an astro-imager in the accepted sense of the term, in
some circles his alternative to commonly ordained imaging methods might be met
with similar rejection to the hi-tech accessories just discussed! However, the goal
was to provide a decent guide to what might be expected in the live view at the
eyepiece under dark skies — with moderate to large apertures, utilizing a wide
selection and composite of live viewing approaches (eyepiece alone, with special
filters, CCD video viewing, image intensifier eyepiece, etc.) — a good overall
average, one could say, if such a thing is possible. Without overlooking the fact
that things always look better in the live view than on the printed page, a little
comparison to results in the field will soon give the reader a good basis for
expectation.

Because, from the author’s perspective, it was also necessary to accomplish this
in a fast, simple, straightforward manner, the images contained in these pages were
obtained in the same ready and straightforward manner as those deep space images
that were featured (and described as his best method to date) in Make Time for the
Stars (Springer 2009), only with the slight refinements experience brings. It should
also be emphasized that, while indeed the results do noble service in these pages
as a good visual reference, they still lack that certain indefinable ‘something’ of
the live view, as ultimately does all imagery. Thus, in addition to the allowances
one must make according to equipment utilized, etc., one must adjust one’s expec-
tations accordingly and reasonably. It is always better in person. In certain cases,
because the specific range of responses of the image intensifier utilized is so
different to that of the eye, the images may not be exactly as one would see with
conventional viewing. In other instances, certain attributes stand out better, and
sometimes not as well. However, this is only a general caveat; the images are not
radically different from what might be seen live, and as such, remain well in line
with such views.
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Simply stated, all images (unless otherwise credited) were obtained by the
author in the following manner:

» Short exposures were made at the eyepiece, via image intensifier (Generation 4)
and either a standard digital camera with manual settings, or CCD video camera,
with the focus carefully adjusted and as wide a setting as possible for the
aperture.

e The camera was secured with a universal adapter that clamps directly onto the
image intensifier eyepiece; considerable care was taken to ensure accurate align-
ment of these components.

* A Barlow lens was frequently included at times for extracting maximum resolu-
tion of detail, sometimes necessitating significantly longer exposures than uti-
lized in the past, usually a couple of seconds or so, though never more than 15 s
for the very faintest of subjects. Consequently, such lengthy exposures, of
course, also necessitated more accurate polar alignment of the telescope, some-
thing that may be less stringently adhered to with 2—4 s exposures. Regardless,
in concept at least, these images are as close to snapshots as possible.

» Every effort was made to maximize the use of pixels in the frame, including
using the zoom lens of the camera to fill it to the maximum. In many instances
it will be necessary to do this in order to eliminate coma at the edges of the field,
the downside of the Newtonian reflector configuration.

e From the CCD video stream, single frames were extracted in what amounted
essentially to 1/30 of a second snapshots! This reveals the great light sensitivi-
ties of these devices and the advanced chips they use. The camera was attached
to the telescope tube, but for extremely wide angles was not coupled to the
telescope optics; instead, a non-magnifying 1.5-in. primary lens with adapter
was used.

* Generally, ISO settings never exceeded 400, in order to reduce image graininess.

The images are all are monochromatic — not in color — by default. Thus the
illustrations used in this volume are comfortably presented in monochrome. (Image
intensifiers are not designed to do otherwise, since they are set for maximum
response at specific frequencies.) Because the intensifier output is green, the cam-
era was set for maximum vividness in that part of the spectrum, which helps to
compensate a little for differences on the printed page. Regardless, in deep space,
this is also how the eye tends to perceive most color; when starved of its usual light
levels, color is sacrificed for sensitivity, and the vivid hues we usually see in today’s
grand deep space imagery is not how we would ever see these objects were they
close on hand, even situated nearby! While those spectacular colors do, in fact,
exist, the low levels of light we would experience from almost any vantage point in
space would still render them virtually colorless to our eyes. Of course, individual
stars do show color, albeit in a somewhat more restrained fashion than we might
believe we are seeing. In the appearance of the vault above, color is at a premium.
Regardless, it is the absence of blatant color in extended objects that is the point
here; we are primarily concerned with dark, colorless features anyway.
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In spite of the care that one must take to secure optimal results, there can surely
be nothing easier, or so frequently unexpectedly revealing, as this particular method
of imaging. And seeing results immediately in the field on the screen of the camera
does have its rewards after all; just ask any user of CCD video cameras. Only a little
further experimentation is necessary for best results with each piece of equipment
(telescope, camera, object, etc.), but suffice it to say, just as with film, keep the
camera ISO setting low to moderate; otherwise, it will most likely lead to unsatis-
factory, grainy images, which no amount of post processing can seem to eradicate.
You might also keep the camera image size set only to medium (or even less) to
avoid really large, unwieldy frames. One is hardly likely to need an image as wide
as a room, or one that reveals no more detail than a smaller one; maximum resolu-
tion possible will likely already have been obtained much before this. We will not
be able to attain the fine resolution of a long time exposure anyway. For those
observers primarily bent towards live viewing, but interested in recording some of
what they see by this method, post observation image adjustment at the computer
is mercifully minimal.

Despite the author’s bias towards visual astronomy, this is not to say that nothing
here will apply to other less direct means of observing, such as long exposure imag-
ing of any kind; indeed, virtually all of what is contained here is relevant to any
form of practical astronomy. Perhaps this is even more significant than it seems,
should it cause practitioners of any type to expand or refine their approach and
stress dark features in their images. However, unless dark features or any particular
object are accessible to the visual astronomer, they were not likely to feature in the
author’s imagery. Some of the more esoteric examples of dark or dust regions, such
as Bok globules (possibly visual evidence of the condensing stages of stellar birth),
remain primarily imaging subjects, and even then the unfortunate fact remains that
quite sophisticated means are still required to capture them. However, if inspired to
take up the chase of such difficult dark subjects, the most avid astro-imagers today
are not likely to be deterred!

Because we cannot undertake a review of everything that there is to see, or even
a fraction of it, the purpose of selecting certain subjects to review in detail is to
merely introduce apparently often-neglected possibilities, if not also to encourage
an added meaning to deep space observing. We will sample a good cross section of
subjects and explore the potential in detail. If the result is a greater awareness of at
least the type and range of features present and worth looking for, then the desired
objective will have been achieved. (In the examples chosen for in-depth discussion,
where observatory images add otherwise hard to describe insight, they will be
included). After initially indicating the most immediately obvious dark region(s),
the primary goal will be to spotlight as many dark features as possible within the
entirety of the subject, either by simple description or graphic illustration. Some
details will be subjective; others will only be explained away because illuminated
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matter is not actually present and a void truly exists. In describing them, it will not
be enough to state merely that there is ‘a dark lane’ or a ‘dark region’!

Finally, we should always bear in mind that observing dark subjects and fea-
tures, while fully tracing their extent and implications, requires a degree of patience
along with all the refinements of well-practiced astronomical ‘vision.” Perhaps
properly anticipating the full visual potential is the most important preparation of
all, as long as we do not end up with a mindset that ‘imposes’ details that aren’t
there. We would not willingly wish to become modern-day ‘Martian canal’ observ-
ers, after all.



Chapter 3

Dark Nebulae

Perhaps the most celebrated and revealing dark nebula of them all, B33, the
Horsehead Nebula in Orion (Fig. 3.1, above), evokes the essence of these
clouds — dark, dusty, swirling gaseous expanses, looking almost like thick
smoke from a newly ignited brush fire. These dark clouds might seem to be the
destroyer of all things in the universe, but instead, in a complete contradiction to
their appearance, it turns out they are the driver of galactic evolution.

Dark nebulae, central to this writing as the most immediately obvious of all
cosmic dark places, would naturally be the most significant part of any study of
celestial dark objects. To the uninitiated, these regions might seem quite uninterest-
ing — merely starless regions. It is all too easy to overlook the fact that the dark
interstellar matter that comprises them is part and parcel of the majority of all dark
subjects we will observe. You will already realize that galactic dust belts, lanes in
open star clusters (those seen in globular varieties are presumably of a different,
though possibly related form), some of the most interesting features in illuminated
nebulae, even occasional dark detail in planetary nebulae, are just other manifesta-
tions, conglomerates of the same thing. Certainly the place of dark nebulae in the
ongoing evolution of the universe cannot be underestimated, and so, we will
attempt to get to the crux of all they mean to us as observers.

Conceptually, at least, dark nebulae are relatively straightforward to understand,
since there is little controversy about them, their role, or what their makeup
constitutes, and they are found throughout in a large proportion of most types of
galaxies. (The one notable and consistent exception to this is elliptical galaxies, old
structures that used up the matter of their dark nebulae eons ago; see Chap. 5.) The
largest local examples in the Milky Way may even be detected without a telescope,
such as the huge Pipe Nebula in Ophiucus (see later this chapter), the totality of
their expanse obscuring some of the brightest regions near the central core of our
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Fig. 3.1 The Horsehead Nebula, B33 (Courtesy ESO)

own galaxy. However, such individual spectacles correspond to only small parts of
the great dark bands (dust belts) that surround many galaxies.

By these same determinations, the Pipe Nebula is no exception, as it is merely
part of the vast dark belt surrounding our own Milky Way. Other dark structures
within our own galaxy are frequently far more esoteric, much smaller and finer
than the main components of the dust belt, their relative diminutive size being
the reason, of course, why their counterparts are not observable outside our own
system.

While we only see these nebulae because they are silhouetted against brightly
illuminated nebulae, in this respect, we will find that dark and illuminated nebulae
are often completely interconnected. Although the Horsehead Nebula appears to be
a complete entity unto itself (it is actually just a tiny feature within the greater
Barnard’s Loop), it is silhouetted against a bright nebulous region, to which it pre-
sumably belongs. Regardless, Barnard thought it sufficiently independent as a
feature that he awarded it a separate designation.

In their purest and simplest form, dark nebulae appearing in isolation (external
to illuminated nebulae) remain among the most delicate and difficult objects for
amateurs to observe, more often appearing to be merely sparsely populated star
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fields. In most instances, they strike less dramatic poses than do most other celestial
sights, but some do reveal a clear presence nonetheless, with straightforward
outlines. In the cases of dense, or large and expansive examples, these outlines may
be more readily traced to their full extent — as long as conditions favorable to seeing
them permit.

It is fortunate that the bulk of them lie in the bright galactic plane (refer again to
Chap. 1), because it is only this placement, of course, that makes it possible to see
any of them at all. If galactic structures were any different, we would probably have
had to accept that dark nebulae were beyond the scope of normal observations,
which would be a pity indeed, since these nebulae hold the keys to the future of the
galaxy. Fortunately, we can relish the opportunities we have to look at these places,
often being able to see various stages of creation taking place within them.

So, despite not being the easiest deep space objects to see, the rewards of doing
so are considerable. Luckily, many dark nebulae are prominent enough to be imme-
diately obvious when set against sufficiently bright backgrounds, likely to be star
fields, or illuminated portions of the very (once dark) nebulae of which they may
be a part. In some cases, isolated dark galactic nebulae are so dense that they appear
like holes cut into the space fabric. It is not surprising that this had been the
deduction of most, if not all, observers of earlier times — in a historical context
surprisingly recent.

We should remind ourselves just how young the science of modern
cosmology — as pioneered by Hubble — actually is. The dark nebulae of the Milky
Way have long been familiar to astronomers, even though they were not sure what
they were actually observing until well into the twentieth century. It took modern
telescopes to show they were not actual voids in space; certainly most dark nebulae
look like voids upon casual inspection, or even with detailed examination in a good
telescope. Thus with the equipment and the state of the art in astronomy of the time,
one can easily understand the misidentification.

Even the legendary E.E. Barnard (of the late nineteenth and early twentieth
century, one of the keenest observers ever, and who will forever be associated with
dark nebulae), was among those at first perplexed by what he saw in these apparent
voids. Although he believed early on that some of them represented something
other than gaps and spaces in the stellar fabric, he did originally think many were
true voids. It took more sophisticated photographic methods and ever-grander
telescopes to settle the argument once and for all. Ultimately, Barnard became the
leader in a field that went on to add many other disciples, having been the only
observer at one time sufficiently intrigued by what he saw to produce a catalog of
the dark nebulae. This catalog is still famous and in use to this day. Barnard had
finally concluded correctly the consistent gaseous and dusty makeup of dark
nebulae.

Barnard’s celebrated list encompasses virtually all the major observable
examples, as well as more than a few that are challenging for live viewing, being
mainly photographic objects, even for large instruments. However, and signifi-
cantly for our purposes, in the northern hemisphere and much of the southern, all
of those visible in amateur scopes will be found in his catalog. So although not all
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of his dark nebulae make for ready live viewing, Barnard’s catalog remains the
main list, first and foremost, for anyone interested in the subject. Those dark nebu-
lae in his catalog still carry the designations ‘B’ before the number he assigned to
each one of them, and as such are as easily identifiable as Messier, or NGC catalog
numbers. We should bear in mind that the number of dark nebulae interconnected
and weaving among illuminated examples is quite significant; some, but not all, of
these dark components also fall into Barnard’s catalog. (Perhaps the astute observer
will be aware that some of Barnard’s prominent dark nebulae are not listed in the
reference listing at the end of this chapter. The reason is that these appear as part of
larger illuminated nebulae; see Chap. 4.)

However, Barnard’s catalog represents only a fraction of all those structures
discovered and cataloged since, and categorized — one way or the other — as dark
nebulae. Noted South American astronomers Eduardo Bica and Carlos Dutra (at the
University of Sdo Paulo, Brazil) compiled a far larger listing from multiple sources
with a total in excess of 5,000, although needless to say, the vast majority of these
objects will not be accessible even to the advanced observer.

Even for such an early catalog as Barnard’s, the extent of it is remarkable. Many
of his nebulae are extremely small, or insufficiently dark to be readily visible, and
one may safely assume that these were strictly photographic nebulae for Barnard as
well. Also they may be too inconspicuous to be seen in all but the lengthiest of time
exposures, and with larger telescopes than most observers will ever dream of
owning.

The reason for the disparity of sizes is not always coincidental but is also due to
different stages of evolution of these clouds (more later). With Barnard’s nebulae
all belonging to the Milky Way, however, many remain possible to see readily with
only moderate means, with maybe only a third of them remaining completely
beyond the capability of live viewing in most instruments; these should be consid-
ered subjects for imaging. However, we should not expect to find most of these
nebulae as straightforward as other deep space objects; many will stretch the view-
ing skills of the most seasoned observer. And naturally, because these nebulae exist
within the galactic thin disc itself, most lie in that plane among the richer star fields
and are not simply scattered throughout the sky (the galactic halo); this bright back-
ground makes seeing them possible.

Whereas the cloud-like interstellar matter — dust and gas — found in galaxies (with
at least some spiral structure) is plentiful in loose formations throughout most of
the galaxies’ thin discs, it exists most especially within the spiral arms. Despite the
tenuous nature of dark nebulae, they are so vast that there are, in fact, stupendous
quantities of this matter in most galaxies — so much so that it would dwarf the mass
of our ‘little’ Sun by countless millions, maybe billions, of times. Thus this matter
is an abundant resource for continued and long-term star creation. However, some
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speculation remains whether any interstellar matter, or any other at all matter exists
between the arms. Although it seems that some amount of it may be capable of
passing through the arms and into the space between them, we do not see star for-
mation taking place there. We must therefore assume it is too rarified, as well as
lacking catalytic action from shock waves (see below) from the various life cycle
and other processes of surrounding stars. However, there are examples of galaxies
where the regions between the spiral arms do appear to be unusually dark, although
further evidence would be needed to confirm the suspicion.

These dark clouds are extremely cold places to be sure, with inner temperatures
so low that no normal prospect for any physical changes seems remotely possible.
This means that some special processes will have to take place, particularly the star
formation we associate with them, for any transformations to occur. Considering
that the mean temperature of the greater cosmos is close to absolute zero (which
theoretically does not exist because background cosmic microwave radiation
ensures that it will remain at a ‘toasty’ —270.27°C), the average temperatures deep
within most dark nebulae would not be significantly higher. We can project that
typically they have temperatures ranging from a mere —258°C to —266°C. In each
dark cloud, such low temperatures occur because the dust component blocks out
external radiation from any nearby stars that could provide warmth, with any that
might escape being of the distant far-infrared spectrum, with wavelengths of not
more than between 40 and 400 1. However, this still corresponds to extremely low
temperatures, which are virtually undetectable except by advanced measuring
systems.

Although exact distances and dimensions of individual dark nebulae are hard to
determine, we can usually tell which clouds are relatively close, simply because, by
default, the more distant ones will have stars appearing increasingly in the fore-
ground. However, it has been possible at least to determine that some dark nebulae
are truly vast, sometimes covering expanses in excess of 100 light years across.
These expanses are held in a form of suspension against sudden collapse by their
own magnetic fields, in a delicately stable (but usually only temporary) balance
against the mighty forces of the very gravitational forces that holds them together.

These internal gravitational forces are not unlike the electrostatic attractions of
small materials to form larger ones, somewhat akin to that of the spontaneous gath-
ering of ‘dust bunnies’ in your home — or astronomically speaking, the formation
of planetoids from leftover dust and rubble. Individual nebulae within the greater
whole usually exist as ill-defined shapes, sometimes formed into vast separated
twisting and narrow shapes, such as winding strands and lanes, with extremities
often drawn out into tentacle-like fingers of light-blocking matter. Although it is
difficult to postulate why the frequently characteristic serpentine-like shapes of
these nebulae form (indeed, there seems to be not much in the way of discussion of
this), it would seem that it may be due to the same structural gravitational pulling
of the galaxy — itself, typically drawn into an elongated structure in its own right
with the stars being aligned along a relatively flat plane (the galactic thin disc);
perhaps the effects of winds formed during star creation are also contributing fac-
tors. Gravitational forces alone do not seem to explain, however, the tendency of
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fine filaments of dusty matter rising (or falling) perpendicular to the axis of certain
galaxies, something very much true of the dust belt surrounding the Milky Way.
Observations of such perpendicular formations in galaxies, and notably within
NGC 891 (via the Hubble Telescope), have prompted new research for an explana-
tion (see Chap. 6).

However, gas and dust are only approximate terms for what the dark clouds actu-
ally are, since they are certainly nothing like those we are used to seeing in our
Earthbound environment — the dust component not being comparable to something
gritty to be swept up off the floor! In the deepest and darkest portions of the clouds,
hydrogen exists in large quantities, but also helium and many other complex gaseous
compounds of nitrogen, oxygen and carbon (as CO, or carbon monoxide) can be
found in measurable amounts, as well as ammonia, and even water constituting part
of their complex makeup, and trace compounds of numerous ‘metallic’ elements.

Most of the dust component, so-called ‘ash’ by-products left over from certain
classes of dying stars (as they become planetary nebulae and shed material) consists
of ultra-fine particles of silica and carbon compounds, along with some sodium,
magnesium and iron. The internal temperatures are so low that frozen molecules of
some of the gases quickly coat the dust particles of the cloud. However, it is only
the dusty component, not the gas, that blocks visible light, especially that which
falls within the blue portion of the spectrum; thus it functions as a light filter of
sorts. Therefore, it is not surprising that many color images of these structures show
stars at the fringes of the nebulae appearing red in coloration, since light of this
wavelength is less prone to absorption. However, the sheer volume of large dark
nebulae, or the density of highly compressed smaller ones, prevents any visible
wavelengths of light at all behind them from penetrating, and they appear like black
voids in an otherwise illuminated space fabric. These nebulae, which formed after
having attracted sufficient quantities of similar material to form into substantial
structures, have a future in common that many of them may have shared in the past,
as the nebula-generating properties of vast numbers of old stars is an ongoing pro-
cess in the galaxy.

While the clouds may have existed in a kind of equilibrium for a long period of
time, ultimately, however, dark clouds with sufficient mass may begin a slow col-
lapse, signaling the beginning of a chain of events and a new cycle of stellar cre-
ation. This collapse is triggered by several possible causes, all of which produce
variations in the internal pressures of the cloud:

* Shock waves from cataclysmic events, especially supernovae, novae, or even
nearby stars as they become supergiants.

* Variations in gravitational forces that occur all the time as stars and dark nebulae
intermingle.

* Interstellar winds, sufficient to cause potentially pressure changes for collapse
to begin.

* Increases in radiant energy from passing stars, which may also be the catalyst.

Thus, any or all of these influences can cause sufficient changes to the internal
gravity of these dark clouds, often enough to overcome their internal magnetic
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fields and allow that very internal gravity to take hold. The by-product of all of this
is the formation of unevenly dense clumps of the dusty and gaseous matter. As the
density of this increases, chemical changes begin to take place internally, as these
clumps are now on the way to becoming what is termed ‘molecular clouds’:
smaller, much more dense clumps of gas and matter that take on the predominantly
molecular composition of ionized hydrogen, better known by its chemical term HII
(the key molecular hydrogen component that may be made iridescent by hot young
stars in their midst).

Of varying intensities of blackness, sizes and shapes, the dusty makeup of these
molecular clouds often results in dramatic ‘star-extinguishing’ effects, as they read-
ily absorb the light of more distant stars or luminosity when they are condensing
into compressed forms. The volume of the ‘second stage’ compressed interstellar
medium is very small relative to the total, but perhaps as much as half the mass of
the total reservoir is accounted for by it, showing the degree of compression that is
taking place. Despite the fact that the same elements and compounds as before still
exist together, astronomers are able to determine which clouds are, in fact, true
molecular clouds; these appear quite distinct with spectroscopic analysis.

As we move away from the galactic core, by the time we reach our own Solar
System, this molecular matter is barely in evidence. Most of it exists closer to the
core, and in an even shallower plane than the already near flat galactic thin disc (see
Chap. 1, Fig. 1.5). Molecular clouds are not all of small dimensions; indeed, they
can also appear in huge sizes. The degree of final compression will be so great that
they may have much further to go, as many small clouds were once vast, even
though some are of significantly greater total mass than others. They are already the
result of considerable compression. Because heat is increasingly radiated outwards
from and by the increasingly dense dusty component of the cloud, some of the
energy is thus removed from the total mass while it evolves into ever-higher densi-
ties. Acting much like the action of refrigerator coils, this further cooling of the
cloud allows, in turn, further contraction of the entire region.

Scientists term the increasingly dense clumps of matter ‘evaporating gaseous
globules,” or EGG’s, a key condition essential for the interstellar matter to be
capable of fostering stellar life. Radiant energy now escaping falls into the mid-
infrared spectrum, essentially at around 5-40 p, so we can see that the previously
sub-frigid temperatures have fully ‘thawed’ (in Earthbound perspectives it would
be considered hot); the dust in the clouds now is beginning to glow with infrared
radiation.

Finally, however, internal equilibrium can no longer be maintained (when fur-
ther external influences take place), and an implosion of matter takes place as the
dense central portion of the individual clumps collapses rapidly inwards, forming a
relatively small hot core. This then becomes heated by further contraction under its
own gravity until the resulting compression creates sufficient internal heat to form
a ‘protostar.” With the exception of those that lack sufficient mass (these become
pale brown dwarfs, since they are too cool to develop into adult main sequence
stars), the point of no return has been reached: it is now too late to prevent further
collapse and the subsequent inevitable creation of a stellar nuclear powerhouse.
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Fig. 3.2 B68 (Image courtesy VLT ANTU & FORS1/ESO)

Infant protostars may reach temperatures at their cores of as much as a million K.
For dark nebulae, in an analogy to “where there is smoke there is fire,” wherever
there are microwave emissions there is surely star formation happening at some
stage within them. We might have hoped that B86, the ‘Ink Spot’ (see ‘Observing’
section), or B68, (Fig. 3.2), both appearing like deep wells into an abyss and prime
candidates among molecular clouds for early stellar births, would reveal protostars
deep within. Although they are both undergoing early collapse on the way to pro-
ducing protostars, or even protostar clusters, given the obvious density of both of
these examples, recent infrared imagery has unmasked stars lying far behind them.
Thus, since they are not yet sufficiently dense, we can see that it is still too soon in
the contraction process for any such core to have formed and become superheated
into illuminated beacons of early stellar creation. The time scale of such beginnings
is truly cosmic indeed.

Over as much as hundreds of thousands of years (another drop in the bucket in
cosmic terms), young protostars draw in more of their surrounding dark molecular
clouds, becoming ever denser and hotter and finally evolving into adult stars. This
is the end product of the all-determining factor of the universe — the action of grav-
ity, perhaps better considered the bending of space/time by the mass of the matter
within it. Thus, former molecular clouds become intense, powerful energy generating,
fully fledged hydrogen-to-helium machines, just like our own Sun, with effectively
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contained nuclear ‘explosions’ held in check by their own powerful internal gravity
and producing huge quantities of heat by fission. However, now they produce less
actual light than that generated by the earlier protostars!

It is believed that, with most of the immediate surrounding gases having been
taken up in the creation of new stars, the comparatively cool dust component and
small amounts of unused gases surrounding them will become compressed and
drawn into relatively close orbit, ultimately to become the substance and rubble
necessary to solar system creation. Apparently, as this dust bonds into rocky lumps,
more recognizable forms such as asteroids, or even larger solid planets are the end
result; by the same token, leftover gases will condense to become gas giant planets,
such as Jupiter or Saturn. (Jupiter is considered to be a bit too small to have become
an independent brown dwarf star.)

Ongoing research seems to point to a considerable resemblance between inter-
stellar dust and matter we can still find within our own Solar System. However, the
larger apparent size of Solar System dust particles, relative to that believed to make
up dark nebulae, serves to keep the controversy alive, though perhaps they merely
point to the effects of ongoing normal gravitational attraction. Regardless, the the-
ory lends considerable weight to the link between all of the constituent parts of the
dusty components of galaxies and where it goes. This seems to be the only rational
explanation, although clearly much more research yet is needed to settle it.

Exactly how each star will mature and age, as well as revealing its own specific
curve of energy emissions, will depend critically upon its individual mass.
Meanwhile, as the development of the new star keeps continuing, further com-
pression occurs, but so, too, is an additional need for a more efficient way to
dissipate the resulting heat, if the further evolution of the new star is not to be
stopped outright. In a curiously beneficial coincidence, this is accomplished via
the generation of increasingly hot infrared radiation away from the now super-
heated dust component within the larger nebula cloud. The dust has now become
visible in the near infrared spectrum, at around 0.7-5 p, and temperatures of up to
5,000 K are now rising relatively rapidly. As the young star continues to draw in
more of the surrounding gases to build upon its expanding foundation, from our
perspective the entire process is nevertheless so slow it may appear to be in
equilibrium.

At this stage of star formation, the mean temperatures of the irradiated regions
may become as hot as the surfaces of some mature stars themselves, with typical
temperatures reaching as much as 15,000 K and more. Later stages of star forma-
tion result in the now hot molecular hydrogen HII component of the surrounding
nebula, which begin to fluoresce by the action of ion excitation. The once dark
nebula is now becoming transformed into an emission nebula. In the Milky Way,
there are numerous examples of the above processes occurring in large numbers
within most of the greater dark nebulae; larger and denser dark clouds are required
in order for actual clusters of stars to form (such as those open clusters of young
stars we see immersed within all the grander illuminated nebulae), as well as for the
formation of more massive stars themselves. This may result in the formation
of new open star clusters and large brilliant nebulae, jewels of the heavens.
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Some prime examples are the Great Nebula in Orion M42; the ‘Lagoon Nebula,
MS; the ‘Christmas Tree Cluster, NGC2264; or the ‘Keyhole Nebula,” NGC3372
(see Chap. 4). Cluster-bearing illuminated nebulae represent extremely fertile fields
of energized matter to be sure.

If we wish to see these nebulae, however, as long as large amounts of the dust
part of the cloud remain, it may make ready observations problematic; we can only
speculate on the number of unseen new starry regions of the Milky Way that we
may not yet know, despite ongoing infrared and other microwave research. Thus,
while many nebulae we may consider completely dark are already harboring stellar
formation, infrared radiation emanating from deep within them sometimes is able
to reveal whether star-forming activity is in fact taking place. Even though we can-
not see them in the normal sense of the term, formerly undetected subjects within
as well as behind these nebulae have been imaged by infrared and other non-visible
wavelength emissions. (Some far-distant galaxies have even been discovered in
modern times by this technique of peering through dark clouds of the Milky Way.
This technique has also allowed astronomers a glimpse at the very core of our Milky
Way Galaxy itself — a region obscured by some of the thickest dust clouds — the old
‘Zone of Avoidance’ of earlier astronomers). It should now be readily apparent that
this very light-obscuring region of the Milky Way, the much-maligned bad apple of
the old nineteenth century, turns out to have a most significant role to astronomers
and in the galaxy after all; its extreme density reveals a pivotal one if ever there was,
and we know now that considerable star creation is going on behind ‘closed doors.’
Without this scale of ongoing stellar evolution within the galaxies, they would have
little future as structures we recognize.

In extremely bright nebulae, well-known features called ‘Bok globules’ (after
the noted twentieth-century astronomer Bart Bok, who discovered and documented
them) are sometimes to be seen, set starkly against the illuminated backdrop
(Fig. 3.3). These small clumps of very dark condensed matter (actually small
molecular clouds) may be merely the extremely dense core remnants of far grander
dark nebulae, with much less dense outer parts, now used up in star creation. This
certainly seems the most likely explanation among several possibilities, including
the possibility that they are collapsed clouds of dark nebulae just about to become
protostars. More likely, it seems that the ‘globules’ have not had the opportunity to
become such stars in their own right because heat of the surrounding brilliant stellar
furnace has prevented them from experiencing further internal collapse. So, as they
apparently hang in the ultimate stellar conundrum, a true cosmic ‘Catch 22, they
await their demise, ultimately facing final annihilation by the intense heat all
around them.

The role that dark nebulae play, and the processes of transformation that they
undergo, is thus key to understanding what takes place on a grander cosmic scale.
Little, it seems, in space exists in isolation and is unaffected by anything else.
With this cycle of stellar evolution we can see how the most significant part of all
that has made the universe what it is has kept it a work in progress, in a state of
constant change. Since even a constant climate is also unknown on Planet Earth,
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Fig. 3.3 Hubble space telescope image of Bok globules in NGC 281 (Courtesy NASA,
ESA & the Hubble Heritage Team [STScl/AURA])

and apparently also unknown on the other planets of the Solar System, astrono-
mers have long understood the transitory nature of all things; most people see
Earthbound changes only within their own life spans and likely do not know or
contemplate possible developments on a cosmic scale. Ongoing variations of
Earth’s orbit (axial tilt and the Milankovitch theory), the possibly significant role
of possible variations in the output of our own star, the Sun, even possible starburst
effects (admittedly slight) from absorption of dwarf galaxies into the Milky Way
may impart to the Sun could have an influence. And of course there are the influ-
ences of the far mightier, perhaps some unknown, processes of the greater uni-
verse itself.
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Online Reference Materials

Much information on these nebulae as well as useful images may be found online;
some of it dates from long ago, but the recorded observations are no less valid
today. For observers it should come as no surprise that much of Barnard’s research
is still useful. Some examples of what is available is given below:

1. Aninvaluable on-line reference for many of Barnard’s actual photographic plates
and observations, along with detailed descriptions and identifications, may be
accessed at http://www.library.gatech.edu/barnard. These photographic plates,
while poor by modern standards of imaging, were what led the field of research
on these objects.

2. The complete Barnard’s Catalog in numerical sequence may be accessed at
http://dvaa.org/AData/Barnard.html, with excellent descriptive data collected by
Al Lamperti. This is perhaps the best resource for the practical observer.

3. A further definitive resource may be found within the historic record of the
American Astronomical Society, via SAO/NASA Astrophysics Data System
(ADS). This site has provided Barnard’s own published notes on his findings in
1919, covering those dark nebulae he had identified up to that time — “On the
dark markings of the sky, with a catalogue of 182 such objects” may be down-
loaded at: http://adsabs.harvard.edu/full/1919Ap]J....49....1B.

4. However, even more significant and valuable for the observer must surely be the
remarkable paper dating from 1930, “Visual Observations of Dark Nebulae” by
W. S. Franks and available to download from the same invaluable SAO/NASA
archives at: http://adsabs.harvard.edu/full/1930MNRAS..90..326F. This docu-
ment covers most of Barnard’s catalog with detailed descriptions for each object.
Collectively, one might only wish that such papers were readily available for the
many other categories of dark astronomical subjects!

5. Another, more general but highly informative website, http://astroshed.com/
milkymap.html, features an interactive black-and-white photographic chart with
all of the greater dark regions of the Milky Way clearly showing, along with
labeling of the constellation borders. Featuring numbered references to many
prominent objects directly superimposed on the chart in a panoramic image, one
may click on a number, and the identity of the nebula is displayed at the bottom
of the page. Though limited in scope (only the most prominent nebulae can be
shown), the site nevertheless provides a valuable general reference, and it may
help put the entire dark belt of the Milky Way into better perspective for those
new to this kind of sky chase.

Dark nebulae of the Milky Way bring their own set of observing problems, dis-
tinctly different from those we encounter with most deep space subjects, simply
because most do not stand out sufficiently starkly against the background glow with
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the same distinctness of illuminated subjects. Their diffuse nature tends to make
them blend into the surroundings, and their outlines are often hard to spot, let alone
discern. Coupled with this, the large sizes of many make them often too large to fit
within the fields of view of even moderately low powers.

It might seem that these shadows of the sky would do better with astro-imaging
than direct viewing; indeed, many of them do. Nevertheless, we should not be
deterred, since a sizable percentage may be observed at the eyepiece successfully,
as Barnard showed us and documented accordingly. Although we may not consider
ourselves to be budding Barnards, because of the landmark work he did we do have
the benefits of knowing where to look and what to look for, plus the advantages of
modern equipment and accessories. We also understand better the nature of what
we are looking at.

The use of image intensifiers or CCD video cameras will be found to be very
effective for these subjects. When wide field views are needed, one outstanding
application consists of attaching a low or non-magnifying primary component to
the device and simply pointing it skywards (Collins Electro Optics can supply
one to fit their own image intensifier eyepiece). The highly contrasted views of
dark nebulae (and many other things) — all over the place — will be enough to
convince anyone of the unique value of image intensification, as long as you can
be persuaded to try one in the first place! Such assemblies of image intensifier,
primary lens and camera are easy to attach to the sides of most decent-sized tele-
scope tubes. For smaller dark nebulae, especially molecular clouds with very dark
characteristics, image intensifier devices may also be well utilized in the main
telescope focuser itself, and work as well as any conventional eyepiece. But
remember, such weighty assemblies will considerably alter the balance of any
mounted telescope.

The Great Rift and the Cygnus Rift

We will start by spending some time with the greater collective dust belt of the
Milky Way, better known as the Great Rift. This celebrated region of the Milky
Way received its name due to the vast clouds of folding and twisted dark interstellar
matter that appears to split the galaxy in two parts, containing most, if not indeed
all, of the cataloged individual dark nebulae. Although only representing the seg-
ment of matter as seen from our perspective in the galaxy (that part that blocks the
light between the core and the Sagittarius Arm in which our Sun is located), it
provides a good impression of our galaxy as it would appear from this side of it,
were we located far away in space.

Seeming to originate in Cygnus, the Cygnus Rift region contains some of the
most interesting sights in Northern Hemisphere skies, as well as one of the brightest
regions of stars, known as the Cygnus Star Field. Best viewed with very low mag-
nification, or none at all, the Cygnus Rift is a broad and contrasting star-studded
dark belt, clearly visible without any optical aid at all in clear dark skies. The entire
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Fig. 3.4 The heart of the Cygnus Rift: the region within the ‘cross’ of Cygnus (AC: composite
of two video frames)

belt of the Great Rift contains enough matter to generate millions, and probably
billions, of stars the size of the Sun, as it works its way through the center of the
galaxy via the core region (where it is revealed most dramatically), and extends as
far south as the constellation Centaurus. Unfortunately some of this southern exten-
sion remains below the horizon for many Northern Hemisphere observers. The
image in Fig. 3.4 was taken with an image intensifier and a non-magnifying pri-
mary attachment; resolution within such short, single video frame exposures
(1/30 s) is limited, but the panorama is quite effective, and well representative of
live views through the assembly.

Large Dark Nebulous Regions Along the Great Rift

Because the most conspicuous dark nebulae obviously lie close to the brightest
portion of the galactic plane — in the densest part of the galaxy and closest to the
galactic core, the majority of most readily observable examples of the Great Rift lie
in Southern Hemisphere constellations, notably Sagittarius, Scutum, Scorpius and
Ophiucus. With their vast reserves of dark nebulous matter, we would naturally
expect these regions of dense interstellar matter to be the most productive in star
creation. Certainly there seems to be no shortage in this region of dense star fields
and new open clusters at many stages of evolution. Other regions also may have
similar attributes, but none so intensely striking as these. Smaller dark nebulae
within these regions of sprawling dust and gas reveal ongoing condensation into
ever-denser matter, and as such may already be harboring new stars that may not be
directly observable.
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In Scutum alone we see much interstellar matter, appearing loosely and winding
throughout the star fields, as well as the presence of rapidly condensing molecular
clouds. Two such clouds are B95 and B312, which lie close to the galactic plane,
of which particularly celebrated is B312, a striking arrow-shaped nebula, quite
dark, dense and pointing north. In Fig. 3.5, another wide-angle video frame, we can
not only see these nebulae but appreciate their relative small scale in comparison to
the greater nebula fields. We can also readily locate and observe many other dark

Fig. 3.5 (a) B95, B312 and other dark nebulae in Scutum (AC). (b) (1) B95: a small region of
deep blackness and rapid contraction; this cloud is thought to be largely comprised of condens-
ing interstellar medium, prevalent in molecular HII. (2) B 312: a highly celebrated dark nebula:
a molecular cloud appearing like an arrowhead against the starry backdrop. This nebula can
withstand moderate magnification, is dark and is clearly defined, again a region of rapid con-
traction being transformed into matter capable of star formation in the relatively near future.
(3) B314: striking dark rift adjoining other dark nebulosity, very typical of many similar strands
of dark dusty matter throughout the Milky Way’s dust belt. (4) B97: A larger, dark, but Ill-
defined region deep in the clouds of interstellar matter. (5) B103: a dark swath cutting across
the stellar fabric
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Fig. 3.5 (continued)

nebulous regions, including B103, B97 and B314. As is typically the case,
precisely where one nebula starts and another begins is quite vague, since many are
interconnected.

You will notice many ‘rifts’ of dusty matter extending at near right angles to the
main rift in this image. This is quite normal to the Milky Way and a common occur-
rence within the galaxy.

The ‘Pipe Nebula’ and Other Dark Nebulae in Ophiucus

No less impressive than the previous region of the Great Rift is that part of it located
within Ophiucus. Once again, because of its proximity to the galactic core, this
region is literally jammed with dark nebulae in every direction. A large complete
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entity, and probably its most famous member, is the ‘Pipe Nebula’; its additions
(often called the ‘Horse and Rider’) actually comprise several dark components
(notably B65, 66, 67 and 256, often cited as sub-nebulae). But only two main nebu-
lae make up the famous pipe itself — B59, the stem and the bowl, and B78, which
is an area of extreme density, long and narrow, typical of many dark nebulae. The
image (Fig. 3.6) below illustrates well the tangle of dark matter that weaves through
this part of the galaxy; to the right is the part of the Great Rift (see below). By now
the somewhat vague outlines of these nebulae should be becoming increasingly
obvious.

Fig. 3.6 (a) The ‘Pipe Nebula’ and environs in Ophiucus (AC). (b) (1) B59: the long, straight
stem of the ‘Pipe Nebula.’ (2) B78: the bowl of the ‘Pipe Nebula,” a very dense focus of the
entire region, and one of the darkest larger dark regions in the Milky Way. Surely a region of
rapid contraction and ultimately has great potential for new star formation in the foreseeable
future. (3) A prominent part of the ‘Great Rift’ that divides the galaxy (see later). (4) B77,
B269: parts of the rider of the larger ‘Horse and Rider.” (5) B268, B270: the horse’s head of the
‘Horse and Rider.’” (6) B79, B276: smaller separate dark nebulae. (7) Location of the ‘Snake
Nebula’ B79 (see below), too small a feature to show on this frame
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Fig. 3.6 (continued)

B72, the ‘Snake Nebula’

B72, the ‘Snake Nebula,” referenced above, is an example of a condensing molecu-
lar cloud. Reasonably sized — covering an area of almost 40’ — this rather startling
dense nebula may be found winding its way through a corner of Ophiucus in the
star-packed region we have just examined in macro scale. Appearing as a narrow
dark channel with curious near right-angle turns, the thickest and most prominent
section appears in the lower right of Fig. 3.7. The remainder, which would represent
the head and tail, may be harder live visual targets, but the nebula is one of the more
celebrated sights among dark nebulae, especially to see for oneself at the eyepiece.
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Fig. 3.7 B72, the Snake Nebula (AC)

Low to moderate powers will prove best, but as always with dark nebulae, only use
the minimum power necessary; higher powers than needed will only dilute the
contrast. When in the vicinity, it may be worthwhile trying to spot four other small,
more typically shaped molecular clouds — B68, 69, 70 and 74 — close by, lying in
an arc formation, unfortunately out of the frame but located beneath the lower
extremity of the image here. Of those, B68 is the most significant and most easily
sighted in live viewing (see Fig. 3.2).

B86, the ‘Ink Spot’

Within the larger dark nebulous regions we can expect to find many examples of
smaller, denser dark nebulae, their blackness depending on the degree of compres-
sion that has taken place. Accessible in the Northern Hemisphere, the ‘Ink Spot,’
B86 in Sagittarius (Fig. 3.8), is one of the finest examples we will find of a small
rapidly condensing dark cloud. Because of the nature of these objects, other molec-
ular clouds may prove challenging, since their visibility depends upon (a) their
density, and thus the degree of darkness, and (b) the amount of back illumination.
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Fig. 3.8 The ‘Ink Spot,” B86 (AC)

Obviously, even the densest cloud will not be visible if nothing bright lies behind
it. B86, appearing unsurprisingly near an open cluster (NGC 6520), seems to
emerge from the trail of dusty matter left over and adjacent to it. The cluster shows
that this region has had a very active history with molecular cloud material, now
used up in star creation. Appearing as an endless anvil-shaped hole plunging into
the abyss (as does the equally famous ‘Coal Sack’ of the Southern Hemisphere), it
is quite easy to see in clear transparent skies and shows well with medium low pow-
ers. The view here is quite typical of those through moderate apertures in good
conditions. We could argue that the trail of dark nebulous matter lying directly
under the image of the cluster represents something akin to dark lanes in open
clusters, if not exactly fitting the description. This, again, is a video frame, remark-
able in itself and taken through the main focuser of the telescope.

The dark nebulae of the Milky Way remain frequently ignored by too many
observers; however, as shown here, they may represent some of our best and most
significant viewing potential. The realization, with these sights, that we can observe
creation taking place, rather than dismissing them as unimpressively vague objects,
may be sufficient to spur the observer on.
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The list of dark nebulae below represents a good cross section of many of the best
examples to observe. While not in any way intended to be complete, it is compre-
hensive and varied, including limited but appropriate observing information for
each item. Unfortunately, some of these nebulae might seem less interesting visu-
ally, a conclusion one could reach as reflected by the shortage of imagery for a
proportion of them. To this end, we owe a special debt to Martin Germano, dedi-
cated observer and astro-imager, who (using equipment much in line with many
users of this book) has steadfastly and skillfully photographed dark nebulae for
many years and has shared so much of his work online; without his superlative
efforts, we would have no good reference images online for many more of these
objects. It will be found that some of these nebulae are quite startling to behold and
well worth the effort to locate and observe, although one needs dark transparent
conditions as the primary consideration.

Each object is listed with, where applicable or available, its catalog number first
(NGC or other), its magnitude next, followed by object rype, a short description of
interesting features in parenthesis, angular size, coordinates, and the constellation
in which it can be found. Below each object is a link where the most suitable
reference image may be found online, if available, together with brief comments
regarding the image(s).
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Chapter 4

Dark and Dusty
Regions

in Bright Diffuse
Nebulae

For observers, diffuse nebulae offer some of the most glorious sights available
throughout the entire visible universe. Essentially vast, brilliantly illuminated fields
of gas and dust, they are the indirect result of what may have seemed an unlikely
transformation of the once dark interstellar medium (Fig. 4.1).

By default, virtually all of those that are observable belong to our local galaxy,
since others are far too distant to be readily available to observers. One notable
exception, of course, is the ‘Tarantula Nebula, NGC 2070, within the Large
Magellanic Cloud, which in essence belongs to our local system; next in line, NGC
604 lies within another spiral galaxy, M33 in Triangulum, the nearest galaxy after
M31 in Andromeda. Although this is a truly huge nebula to be sure, it is neverthe-
less too distant to be viewed, or even imaged in any meaningful way with typical
equipment.

The definition of ‘diffuse nebulae,” of course, covers a wide range of spectacles,
but typically what first comes to mind are those vast expanses of illuminated,
twisted and woven shapes that stud the celestial fabric in fantastic and brilliant
forms. However, aside from uneven distributions of matter and whatever stars are
within them, it is mostly the existence of dark and dusty material (in varying
degrees) that renders their appearance so astounding, many looking more like
folded curtains, capes, and other features, or figments of the imagination, than their
true reality. It is all too easy to overlook the fact that more than one variety of
nebula frequently makes up the whole — at least as far as the most spectacular are
concerned, and it is also fair to add that they are only further enhanced by the pres-
ence of deeply embedded hot young star clusters, something common to all the
most spectacular examples.

We have already reviewed how the molecular hydrogen component (HII) of
once-dark clouds of gas (nebulae) in space becomes visible when illuminated by
the radiant energy of nearby hot young stars (which turns them into emission
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Fig. 4.1 Dark nebulous clouds within the brightly illuminated ‘Omega Nebula,” M17 (image
courtesy NASA and ESA)

nebulae). When favorable quantities of star-forming matter are present these stars
are frequently grouped with others into new open clusters. You may also be familiar
with the process by which some regions of localized dust and gas are made visible
merely as a result of reflected starlight. This light, in the blue part of the spectrum,
is a predominant wavelength of the new stars, and thus it is hardly surprising that
much of this light is available. Because the blue region of the visible spectrum is
most readily diffused and scattered, it is the characteristic of this wavelength that
makes reflection nebulae visible. Completing the picture, and actually tending to
define it, remnants of unlit gases and dust create the all-important visual illusion of
depth and complexity. Although such nebulae are indeed deep and complex from a
physical standpoint, the apparent twisted forms they seem to take is more illusory
than reality — after all, we have no means to see dimensionally across such vast
distances of space. However, among illuminated diffuse nebulae these defining
ingredients, and the precise ways that they are intermixed, are the keys to forming
our best observational subjects.

Thus, as part of every magnificent illuminated nebula, we will usually see emis-
sion, reflection and dark nebulae components. Different viewing techniques and
accessories will often emphasize one type, sometimes at the expense of at least part
of others. For our purposes in this writing, however, it is specifically those regions
of dark unlit or partially illuminated matter within these nebulae that will command
most of our attention — the factors that contribute so much to give the nebulae the
form and spectacle we perceive. It is this unique blend that makes up most of what
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is so magical in such awe-inspiring sights as the ‘Great Nebula in Orion,” M42, the
‘Eagle Nebula,” M 16, or the ‘Omega Nebula,” M17 — revealed to us not only by the
dazzling energy of many new stars within them but probably even more by what is
not illuminated by that energy.

Although there are also plenty of nebulae exclusively of one type, this usually
results in less interesting visuals. A few of those, however, rank among the grand-
est, at least from an observer’s perspective, the result of fewer temperature extremes,
with stellar winds sculpting the scene. Logically, such nebulae tend to be smaller in
size, too. Molecular clouds are far from consistent in texture and distribution, and
this, of course, has much to do with the way each nebula appears. Because the exact
proportions and placement of the primary ingredients of the nebulae have much to
do with the range of light wavelengths reaching us, their appearance differs greatly
from example to example.

It is easy to overlook these important factors within illuminated nebulae that
further sculpt the spectacle before our eyes. In addition to the effects of visible
light, radiation and heat created by new stars, are types of interstellar turbulence —
winds that can cause ‘bubbles,” or compressed ‘walls’ of gas, and numerous visible
signs of cosmic ‘shock’ that ultimately influence many of the twisting folds we
observe: true celestial artworks in progress. The dark cocoon of gas surrounding the
cluster NGC 2244 deep within the ‘Rosette Nebula’ complex in Monoceros shows
us the very forces of interstellar winds, as the gases surrounding the cluster are
being pushed outwards to form what we see as the center of the ‘rosette’ itself. Note
also the very fine dark and spidery lanes in the inner illuminated ‘ring,” as well as
the extremely mottled nature of the entire nebula itself. However, do not expect to
see all of these fine details at the eyepiece (Fig. 4.2).

We can also detect other processes within some illuminated nebulae, too. Many
of the fine streaks detected in them are actually the luminous expulsions of matter
from very young stars still buried within the still dark structure; these are known as
‘Herbig-Haro objects,” after the astronomers who finally unlocked the code to how
they were formed. These fast-moving streams of matter, from jets of gas emitted
from the poles of stars of more than two solar masses, become luminous by the
resulting pressure of their collisions with the surrounding dusty matter. They are
also one of the factors that help to clear the region of remaining gas and dust, some-
thing regularly seen around many new stars. Once again, it is the HII component in
these formations that makes them visible, although it will be infrequently that we
actually sight such a delicate object in the eyepiece; they are almost exclusively
photographic in nature.

And we must not overlook the consequences of sudden and dramatic events,
such as supernovae, that may trigger visible waves of gas compression and may
lead to star-making activity. With yet another form of radiant energy, just the heat-
ing processes of stars within some of them may also cause portions of the interstel-
lar dust itself to emit infrared light, compared to the ion-excited luminescence of
HII gases. Although not occurring within normally visible wavelengths, (as you
may recall from Chap. 2, image intensifiers can render it so), especially those fre-
quencies closer to radiant light. We should thus readily appreciate how orbital
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Fig. 4.2 The Rosette Nebula (image based on data obtained as part of the INT Photometric
H-Alpha survey of the Northern Galactic Plane, prepared by Nick Wright, University College
London, on behalf of the IPHAS collaboration)

telescopes designed to view wavelengths far outside those normally visible may
capture significantly different appearing images of familiar objects, often to the
extent that they are unrecognizable.

Pure reflection nebulae are gentle by nature and not the hothouses of new star
formation that emission nebulae are, nor are they made visible by any reactive
activity of their own making. Quite cold in temperature, they are likely to be more
subtle in luminescence than those of emission types. In contrast, the high tempera-
tures of emission nebulae also make them very strong in the red and infrared part
of the spectrum.

For those enthusiasts of color imaging, other fundamental elements may also
be present in the mix of the great nebulae, adding further colors, or at least traces
of them, as can be seen in most color CCD time exposures of them. For example,
when the radiation of nearby stars creates double ionized oxygen, the gas gives off
a characteristic green hue, resulting in prominent spectral properties responsible
for those infamous ‘forbidden lines’ of antiquity — the dark spectral lines that
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could not be explained by scientists of the time, and explained away by the
hypothetical element ‘nebulium’ (see Chap. 7). With the grandest spectacles tend-
ing to consist of both emission as well as reflection components, again it is the
variations of dark cloud formations interspersed throughout them that have the
most significant influence on our Earthbound interpretations as the astounding
forms so familiar to us.

Certain other visible illuminated nebulae may be the tattered remnants of iso-
lated, relatively local supernovae. Regretfully, only a few are within range for the
amateur observer. As forms of emission nebulae illuminated by radiant energy,
because the remaining neutron star is solely responsible for lighting what we see,
generally they are more diffuse, delicate and much fainter than the type of illumi-
nated nebula of the previous categories. They are often characterized by striations
and wisps, as might be expected of the surviving remnants of an explosion (i.e., the
‘Veil Nebula’” in Cygnus, NGC 6960, 6979 and 6992/6995) and unlikely to show
true dark regions, other than intermingling fingers of the blackness of space behind,
or variations in density. The most notable exception to much of this is the ‘Crab
Nebula’ M1 in Taurus, which being relatively recently created has not yet had time
to separate into well-isolated and faint strands and shreds. Thus within this fairly
luminous (at Magnitude 9) and reasonably sized object (at approximately
420"x300"), it is possible to see a broader nebula with innumerable and typical
striated wisp-like forms that have started to emerge in the aftermath (a recent event
in cosmic time, dating from 1054). Darkened regions among the tangle of exploded
matter are unlikely true dark entities; presumably most of them are gaps and varia-
tions in density of the exploded matter, and merely the background of space itself.
However, certainly, parts of the nebula are more brilliantly illuminated than others
(see observing section).

Additionally, no one could dispute the existence of dusty gases enveloping cer-
tain open clusters, such as the bright, puffy nebulosity in the nearby and conspicu-
ous Pleiades Cluster, M45. This has been classified as a reflection nebula, which
indeed it is, although of a less typical origin. We know now that this dusty interstel-
lar cloud (that happens to be passing by, on a cosmic timetable) is unrelated to that
cluster’s creation, and it is illuminated solely by reflected light from the cluster’s
stellar components. There must be many such examples throughout the galaxy,
though none so easy to observe as in this particular nearby spectacle.

We should understand that all such nebulae have relatively short life spans, cos-
mically speaking, since the low gravitational attractions of typical loose groups/
open clusters of stars (underlying all larger illuminated nebulae) ultimately will
cause the stars to slowly drift apart, continuing to do so as their metallicity gradu-
ally lessens and the stars age and migrate ever further from the galactic thin disc.
Quite aside from the gradual depletion of the interstellar medium in star birth, as
the stars become independent of each other the illuminating source is removed, and
the grand spectacles put on by the nebulae that once enveloped them will gradually
fade away. Others will form by the same processes that gave us all of those
we know.
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For ways to observe these sights, our options are quite varied. In some of the
best-known examples, the nebulae are so large and bright that fairly low powers
will show extensive detail. We will often see all the more complex structural forms,
and with a well-illuminated image in the field of view, these subtleties are not hard
to come by. For increased resolution of fine detail, the brilliance of many of these
sites will allow considerable magnifications on small portions within the entire
nebulae.

Unfortunately, the brilliance of all illuminated nebulae cannot be taken for
granted; the majority of them are of a low total surface brightness, which does not
help when using higher powers to see detail. This is especially problematic with
smaller and distant nebulae, which may require the use of higher powers, although
emission nebulae, with the typically accompanying red and infrared portions of
their spectrums, respond very favorably to electronic enhancing devices. However,
one must remember with the use of electronic aids that any reflection components
when present will tend to fade, sometimes to be lost entirely in the view, since the
blue light of these nebulae is not well suited to the sensitivities of electronic devices
in general. When both emission and reflection components are equally present, the
view will be significantly altered.

The many available light pollution/nebula filters may also drastically enhance
the live images of mixed component nebulae, regardless of viewing location,
although most of these filters also reduce the visibility of reflected light.
Additionally, certain filters (such as Lumicon’s ‘Horsehead Nebula’ filter) may
enhance elusive dark regions of illuminated nebulae, something we are seeking to
accomplish. However, many people will be reluctant to purchase expensive filters
that produce dramatic results on only a few subjects. Regardless, such filters may
provide invaluable service, since they enhance the appearance of radiant portions
of these objects, usually without filtering out all of the reflected light in the blue
spectrum. Although they may dim the overall view somewhat (the appearance of
objects may be an acquired taste) on perhaps at least a majority of subjects, the
observer will usually see more detail when utilizing them than not. With pure
reflection nebulae that are delicate or dim, these filters may prove to be less helpful.
However, it is always fair to say that many illuminated nebulae will show wonder-
fully well with no viewing aids whatsoever (other than good eyepieces), revealing
themselves in many ways, and perhaps more readily than any other type of deep
space object. It remains up to individuals themselves, for their own purposes and
expectations, to determine which subjects respond best to any specific viewing
approach.

Most illuminated nebulae do not equal the visual splendor of the famous exam-
ples we see in textbooks; in real life these evocative deep space objects tend to be
delicately displayed with subtle details and outlines. Regardless, the types of fea-
tures that define them are consistent. Even in many less brilliantly lit nebulae, strik-
ing characteristics may be present; they may be just a little more difficult to
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observe. We will look at a few of the brighter examples, as they will serve us better
to demonstrate the characteristics common to many. They may make it easier to
locate such features within other less prominent examples; while long time expo-
sures will clearly reveal these features in most examples, live viewing requires
considerably heightened awareness of what we should look for. Perhaps the most
celebrated example, the Great Nebula in Orion, M42, is the best starting point, its
brilliantly revealed and varied features, along with huge size, making for easy rec-
ognition in the live view through almost any decent telescope.

As a spectacle, the Great Nebula in Orion, M42, is probably rivaled only by the
Great Nebula NGC 3372 in Carina (regretfully, visible only in Southern Hemisphere
skies). M42 is one of the most celebrated deep space objects of all. However, it is
merely one small corner of the vast Orion Molecular Cloud, which encompasses
many other less prominent illuminated nebulae, including ‘De Mairan’s Nebula,’
M43 (the comma-shaped nebula adjoining M42; see below); the ‘Horsehead
Nebula,” B33; the ‘Running Man,” NGC 1977; the ‘Flame Nebula,” NGC 2024; and
‘Barnard’s Loop,” Sh2-276 (named after the same Barnard), a huge luminous arc
that partly encircles all of these.

Specifically, sprint just a few degrees further to the north of M43 and the
‘Running Man’ Nebula NGC 1977 can be found, also part of the larger nebulous
region. Being predominantly a reflection nebula, it is fairly faint, but the unusual
linear dark nebulae crossing it are worth the trouble of trying to observe. They do
indeed resemble its namesake and are true dark lanes. However, be prepared
to spend some time at the eyepiece for these characteristics to be seen
convincingly.

Not far away and still connected to the greater whole is the most famous dark
nebula in the region — if not the most famous of all dark nebulae — B33, the
‘Horsehead Nebula.” This nebula instantly brings to mind any number of well-
known images. It is intermingled within a region of considerable illuminated bril-
liance. Unfortunately, this most famous of dark nebula is also among the hardest to
see, often requiring a certain specialized filter, made exclusively by Lumicon just
for this one sight! Worse yet is to attempt to view this nebula with an image intensi-
fier, since it is situated precariously close to Sigma Orionis, a double star sufficiently
bright that snagging it in the field would probably cause irreversible damage to the
image plate. Otherwise it would likely be an exceptional object to view and image
in this manner; almost needless to say, be advised, should you own one, turn your
intensifier on it at your peril. And lastly, one must not forget the ‘Flame Nebula,’
NGC 2024, also part of the region’s continuing dark nebulous curtain. Perhaps next
in line among significant nebulae of the area, sadly, for image intensification, it, too,
is situated precariously close to that same bright double star.
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M42, containing every major feature of nebulae all at once (emission, reflection,
dark nebula components, a star nursery and brilliant star cluster in the making, and
all manner of ‘folds’ as evidence of stellar winds), must rank high in any survey,
with so much on view that is easily seen and identified. At a distance of less than
1,400 light years it is quite near, cosmically speaking, which makes the total dimen-
sion of M42’s illuminated structure of around 25 light years appear very large. In
the eyepiece its huge apparent dimensions (approximately 85’ x60’) make it seem
to spill out of any field of view, almost regardless of magnification. Its brilliance of
magnitude 4 is second to none, literally shining light on the face of the observer.
Although Barnard did not label any of the dark components of this nebula in his
catalog, they are such significant parts of it that they define much of what we see
and the impression it makes.

Just as striking in this dazzling spectacle are the many curtain-like features,
creases, dark lanes and walls of compressed gas that punctuate the nebula. Although
many of these details consist of dark or only partially lit regions, they are not all of
identical consistency or luminescence. It is partly this quality that, to many observ-
ers, imparts the impression of velvet drapes. In looking east and west, these lanes
seem to be drawn out of the central blaze of stellar brilliance to take on a striated
appearance, their outstretched all-embracing arms giving rise to their nickname of
the ‘Bat Wings.” Towards the point of origin of these ‘wings,” dusty material seems
most concentrated and forms into the well-known dark yet mottled incursion into
the Huygenian Region, a feature better known as the ‘Fish Mouth.’

Fortunately for us, the nebula is brilliant enough to allow for a variety of viewing
methods, including various light pollution filters that may yield valuable insights,
revealing more of the extent and fine details of the ‘wings’ without reducing effec-
tive image brightness, even rendering these features more easily seen. On both sides
of the greater nebula are strikingly curled and circular dark forms, appearing to
finally wrap around the spectacle. Many observers delight in seeing traces of color
in the nebula, including reds from ionized hydrogen, green from doubly ionized
oxygen, shades of blue and even violet emanating via reflection from stars deep
within the nebula, and even colorful reddish hues from ionized sulfur. But remem-
ber, all color in deep space exists in trace amounts only.

In the image below (Fig. 4.3), seemingly countless young hot stars stud the
entire huge central region, which typically causes overexposure, and despite that
exposure being a true snapshot it reveals just how bright this subject actually is!
This is one of the brightest sights in the entire sky.

That dazzling blaze, the center of attention of the whole and known as the
‘Huygenian Region,’ is a stellar nursery of legend; it contains the famous quartet of
hot stars at its heart known as the ‘Trapezium,” a prominent group and a true mul-
tiple-star system. By increasing the magnification (or reducing image exposure
substantially), the true identity of the star-forming Huygenian Region is suddenly
easily seen, including countless fine dark details and subtle features of interest.
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Fig. 4.3 The Great Nebula in Orion, M42, with M43 (left) (AC)

It is hardly necessary to point out the large number of them revealed even in the
simple image, Fig. 4.4. While observing the region at the telescope, you might look
for the small, dark, cocoon-like cavity that the ‘Trapezium’ itself occupies (indi-
cated by three unnumbered arrows). This exists mostly as the result of stellar winds
(caused by the increasing temperatures of the young stars) pushing matter away
from them, and presumably partly because much of the surrounding gases have
been used up during the production of these stars. This has left clouds of dust (dark
mottling) and unused gas, shown here glowing due to the ongoing HII ionization
processes. Infrared light emission from the dust may also be responsible for some
of the glow in image intensifier images.

The image (Fig. 4.4) shows most of the details as they would appear in the eye-
piece when utilizing a higher power. This quickly executed image is truly remark-
able, especially for all that it shows of the fine inner details formerly the domain of
only large professional facilities. Puffy cloud formations are striking, almost remi-
niscent of Earthbound atmospheric varieties, as are numerous subtle dark details,
and the chance to see ever-increasing numbers of tiny faint young stars forming at
the beginning of their lifecycle — widespread throughout the region. Live viewing
will often reveal many of these stars under good conditions, where you may see as
many as 20-30 just in this central area, and with only moderate optical aid.
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Fig. 4.4 The ‘Huygenian Region’ and “Trapezium’ in M42 (AC). (1) The ‘Fish Mouth,” per-
haps the single most celebrated dark nebulous component in M42. (2) The bright mottled bar
of illuminated gas outlining the southwestern end of the Huygenian region

Star hunters have cataloged hundreds of them throughout the region. Be sure also
to take note of the straight mottled bright bar of illuminated gas that outlines the
western border (near the bottom of this image); although less prominent on this
image intensifier version, observatory images show this as a multi-colored feature
many times as bright as its surroundings. This is a prime example of double- and
triple-ionized gases in the process of being pushed away from the searing cauldron
by a wall of stellar winds.

Connected to the northern side of M42 lies M43, a striking ‘comma’-shaped neb-
ula, but really just an extension of its much larger companion, with the illuminating
star NU Orionis at its heart. Be sure to look closer to see what gives the nebula that
distinctive shape; there is a stark dark nebula running down its northern side, much
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Fig. 4.5 M43 (AC)

darker than the better known adjacent ‘Fish Mouth’ in M42, then working its way
westward as it cuts an entire corner from the nebulous region.

Had NU Orionis, the HII exciting star at the heart of M43 and an unexceptional
star among the sea of high energy, young stars, been hotter, M43 would have
appeared considerably more brilliant. The resulting higher radiation would possibly
have lit up other unseen gas, while causing more of the dusty dark clouds to glow
increasingly with infrared light. As it is, the dark nebula component appears very
dark indeed in the eyepiece, seemingly darker than the surrounding space. Careful
observations reveal that it continues to extend west and southward, almost com-
pletely blocking any light that may be emanating from behind. Also note the less
conspicuous dark streaky ‘branches’ within the comma-shaped nebula itself and
traces of illuminated gas on the opposite side of the main dark lane. Because the
entire Orion Nebula region is so loaded with interstellar dust, some of the light of
the faint young stars is often intermittently blocked to a degree that many appear to
disappear or seem to be variable as the clouds waft by! NU Orionis is perhaps the
most prominent example in the entire group, but it is still subject to apparent vari-
ability by movements of the swirling dust and gases that surround it (Fig. 4.5).
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The ‘Omega Nebula’ M17 in Sagittarius is another magnificent sight among illu-
minated nebulae near the hub of the galaxy and also aptly demonstrates several
aspects of the sculpting effects of dark nebulous matter throughout what we see.
Although the very bright (6th magnitude) nebula is made visible by a vibrant young
open star cluster deep within it — perhaps near the height of star creation — the yel-
low coloration of this predominantly emission nebula is as striking as the many
dark and shaded details that fully define its appearance. Accordingly, the nebula
takes a rich form, corresponding to dark zones and other subtle darkening and shad-
ing; more likely, most of what we perceive as apparent folds and three-dimensional
curvature of the glowing nebula is not at all as it seems.

Visually, while not huge, M17’s apparent dimensions are sufficient to easily
render it large enough for detailed observations. To this writer, it always seemed in
the live view that the blackness of space was greater on one side of the nebula than
the other, something readily born out in the image here (Fig. 4.6). The apparent

Fig. 4.6 The ‘Omega Nebula,” M17 (a) AC and (b): (1) this divide from top to bottom reveals
an apparent visual border in the interstellar clouds between that which is illuminated and that
which is non-illuminated. Regardless, the sudden darkening on this side of the nebula is
somewhat startling. (2) An apparent dark parting in the illuminated gas, but would seem actu-
ally due to variations in the makeup of the dusty intrusion relative to its surroundings.
(3) A striking dark nebulous ‘V’ formation within the brightest part of the illuminated region.



The ‘Omega Nebula,” M17 87

Fig. 4.6 (continued) This is one of the features that impart a winged, swan-like appearance to
the nebula. (4) A sudden change in illumination, not unlike (2), and apparently again due to
another dusty intrusion; north of here, it appears to continue expansively as a generally less
illuminated part of the nebula. Compare this side of it to the other to the south. We can assume
that various stellar winds are responsible for these variations in density. (5) Perhaps the most
interesting feature in the entire nebula, appearing as a hollowed out circular region, and again
apparently the result of stellar winds from the heart of the cluster blowing the dusty matter
outwards. This is similar to the hollowed-out zone we see in the ‘Rosette Nebula,” and from our
perspective forms the ‘swan’s’ neck and head. (6) This region, just southeast of the dark hollow,
seems to be the nursery of most of the youngest stars, just beginning to emerge from their
incubation as protostars

border at the edge of the illuminated nebulous matter is striking; it is not, however,
a true void in the fabric, merely corresponding to a part of the greater cloud of
interstellar matter yet to be illuminated. We know that this is the correct analysis of
what we are seeing, because this region lies so close to the galactic core that it cer-
tainly is not a transparent, relatively starless part of the Milky Way! Rather, the stars
that we do see are superimposed in our line of sight in front of the obscuring dust.

As one may notice about some other brightly lit nebulae, surprisingly, those dark
regions within this nebula do not appear in Barnard’s catalog. Regardless, their role
and significance is not diminished.
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Much harder to see, let alone to easily image, but one of the most evocative sights
in the entire sky, is the ‘Eagle Nebula,” IC 4703. Lying within the area of the open
cluster M16 in the constellation Serpens, it is a nearby celestial neighbor to the
Omega Nebula, M17. One should not miss the opportunity to observe both while in
the region.

Despite the relative small size of the Eagle itself, (only 7 arcmin), there can be
few observers who do not relish the possibility of seeing the great formation loom-
ing out of the clouds; however, it is not an easy mark. The nebula is not bright (far
less than the 6th magnitude value of the illuminating star cluster), and despite the
fact that Barnard himself was the first person to photograph the prominent dark
columns, fully revealing them for the first time, strangely they do not appear in his
catalog. Although not nearly as difficult a target as the ‘Horsehead Nebula’ in
Orion, it nevertheless requires very transparent skies and a considerable degree of
patience, illustrating again how vague most features within illuminated nebulae usu-
ally are. One needs to adjust one’s expectations accordingly; observers of antiquity
missed the nebula entirely. One should be prepared for something far less grand in
the field of view than the dramatic Hubble imagery perhaps has led us to expect.

Looking at this spectacle, a hot young cluster (approximately only 5 million
years old) illuminates the surrounding HII gases, while the stars shine like large
jewels and the eagle-like dark segmented cloud emerges from out of the midst, as
if in flight and apparently heading right toward us. Despite its considerable distance
of 7,000 light years, even such fine detail as the bird’s talons seem to be resolved,
as well as a ruffled plume of dust in its wake. However, it is these very features
within the much darker region than that surrounding it that are believed to consist
of rapidly condensing interstellar medium on the verge of spawning new stars. At
the uppermost tips of these dark columns, rocket-like offshoots appear to be actual
forming protostars, otherwise known as EGG’s (see Hubble Telescope image in
Fig. 4.7). This region has, of course, become better known as the ‘Pillars of
Creation’ after detailed imagery by the Hubble Space Telescope revealed its true
detailed nature for the first time.

While seeing it at such close range hardly gives the visual impression that has
made this nebula famous, the ‘pillar’ at the right of the image is usually seen to
represent the talons, and the middle ‘pillar’ the head and body. The pillar on the
right is much fainter in the live view than it appears here and is not seen as part of
the great flying bird. The illusions of the Eagle only become realized at the eye-
piece, and more clearly in smaller, less detailed images that show the entire nebula
in its surroundings. In what amounts to a real-time image (Fig. 4.8) made by the
author, although not standing up to a larger scale, the picture does provide a fairly
representative impression of the way the nebula and its adjacent star cluster can be
expected to appear (in moderate apertures under really dark skies), once the eye has
made its adjustments. The two main ‘pillars’ comprising the ‘eagle’ in the Hubble
image are clear enough toward the top middle of the image. The illuminated tip of



Fig. 4.7 Portion of the ‘Eagle Nebula,” M 16 (image courtesy NASA and the NSSDC)

Fig. 4.8 The ‘Eagle Nebula,” M16 (AC)



90 4 Dark and Dusty Regions in Bright Diffuse Nebulae

the leftmost ‘tower’ in Fig. 4.7 is also evident, forming a triangle with the two clos-
est bright stars. More significant, though, is that suddenly now the ‘eagle’ can be
seen in context as it takes flight. The image is quite magical, especially considering
the very short length of its exposure.

More detailed imagery certainly exists that shows increasing finesse within this
sight, but one should not expect the live view to compare with them. Make no mis-
take, this is a delicate subject, in no way competing with M42 or M17 in immediate
visual splendor or magnitude, nebulae so grand that they register immediately with
the greatest of ease and speed, and in most of their full glory at that. Therefore,
patience and viewing skills will be necessary in order to experience the wonder of
this spectacle, although the cluster is an easy and appealing object all by itself. The
brilliance of the cluster makes its precise location easy to find.

The typically violent processes of unstable nearby giant stars frequently serve as
the catalyst in triggering the very creative forces that bring into existence yet more
stars; however, it can also destroy them before they can mature, like a animal eating
its young. However, this is the way of dark nebulae and the star clusters that inhabit
many of them, as illuminated nebulae are transient structures that experience rela-
tively fast evolutions. Because of these rapid changes it is fortunate at this point of
time that we can experience such a grand spectacle as the ‘Eagle.” Likely at this
distance, it has already become unrecognizable, and indeed there is now some evi-
dence that a nearby supernova may have shocked this particular structure into
oblivion long ago — before we even knew of its existence.

The ‘Trifid Nebula,” M20, is one of the most prominent and beautiful illuminated
nebulae in the sky. The main nebula is of the emission variety, surrounded by a
lesser reflection component, with its greatest concentration on the northern side.
Spanning approximately 28’ in the field of view, it ranks among the largest appear-
ing of such nebulae, and visually of the 9th magnitude. This famous nebula also has
some very striking and clear-cut dark lanes intersecting at the center (finally, here,
we see a separate listing for these in Barnard’s catalog! — B8S5), visually appearing
more like those we may expect to see in other types of structures. While similar
dark linear lanes may be found in other nebulae, such as the ‘Running Man,” NGC
1977, and the ‘Lagoon Nebula,” M8, perhaps none are so immediately obvious and
strikingly arranged as those we see here, quite prominent at first glance and trace-
able beyond the primary glow of the nebula.

Significantly, in the image intensifier picture here, the reflection component of
the nebula does not register very strongly. Regardless, it is fainter than the emission
component seen so readily, but not difficult to see in conventional viewing.
However, the dark lanes under discussion lie within the emission component of the
nebula, so the image here fulfills our purpose. Regardless, the conventional view is
not so different as to make the nebula unrecognizable. Look at the lane as it travels
to the right of the image; it can clearly be seen extending well beyond the most
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Fig. 4.9 The ‘Trifid Nebula,” M20 (AC)

brilliantly lit region and into the surrounding less illuminated reflection nebula
component. The brightest ‘star’ at the heart of the emission nebula is in fact a mul-
tiple star (HD 196692); it is a test for eyes and equipment to determine how many
stars form the system. With the author’s telescope and image intensifier, it may be
broken into no less than six components. In fact, there are seven in total. However,
we should not overlook the numerous other young stars within this cluster.

This nebula is also unusual in that traces of color may easily be seen at the eye-
piece, more so than in practically any other nebula. It may be enhanced with a good
narrowband filter, whereby the emission component appears strikingly of a pinkish
hue, and the bluish tinge of the reflection part is quite pronounced. Meanwhile, the
star near the bottom of the image (numbered HD 164514, a 7th magnitude super-
giant) lies at the heart of the main reflection part of the nebula and is responsible
for most of that component’s illumination, which appears of a distinctly bluish tint
in conventional viewing (Fig. 4.9).

The Hubble Space Telescope has also provided photographic evidence of EGG’s
within M20 (evaporative gaseous globules), those clumps of matter in the final
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Fig. 4.10 Embryonic stars within the ‘Trifid Nebula’ (image courtesy NASA and the
NSSDC)

stages of compression ultimately to become stars, appearing quite similar to those
imaged within the ‘Eagle Nebula.” In Fig. 4.10 we can see these features. At its
estimated distance, any number of possible changes will have likely taken place
compared to what we see at this moment in time, as in the case of M16. It appears
that this very star-bearing region is being destroyed by the heat and radiation from
the powerful multiple star, and possibly does not even exist at this time, some
7,500 years after the light left the object.

Without assigning them a separate chapter, it is difficult to determine if these struc-
tures are closer in type to illuminated nebulae or planetary nebulae, since they have
indirect links to both. Not part of the normal ongoing regenerative processes of
stellar elements, supernovae nevertheless are responsible for providing trace
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amounts of rare and exotic elements, many of which exist in the common environ-
ment. We do not usually think of iron as a rare or exotic element, but without
supernovae, this critical and widespread material would not exist at all. As it is, iron
forms most of Earth’s core and is widespread in the environment as one of its most
common elements. As the final element to be produced in the fusion processes of
stars destined collapse into neutrons (or seen as pulsar stars as a result of the beam
of radiation being aligned with our line of observation) they shower their outer
mantles into space as supernova explosions, to become part of the dusty component
of greater interstellar matter of the host galaxy. Because the Crab Nebula, M1, has
a pulsar at its heart, we know that the explosive force that created it was a Type II
Supernova, Type I being incapable of producing pulsars.

We only see the remaining torn and shattered remains relatively locally, since
they are not large enough to be observed across vast distances. This prominent
example is only 420" x 290" (corresponding to an actual dimension of 14 light years
at its widest point), sufficient to view effectively at this range but insufficient were
it placed at a much greater distance. Therefore our prospects are limited to a hand-
ful of supernova remnants at most. Additionally, their luminescence comes about
solely via the radiant energy of a remaining neutron star at their heart, which may
excite various superheated ionized elements, including leftover helium and hydro-
gen, and also others produced in the late stages of the star’s life, but predominantly
carbon, oxygen and iron. Specific elemental makeup and proportions will be deter-
mined by total stellar mass, so spectral analysis enables astronomers to calculate
that of the original star. The ‘Crab Nebula’s’ original star has been thus estimated
to have been of the order of less than 12 solar masses. However, a significant mys-
tery surrounds this nebula in that insufficient mass remains, perhaps less than a
quarter, of what is presumed to have been that of the original star. To date, the
mystery remains unsolved, all theories yet to be borne out by research (Fig. 4.11).

However, we do enjoy a fairly close up view of the nebula, at around 1,400 light
years. Being relatively young, its evolution can be observed, as it is still far from
late stages of that which we see in the much older ‘Veil Nebula’ in Cygnus, alto-
gether fainter and more subtle, while arguably many times more beautiful! But we
must understand that dark detail within these structures are more likely gaps or
irregularities in the illuminated fabric than true dark features, although they still
make for some interesting and relevant viewing. In the case of M1, we can delight
in the many fine tendrils, fine shaded (even dark) details, and perhaps even glimpse
the effects of its progenitor pulsar star. Although a difficult target to be sure, at the
eyepiece the author has observed not only the star itself but also traces of the shock-
waves of matter being pushed away in arcs around it. While obviously not revealed
to the degree as in the exquisite close-up images by the Hubble Space Telescope
(Fig. 4.12), it seems a marvel to be able to witness a little of this scene firsthand
(Fig. 4.13). It should be pointed out as a caution that this feat was only made pos-
sible through the use of decent aperture (18 in./46 cm) and an image intensifier
eyepiece. Should anyone still doubt the value of such electronic devices, perhaps
this is the place to end the argument. Dark details, such as we are likely to see, are
also plentiful in Fig. 4.13.



Fig. 4.11 The ‘Crab Nebula, M1 (HST image courtesy NASA and ESA)
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Fig. 4.12 The pulsar in the ‘Crab Nebula’ (images courtesy NASA and ESA)
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Thus, perhaps the sequence of events has become more meaningful: the slow trans-
formation of cold, unlit matter into stars; then the long decline into becoming
planetary nebula, supernovae or novae; the gathering and clumping of leftover mat-
ter from these processes to form dark nebulae; and finally, the rebirth into new stars
and solar systems, much like the proverbial phoenix rising from the ashes. This
continuing circle of events underscores the idea that much of what we may have

Fig. 4.13 The ‘Crab Nebula’ (a) AC and (b): (1) The pulsar star; do not confuse this with the
brighter accompanying star adjacent to it. It seems remarkable by any standards that we are
able to see this tiny object — not more than 20 miles (28-30 km) in diameter — across a distance
spanning 1,400 light years. (2) Close to the pulsar is its accompanying star, a true double star
to it and a continuing source of matter to the pulsar. This star is extending the pulsar’s period
of radiant activity, with estimated temperatures likely measurable in millions of degrees.
(3) The dark region showing so prominently on the Hubble image which, upon examination,
appears due to actual voids in the luminous cloud, as well as being of a lesser luminosity, which
is probably due to the nebula being more tenuous in this region. As with most supernova rem-
nants, these are probably not true dark details of the type we see in other objects. (4) Amazingly,
these are the traces of the shockwave seen in the Hubble Space Telescope images. (5) Another
darker region, similar to (4) but less striking. This region is not prominent on the Hubble image
(where it shows as a slight indentation but also shows on many other images)
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Fig. 4.13 (continued)

considered separate entities are, in fact, much the same thing. The only difference
is our perspective — that is, what stage of cosmic evolution is an object experiencing
at this present moment of time.

Because illuminated nebulae are frequently faint and subjective to a degree, precise
magnitudes and dimensions are always debatable; they may be perceived differ-
ently according to many variables. Many are also far from easy subjects in which
to see dark features; this will depend on available equipment and circumstances. In
light of this, many of the author’s own estimates and those of others have not
always agreed; thus, this catalog has been revised to be more in accordance with
the prevailing estimates of a wide range of many contemporary observers. As a
result, the various designations are more in line with those found in The Night Sky
Observer’s Guide (Kepple and Sanner; Willmann-Bell, Inc.) than Burnham’s
Celestial Guide (Robert Burnham; Dover), and appear more as averaged estimates
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rather than exact determinations. However, the updated approach should not be
taken to imply any less reverence for Burnham and especially the unique insights
that he provided; Burnham’s very comprehensive system was built on solid percep-
tions, scientific evidence and logic.

Each object is listed with, where applicable or available, its catalog number
first (NGC or other), then its object type, magnitude and a short description of
interesting features: angular size, coordinates, and the constellation in which it
can be found. Below each listed globular cluster is a link(s) where the most suitable
reference image — at least, from a perspective of revealing dark details — may be
found online, if available, together with comments regarding the image(s).
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http://en.wikipedia.org/wiki/File:NGC281HunterWilson.jpg
http://antwrp.gsfc.nasa.gov/apod/ap091025.html
http://www.telescopes.cc/m42large.htm
http://www.adm-astronomy.com/index.php?option=com_content&view=article&id=99&Itemid=163&lang=de
http://www.adm-astronomy.com/index.php?option=com_content&view=article&id=99&Itemid=163&lang=de
http://en.wikipedia.org/wiki/File:M43_HST.jpg
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http://www.astrocruise.com/milky_way/flame.htm
http://www.saratogaskies.com/b33-sho-full.jpg
http://www.celestronimages.com/details.php?image_id=4901
http://ep.yimg.com/ca/I/spaceimages_2083_26266437
http://www.cosmotography.com/images/lrg_ngc2070.html
http://enchantedskies.net/Rosette2008Big.htm
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http://apod.nasa.gov/apod/image/9910/hubblevarneb_hst_big.jpg
http://www.noao.edu/outreach/aop/observers/n2261westphal.jpg
http://www.aao.gov.au/images/captions/aat013.html
http://www.jacanaent.com/Astronomy/Images/Nebulae/NEB51FoxFurNebula.jpg
http://www.jacanaent.com/Astronomy/Images/Nebulae/NEB51FoxFurNebula.jpg
http://apod.nasa.gov/apod/image/0903/Seagull_BarrettDavis.jpg
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http://jthommes.com/Astro/images/SH2-311_C8MFR15_PS2GBSH.jpg
http://fuse.pha.jhu.edu/~wpb/hstvela/VELA_SNRBert.jpg
http://fuse.pha.jhu.edu/~wpb/hstvela/VELA_SNRBert.jpg
http://apod.nasa.gov/apod/image/0405/carina_tan_big.jpg
http://apod.nasa.gov/apod/image/9801/keyhole_noao.jpg
http://apod.nasa.gov/apod/image/0803/NGC3576_NB_2000crawford.jpg
http://www.noao.edu/outreach/aop/observers/n6559connor.jpg
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http://www.astronet.ru/db/xware/msg/1214830/RhomosaicM_mmg_f.jpg.html
http://www.astronet.ru/db/xware/msg/1214830/RhomosaicM_mmg_f.jpg.html
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http://web.olp.net/vgallagher-olp/NGC6188-20080606.htm
http://apod.nasa.gov/apod/image/0803/catspaw_noao_big.jpg
http://apod.nasa.gov/apod/image/0803/catspaw_noao_big.jpg
http://www.cosmotography.com/images/lrg_m20.html
http://hubblesite.org/gallery/album/entire/pr2004017c/large_web/
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http://apod.nasa.gov/apod/image/0906/Korona_oreshko1800.jpg
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Chapter 5

Dark Lanes
in Star Clusters

For generations, many observers have commented upon apparent dark lanes in star
clusters, most notably the presence of clearly defined dark streaks and divides in
globular clusters. While some parallels to them may be found in the meandering
lanes occasionally seen in open clusters, especially around their periphery, the dark
features observed in globular clusters more frequently are characterized by rela-
tively linear, narrow formations, lanes that follow the circumference, and other
more angular intrusions (Fig. 5.1).

Might these be attributable to gravitational forces of one kind or another? This
is just one question among many, but it seems dark lanes in both open and globular
varieties of star cluster have always posed more questions than answers. Whether
or not the existence of these features can finally be verified to lie within the clusters,
to those who are certain they have observed them, the highly structured character
that is their hallmark seems different from anything else we see in deep space —
apparently unique attributes of these objects. It is hard to imagine that they are
external to the clusters, and certainly they do not appear to be merely quirks of
some explainable observational, even photographic, mirage. Frustratingly, few
detailed references about them seem to be available, other than the occasional men-
tion in certain texts about the existence of some of the more prominent lanes.
However, what is available in the mainstream press usually is little more than brief
remarks that a dark lane(s) is present, with very little specific information about it
(or them) for the observer. Detailed descriptions remain all too hard to find, when
it would seem natural to expect. It is odd, even when referenced, that such features
as have been reliably reported, even imaged within so many of these clusters,
remain so casually or sketchily dealt with; mere acknowledgement of their presence
does little to enlighten us, especially in conjunction with the lack of explanation for
what they might be.

A. Cooke, Dark Nebulae, Dark Lanes, and Dust Belts, 107
Patrick Moore’s Practical Astronomy Series, DOI 10.1007/978-1-4614-1186-4_5,
© Springer Science+Business Media, LLC 2012
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Fig. 5.1 NGC 1850: A globular-like cluster in the Large Magellanic Cloud, with nebulous
remnants, presumably of past supernova explosions. Could similar wispy, sinewy dust and gas
such as this possibly explain the dark lanes reported in many of the Milky Way’s true globulars?
(image courtesy NASA, ESA)

Regardless, the striking and frequent appearance of certain finely ‘cut’ dark
lanes in globular star clusters have become well established in many astronomical
circles, even if not yet universally embraced. However, even here, all too little com-
mentary remains the norm, even concerning the best-known and recognized
examples — despite the fact that such features seem to have little, if indeed nothing,
in common with any of the other dark features we are able to observe throughout
the entire universe. The apparent presence of these lanes within the ancient
Population II stars, would seem to contradict the presumption that the clusters are
devoid of what would be considered interstellar matter. Thus, many astronomers
have questioned whether the lanes really exist at all, and hypothesize that they
may be only illusions caused by random stellar alignments, or even shreds of non-
illuminated dust between our line of sight and the clusters themselves. However, the
unique, often spindly, appearance, at least in some of the better-known examples,
makes this presumption always questionable to anyone who has seen them.
Regardless of what the lanes constitute, in the absence of science defining their
being, the prospect of what such features represents remains a significant, perplex-
ing, but fascinating unknown.

Regretfully, viewing star clusters within other galaxies is not a prospect for most
observers, although the glowing gases from new open star clusters within the spiral
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arms are frequently visible; indeed, these regions are the very essence of large segments
of galactic evolution. Those few globular clusters that are visible in other nearby galax-
ies are only just visible, however. With only one or two exceptions, (such as G1 in the
Great Galaxy in Andromeda, M31, where we’re lucky to resolve a star or two), none
is possible to see as anything resembling a star cluster; it would seem that none of them
provide any opportunity to be observed as they look in reality. This is simply because
all other globulars — huge as they are — are too remote to show themselves from our
standpoint as being anything other than tiny points of light, let alone reveal anything
so esoteric as dark lanes at such great distances. Interestingly, our neighboring galaxy,
M31, long thought to be similar in size and makeup to the Milky Way, may host three
times as many globular clusters as our own galaxy.

Locally, whereas globular clusters are far fewer in number than open clusters
(which are relatively new formations and comprised of far fewer stars), there are
nevertheless sufficient examples showing the mysterious dark lanes to keep us busy,
even after discounting those less stunningly revealed in the eyepiece. For the
observer they offer considerable variety, since it seems that all of them differ, albeit
subtly, but usually quite obviously in appearance. For the show they put on, globu-
lars remain a perennial favorite of star parties, seldom disappointing any novice or
even greatly experienced observer. Despite the obvious resemblances of the most
basic forms of dark lane from cluster to cluster, there are no two globular clusters
or intersecting lanes even slightly similar.

Regardless, all of our opportunities to see dark lanes in globular star clusters lie
entirely within the realm of the Milky Way, but the list is sufficiently long to pro-
vide enough interest and variety to make the chase worthwhile. In our galaxy,
officially, the list numbers some 152 such examples, but considering the faintness
and distance of some of them, there could well be many more hidden behind inter-
stellar dust. At least 175 quite possibly exist, with the potential for even more. To
observers, not all of these will be of interest, or even readily observable, but up to
75 of them may offer good prospects, depending on one’s level of interest and per-
sistence. Thus, this volume and the observing list in this chapter will not attempt to
deal with any outside the observer’s normal realm.

The descriptive term of globular cluster is slightly misleading: not all of these
objects take an exact spherical ‘globular’ form, many appearing more as flattened,
slightly elliptical shapes, as well as sometimes showing unevenly distributed or
lopsided structures, even right at the core. Explanations for this apparently have
nothing to do with gravitational influences of their parent galaxy, as might be rea-
sonably assumed. Rather, the reasons appear to lie entirely within each cluster, as a
result of axial rotation, and the other internal gravitational influences of the stellar
population, as well as stresses brought about by other factors from individual stars
within them.

The list of open clusters, however, is far more extensive, even if visible dark
lanes within them are more limited. Because many young stars must still be hidden
by galactic dust, it is hard even to estimate just how many open star clusters exist
in our own galaxy, but it is calculated to be in the tens of thousands.

The existence of possible lanes in open star clusters may have a logical and
rational explanation. One could reasonably speculate that they represent the leftover
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dusty debris of stellar creation. However, because of the wide separations of the
stars in these clusters, it is still debatable that all of the ‘lanes’ that have been
reported, or even imaged, are real features at all. Visually, they certainly appear to
be somewhat different in nature than those we see in globular clusters: fainter, less
defined, less contrast, usually more meandering and wider, as well as lying to one
side of the clusters. And certainly there can be no doubt that the opportunity to see
such features is limited by the greater separations of the stars themselves; open
clusters do indeed describe the form aptly. But there can be no doubt that something
‘lane-like’ may be glimpsed in certain open clusters, especially in the periphery
surrounding them; these ‘lanes’ show on many photographs. And often they do
appear to be somewhat darker than the surrounding regions of stars and any remain-
ing illuminated matter. Although the stark linear features we often see in globular
clusters do seem dissimilar to anything we note in open clusters, for the most part,
it would not seem unreasonable to speculate that they, too, could have had partly
similar origins, even if the stars comprising them have a different history.

Other than the most prominent dark lanes that are easily captured in an image,
astro-imagers will perhaps have more difficulty in seeing features than live observ-
ers, because the very length of exposure necessary for producing grand imagery
tends to obliterate any trace of dark detail. The surrounding stellar brilliance simply
washes out such subtleties in the frame. Although an overexposed image can some-
times reveal unmistakable evidence that your eyes were not deceiving you, most of
the time the fine subtleties that define dark features in globulars are lost in the glare
and atmospheric disturbances; as always, experimentation is in order. Perhaps some
less spectacularly bright images would probably not be too steep a price to pay for
snaring some actual indisputable lanes. We must not forget that, even at the closest
distances, these dark features are subtle at the best of times. The eye has a special
capability of snagging fleeting moments of detail that enter and exit the view so
quickly that no time exposure can isolate and register them. Additionally, skilled
observing results in the mental compounding of such transitory moments, so that
details that were initially unseen eventually stand out more clearly. It is therefore
unlikely that you will find many images — made by any method — that truly reveal
the special properties of dark regions and filaments that are so uniquely varied from
cluster to cluster, but most especially as exposures grow longer.

On some recent impressively detailed Hubble Space Telescope imagery, and of
clusters of both forms, the very lanes and dark features that we perceive in the
eyepiece seem to vanish altogether, or at best are only occasionally detectable.
Regardless, those traces that remain seldom appear imposingly in these images at
all, and there is usually nothing to suggest any of the unmistakable fine dark lines
that we believe we see. We can only ponder whether (a) this is because most of
the features do not really exist at all; (b) are just differences in stellar distribution;
(c) are washed out by light from behind the lanes; (d) the large separations of bril-
liant stars in the imagery has diluted fine linearity; or (e) if any number of other
possibilities or combination of factors are taking place that we still are unable to
determine.
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Although vexing questions continue to be asked, anyone who has seen the lanes
for themselves will not need convincing that what we are experiencing is different
from all the possibilities raised above. And it should be stressed that there seems to
be nothing about these lines that in any way is comparable to the famous (or infa-
mous) sightings of Martian ‘canals’ so long ago. In most instances we can assume
that there is something to the existence of the lanes, because at least some of them
may be successfully recorded by camera, even showing clear details on some old
photographs.

Regardless, at least for the purpose of glimpsing such subtle entities, perhaps
live viewing is best of all, especially when undertaken with a wide range of magni-
fications to enhance them; maybe it still holds a unique value, even in this day and
age. However, we should keep mind that while some of the features described in
the upcoming section are hardly controversial at all — at least, in as far as the
appearance of them is concerned — many are partially subjective, or perhaps even
completely so. And we should not overlook that some also will be dependent on
particular viewing techniques, accessories and the objectivity of the observer him-
self or herself. Finally, it has to be said that some dark features noted in both types
of clusters are not particularly ‘lane-like,” although they certainly appear dark;
regardless, those that we see in globulars are certainly not at all in line with any
expectation we may have for their far more dense and close distributions of stars.

Scattered throughout the haloes of galaxies in the cosmos, globular clusters seem
to be the constant companions of all of them. It seems these clusters are common
in all galaxies of masses large enough to support them. The ages of these clusters
are probably similar to that of the universe itself, which brings all manner of issues
about their origins and their host galaxies into question. They rightly deserve their
own category, all the more so since many are rich in dark details. Some galaxies
seem to have an inordinate share of globular clusters, with ellipticals frequently
hosting up to a thousand or more. Some galactic colossi, such as the giant elliptical
MS87, may have as many as 500 times or more the number of globular clusters in
the Milky Way.

The majority of stars comprising globular clusters are notable for their low metal
content (that is, elements heavier than helium). As very old Population II stars, they
have long been thought to be some of the oldest objects in the universe (dating in
range between at least 9 and 12+ billion years — versus the typical age of open
clusters, which tend to be as little as a 1,000 times younger). They may owe their
present chemical composition now partly to the depleting effects of advanced age,
although they were formed in times where the elements found in Population I stars
were in short supply or even non-existent. However, it seems that the metallic
makeup they do have represents byproducts of the fusion processes of even earlier
Population III stars.
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It has also been postulated that the cataclysmic effects of early star and galaxy
formation caused such massive interstellar turbulence that the heavy elements were
simply blown right out of these clusters, which had formed by some undetermined
process. The exiting metal-rich gas would then have likely been absorbed by a
nearby galaxy, ultimately allowing the creation of newer, slightly more metal-rich
globular clusters in a similar, if not quite so violent, manner early in the life of the
universe. Lured by the forces of gravitational attraction, this could explain why
those clusters are more metal-rich than others, relatively speaking, and are located,
unsurprisingly, closer to galactic cores. However, it does not explain why isolated
Population II stars are no different from those we find in globular clusters!

This very makeup, history and possible age of these objects at one time created
a potential contradiction and conundrum whereby the universe itself appeared to be
measurably younger than the age of these clusters. Although this scenario does not
seem plausible by any stretch of the imagination, the explanation probably lies in
inaccuracies of the measurements of the cosmic time scale. Recent studies call such
ages into question, and while no one disputes that globulars are truly ancient, on an
even larger time scale it is also possible that these structures are no more than
middle-aged after all, with the life cycles of their Population II stars still little
understood. More research is clearly needed, but should the latter scenario turn out
to be the case, it would shake long-held beliefs about them to the core (no pun
intended).

In most galaxies, the region surrounding the core is most densely populated with
globular clusters, the distribution of which gradually thins out throughout the halo
with ever-increasing distance from it. The globular cluster population is also likely
to echo the oblate forms of its host galaxy with similar oblate distribution. (Looking
towards the core of our own galaxy, the Sagittarius region is closest to it and hence
is the region of strongest gravitational attraction, and so it is to be expected that a
large proportion of globular clusters would be concentrated in that area, and indeed
they are.) Globular clusters may also be readily found wherever much cosmic insta-
bility is taking place, the newer ones having formed in starburst or merging galax-
ies, and always apparently the result of high pressures within the surrounding
vicinity. These remain among the few clues we have to their origin. In such acceler-
ated periods of star formation and evolution, all Population I stars would have
rapidly exhausted their supplies of star-making material, and this could explain
their decline and ultimate absence from within these clusters. However, and per-
haps frustratingly, there appears to be no correlation at all between relative age,
metallicity and the appearance of dark lanes and features in globular clusters.

Unlike open clusters, globular clusters seem to have lives almost independent of
the gravitational forces of the greater galaxy and have withstood the mighty tug-
ging without becoming fractured or quickly obliterated. Also, while both types
feature many double-star systems, open clusters are consistently comprised of
metal-rich young Population I stars, something completely contrary to the rela-
tively bloated, metal-poor old yellow and red Population II stars we find in globular
clusters. In contrast again, the stars of globulars have a uniquely different life cycle
(still somewhat of a mystery) than that of the Population I stars that constitute the bulk
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of galaxies (other than elliptical and, to a slightly lesser degree, lenticular galaxies),
where the ongoing lifecycles and processes of death and rebirth are well known.
Thus, regardless of the timeline of when globular clusters came into being, their
fundamentals are quite strikingly different from those of the rest of the galaxy. And,
in common to all regions of Population II stars, there appears to be no ongoing star
creation in globular clusters, the absence of the stuff of star creation apparently
being used up long ago. Thus we must still acknowledge that little finite is known
about how these stars — or even the clusters themselves — came into being in the
first place. We can, however, be at least reasonably sure that their stars were for-
bearers of those belonging to the Population I category by supplying the key
heavier elements required.

At first glance, globular clusters often resemble dwarf elliptical galaxies, but
lacking the apparent presence of dark matter, would seem to be of a different
origin — or are we just missing a part of the equation? In fact, there is much evi-
dence to suggest that many of them may be the inner core remnants of satellite
dwarf spheroidal galaxies. After all, these small galactic systems typically are seen
close to large galaxies, slowly in the process of being absorbed and stripped of their
stars. Considering the present huge size of the giant Omega Centauri NGC 5539
(yet to be reduced to more normal proportions by the tidal forces of the Milky
Way), and the striking fact that it contains both Population I and II stars, it has long
been suggested that this particular scenario might explain its origin. Thus, Omega
Centauri, along with one or two others of a casually similar makeup, could proba-
bly represent one of the galaxy’s newest galactic acquisitions, although no one can
do more than theorize and speculate.

Other globulars, regardless of their origin, have clearly been donated from
nearby small galaxies during the process that led to those lesser galaxies being
tugged into the Milky Way. It is possible, of course, that globulars were formed
independently of any of the galactic structures that dominate the cosmos. However,
because of these remaining uncertainties, as of yet, we can only guess about their
origins. And if they are indeed remnants of galactic cores, could their dark and
dusty matter have been sucked out somehow by their new host galaxy?

In spiral galaxies these clusters usually lie outside the arms themselves (above
and below them), in orbits largely independent of the host galaxy’s rotation. Early
in the twentieth century, pioneering research on orbital motions of Milky Way
globulars was a major focus of Harlow Shapley’s astronomical pursuits, and his
research was largely responsible for whatever insights we have about the role they
play in the galaxy. Along with the conclusions drawn by a number of other astrono-
mers, V. V. Kravtsov of the Sternberg Astronomical Institute in Russia documented
in 2001 that globular clusters are divided into two categories: old and young
(relatively speaking, of course). Specifically, the more youthful globulars local to
the Milky way have different characteristics of motion (even opposite!) around the
galaxy and seem more tied to dwarf spheroid galaxies orbiting it rather than being
originally part of the main galaxy, lending additional weight to the argument that
the origins of such dwarf galaxies and globular clusters have more in common than
previously may have been suspected.
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Orbital motions around the galactic center by these clusters (typical, oddly
enough, of an elliptical nature) shows that their orbits often take them far outside
the normally accepted confines of the Milky Way. One or two notoriously contro-
versial globulars, especially NGC 2419 the ‘Intergalactic Wanderer,” were thought
to exist independently of the Milky Way, but just recently have been demonstrated
in fact, to belong, to it after all. The orbit of this cluster is so wide that it was long
considered to roam independently in space and it was difficult to account for its
placement. But such an orbit now seems more akin to long period comets of our
Solar System — on an entirely different scale, of course! Orbiting in an extremely
distant elliptical orbit (300,000 light years), it is twice as far away as the Magellanic
Clouds, and its orbit is almost three times the width of its host galaxy. It is a remark-
ably luminous cluster, and even at its great distance still shines at magnitude 10.4.

Despite its apparent dimensions being only 6', careful examination will also
reveal some traces of dark streaks and lanes in an otherwise fairly uniform-
appearing cluster without stellar resolution. As always, whether these dark features
are real or merely the effects of irregular alignments and stellar distribution is
still unknown. However, because of the compressed scale of what we are seeing,
as well as the fineness of the details, the likelihood of these lanes existing exter-
nally — superimposed on our line of sight — seems less likely, because they compare
in relative terms with closer examples. Structurally loose, not unlike the very
favorably placed M4, its stars are also quite sparsely populated in comparison to
many globulars.

Could this, though, be all there is to explain what we perceive as at least some
of the mysterious lanes? Again, we have no answers. Interestingly, close-up imag-
ery also shows some similar bars and loops to those of M4 (see later).

Not unlike the ‘Intergalactic Wanderer,” M54 is particularly interesting, another
among more remote Milky Way globular clusters. Twice the apparent size of NGC
2419 and much denser, it is nevertheless too distant (at 87,000 light years) to easily
resolve into stars and dark lanes. Image intensified viewing with higher magnifica-
tions does indeed begin to break the stars of this cluster apart, although detecting or
resolving any dark lanes in this particular subject will be far beyond practicality for
most observers. And because not all globular clusters show such features, they may
not even be present. However, the cluster serves to illustrate another point that may
further build the case that some globular clusters in the Milky Way have an external
origin. Recent research indicates that M54, though now a captive of the Milky Way,
may in fact, have belonged to the Sagittarius Dwarf Elliptical Galaxy (not the more
familiar Sagittarius Dwarf Irregular Galaxy), or even possibly be all that is remain-
ing of its core! However, you may recall that the lack of significant dark matter
within globulars would seem to fly in the face of this theory, unless, of course, one
stage in their evolution is yet unaccounted for; thus, much needs to be explained, and
their origins will remain for now a mystery, but hopefully to be solved in due time.

As a relative newcomer to the scientific community (only being discovered in
1977), the little Sagittarius Dwarf Elliptical Galaxy is believed to be the remaining
part of a larger, but still small elliptical galaxy, in the process of being slowly
absorbed by the huge Milky Way system. Even in space, the big fish devour the
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smaller ones. And it seems that there are at least three other Milky Way globulars
that probably once belonged to this galaxy as well. Another, Palomar 4 in Ursa
Major, the ‘Serpens Dwarf,” is almost as distant as NGC 2419, and next to that
example the most remote of the Milky Way’s globular clusters. At magnitude 14.2,
and hard to see in comparison, its mottled appearance reveals that considerable
galactic dust is blocking most of its light. But this type of dark obscuration seems
very different to what may be responsible for the lanes we see within the clusters
themselves. Nevertheless it is something of a prize to find in the field of view.

In these structures we see a gradual but significant concentration of stars towards
their centers, where the stars may be as little as a small fraction of a light year
apart — up to 1,000 stars per cubic parsec (one parsec equaling 3.26 cubic light
years). This is a concentration around 10,000 times greater than our own solar
neighborhood; try to imagine so many close stars in the sky at once! Additionally,
stars as ‘insignificantly small’ as our own Sun would be rarities in globulars, as the
majority of their stellar populations are at least twice as massive and have the
potential to become huge red giants — if they haven’t done so already. The compact
size and stellar concentrations within these structures are remarkable, since it is
estimated that few globulars exceed 100 light years in diameter.

With stellar populations of as many as a million stars, it is hard to imagine any
planet would experience anything resembling night! Nevertheless, the interacting
gravitational forces would be so great, as well as constantly varying, that these fac-
tors would seem to eliminate any chance of stable solar systems existing around any
of the stars themselves. Thus, the prospect of intelligent beings within these sys-
tems looking skyward into such a stellar jewel box would be remote indeed!

The interactive play of gravitational forces within the clusters may also explain
why some atypical star types appear sometimes within their boundaries (especially
of the variable type). However, the array of motions, near misses and gravitational
pulls also causes the frequent appearance of some decidedly unusual and unstable
stellar forms (blue stragglers, millisecond pulsars and low-mass X-ray binaries), far
more than we see in star populations outside globular clusters. The interactions of
all of the stars in the cluster would certainly produce many wildly eccentric and
irregular orbital paths, which would be infinite in their variety. It would seem likely
that powerful forces of stellar interaction would often cause fundamental changes
to normal star fusion cycles, not to mention causing irregular distributions, or even
to capture external stars by the cluster’s own gravitational pull. It is notable that the
occasional planetary nebula has been observed within four Milky Way globular
clusters, especially since this seems to suggest a contradiction with a non-recycling
stellar population.

However, by and large, orbital motions of the stars of globulars are what would
be expected. All the stellar members revolve around a dense ‘nucleus’ of the most
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concentrated stars, from the edge of the cluster orbiting ever faster closer toward
the center, and, as such, are completely different to the motions of stars comprising
spiral structures of galactic systems, which are governed by different physical laws
(see Chapter 6). Significantly, though, for us as observers such gravitational inter-
actions finally appear to explain the frequent chains and loops that we can see in
the less dense regions of many of these clusters, and which have fascinated observ-
ers for so long. Because many observers had long questioned whether such features
were real, it is pleasing that at least this controversy has provisionally been put to
rest. Could such forces also have produced gaps in otherwise uniform distributions
of stars and thus have pulled them into chains and loops — producing the mysterious
dark lanes?

As globular clusters age, a period of internal collapse gradually takes place,
briefly slowed and halted when the interactions of the clusters’ numerous multiple
stars produce forces that prevent anything further. Eventually, however, the gravita-
tional effects of so many stars randomly interacting upon each other also produces
sufficient acceleration in certain members of the cluster to fling them out of the
cluster itself, as the older clusters enter the next phase.

With the shedding of some of the total cluster mass, internal collapse resumes.
This is something we may be witnessing in the apparent shedding of some of the
stellar members in those clusters — those spidery ‘arms,” whose trails of stars seem
to be more than merely coincidental in their formation and appearance. Apparently
the host galaxy itself (the Milky Way) plays a role in attracting some stars away
from the cluster and is continually involved in the slow stripping away of the clus-
ters” members, as each globular approaches the galactic core during the closest
approach of its elliptical orbit. In these cases, such spidery ‘arms’ as we see around
such clusters represent trails being drawn towards the Milky Way’s core (adding to
the significant quantities of Population II stars already existing there).

It has been projected that far into the future, all the stars of all globulars will
have been absorbed into the greater whole. Meanwhile, as the stars of each globular
cluster are gradually drawn together to form an even more massive and dense core,
the opposite of stellar shedding can also occur as a result of new gravitational inter-
actions. Speculation is still rife as to whether black holes have formed at the cores
of many of these structures. Long considered to be theoretically a logical outcome
of cluster evolution, at this stage, however, this is still as uncertain as is also exactly
what represents the next phase of their existence. We can only ponder such things.
However, all the controversies about these structures continue to make it impossible
to be absolutely definitive about any aspect about them.

For the purpose of this writing, the most interesting aspect of star clusters of both
types remains the common occurrence of what look like dark lanes intersecting
them, quite different in appearance to Barnard’s nebulae. Today this is still something
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of a mystery, even a scientific enigma. There has been a good case made for some
leftover remnants of the interstellar medium remaining in the vicinity of many open
clusters. Some traces of dark dusty matter do indeed seem to be evident around
certain examples, indicating that not all dusty and gaseous matter has been neces-
sarily used up or blown away during star and solar system creation. However, it is
fairly difficult to observe such dark nebulous forms at the eyepiece, especially since
the total luminosity of open clusters tends to be only moderate and the stellar mem-
bers sparse. Thus it is difficult to tell if we are seeing actual lanes or just gaps in
the fabric. However, such lanes do indeed seem all too apparent on some images,
showing a basis in reality at least to the perception.

Regardless, recent investigations have failed to eliminate the unique-looking
dark lanes to many observers so frequently evident in globular clusters. Thus they
remain one of the more interesting and challenging controversies that surround
them, although there are significant authoritative sources that do not seem to
acknowledge them at all. One cannot help but notice the conspicuous lack of dis-
cussion in these places about any such feature. However, while it seems reasonable
that leftover matter might be present in the vicinity of many recently formed open
clusters, the existence of such star-forming matter at this late stage in globular
clusters seems to be an unlikely scenario. But, are we perhaps seeing merely unus-
able dusty leftover matter, akin perhaps to that found around some open clusters,
but presumably of a different composition, while reflecting some part of
Population II star life cycles instead? In order to block out the light of portions of
such dense populations of brilliant stars, it would seem that whatever constitutes
their makeup would have to be quite dense. Because we know so little about how
Population II stars came into being in the first place, it does not seem unreasonable
to articulate such thoughts.

Since Lord Rosse first noted and sketched the appearance of lanes in 1845 (the
“dark rifts”) within the globular Great Cluster M13 in Hercules (Fig. 5.2a) with his
giant 72-in. telescope (the ‘Leviathan of Parsonstown’), they have been a source of
controversy among some in the astronomical community. Commentary from that
period reveals inquisitiveness and bafflement about the lanes from the very
beginning, and they remain the best known of such phenomena. A column by
Edwin S. Holden of the Lick Observatory, published in The New York Times, from
1892, discussed the lanes (‘channels’) at great length, but ultimately was unable to
come up with any cohesive explanation. (It is interesting how all things in space
were compared, comfortably, with Solar System subjects at that time!) Long after
Lord Rosse discovered and described those ‘rifts,” better known now as the
‘Propeller Lanes,” they ‘disappeared’(!) for decades and were considered likely to
have been transient or perhaps only temporary features. Interestingly, the ever-
perceptive Robert Burnham, in his Celestial Handbook, makes clear reference to
the lanes, at a time (during the mid twentieth century) when few observers seemed
to notice them. Often described as being “at one time visible,” however, it seems
that observers simply forgot what to look for or where to look, or maybe they
expected more immediately obvious lanes: a prime example of lack of visual
preparation.
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Fig. 5.2 (a) M13, The Great Cluster in Hercules: Drawing by Lord Rosse (1845; 72" reflector)
(Reproduced by kind permission of the American Astronomical Society (AAS)). (b) Sketch by
H.C. Markham 1886, 12" Refractor (Reproduced by kind permission of the American
Astronomical Society (AAS)). (¢) Image by Antony Cooke 2009; 18-in. reflector
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However, certain photographs from before and after Burnham’s time reveal them
quite clearly, and so thus, it would seem that most observers were looking in the
wrong place! But perhaps the lanes’ appearance really did change.

In Rosse’s original sketch, the lanes appear at a decidedly central location
within the cluster, which may account for these features being ‘lost in action’ for
so long. Only a half century later, in the 1888 book Nature (edited by Norman
Lockyer), the three dark lanes in the cluster are mentioned. However, and con-
spicuously at that, reference is made that the lanes appeared at a distance from the
center, so some off-centering may have always been the case, despite their appear-
ance in Rosse’s sketch.

In the Astronomical Journal of 1886 (Volume 7, issue 164, pages 156-157),
Prof. Mark Harrington provided Rosse’s sketch of M 13, along with his description
and a sketch by H. C Markham (Fig. 5.2b). Compare Rosse’s image, Fig. 5.2a, with
b from 1886, where their position is located significantly to one side of the cluster.
An astute observer, Rosse was not likely to have been careless in his original place-
ment of the lanes, so what are we to make of this? Although the drawing is similar
to Rosse’s, there does indeed appear to be a marked change evident in the position
of the lanes themselves. This was followed by a startling summation that while at
that time it had not been determined what the ‘rifts’ constituted, their position in
the cluster had indeed changed during the half century that intervened between his
observations and those of Rosse. Half a century indeed could have provided suffi-
cient time for possible shifting of the lanes’ position.

So regardless of how much off-centeredness was actually meant by the comment
in Lockyer’s book, it does indeed seem possible that the lanes’ positions — at one
time during the century-and-a-half separating Rosse’s sketch and present day
views — could have actually rotated around the cluster relative to our present view-
ing point. Or, if the lanes are instead dark interstellar matter lying externally to the
cluster, could it be that the alignment of the cluster and lanes relative to our view-
point has simply drifted? A typical present day view of M13 (Fig. 5.2c) may be
seen and compared. Although such views do not appear to differ significantly to
those of 1886, we may never know if they moved between that time and that of
Lord Rosse! Regardless, mid-twentieth-century photographs do not indicate any-
thing noticeably different in the lanes’ position than present day views, so the
mystery remains. Speculation by this writer and others concerning any possibility
(and measurability) for relative motion of the lanes in M13 could valuably be
expanded with research toward finding answers to these questions in all such
objects.

Visually, we should differentiate between two distinct types of dark lane in star
clusters. First, and perhaps less startling, are those lanes that appear often as fairly
wide swaths, cutting through and typically located around the clusters’ outer struc-
ture. These can appear in both open and globular varieties. So although quite appar-
ent in many globulars, they are not exclusive to them; similar looking dark lanes
may be seen in other deep space structures, too, especially bright nebulae. In open
clusters, they are likely to be quite randomly placed and shaped, although more
frequently appear more to one side of the cluster, even externally to it. However,
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when seen within globular clusters, these lanes typically take more arc-like forms,
sometimes lengthy, frequently coinciding with these clusters’ rounded outlines; in
other instances, they can be seen as finger-like or V-shaped protrusions, jutting into
the structure at random places.

However, and significantly, the second type of dark lane in question is exclusive
to globular clusters and seems to differ substantially from any dark feature crossing
any other deep space object. These lanes typically take the form of fine, sometimes
straight dark lines, of a character, while not necessarily comparable with the famous
lanes seen in M 13, do show some similarities at times.

Striking once sighted, their presence is very common in a surprisingly large
proportion of these clusters and may be placed adjacent to the core itself. Could it
be (once again), that the gravitational influences of the clusters’ multitudes of close
stars has shaped as yet unidentified dark material into such formations? Or could it
be the direct result of the influence of those very visible star chains we see so often
within them to produce gaps in the otherwise consistent fabric? Continued careful
examination of this latter variety of lane, along with some available research stud-
ies, makes it difficult to conclude that they are external to these clusters, since usu-
ally there does sometimes indeed appear to be a link to the form they take and the
alignments of adjacent stars within the cluster. Sometimes, since the lanes seem to
follow lines or chains of stars, even outlining them, this does not seem unreasonable
(see M79, later, for an example of this phenomenon). Certainly, their uniquely fine,
often straight characteristics would seem to be at odds with what we observe else-
where. Unfortunately, all too little comment is readily available in documentation
from the astronomical community, and as such, it is rare to find any meaningful
discussion about this phenomenon at all. We can therefore only speculate on their
origins, although there have been a handful of astronomers who have been so struck
by the lanes that they have studied them, despite failing to reach definitive
conclusions.

Although nothing concrete can be ascertained from any study to settle the matter
once and for all, the comments of these researchers seem to go further than remain-
ing ‘on the fence.’ In 1959, in the Astronomical Journal of the American
Astronomical Society, Dr. Helen Sawyer Hogg (who worked with Harlow Shapley,
especially regarding the study of globular clusters) wrote a very telling article
(Volume 64, Number 10) on globular clusters. Towards the end of the article her
words must surely have rung true for anyone who has spent long hours trying to
make sense of the dark lanes and other such features seen in these objects.
Significantly, Dr. Hogg also pointed to the limited attention paid them, even at this
level of research, but especially pointed out that the striking appearance of such
lanes in many globular clusters, along with a less conspicuous appearance in others,
was not dependent on latitude. Thus, this took into account those regions of
increased interstellar matter in the galaxy between Earth and the clusters. One would
naturally expect to encounter increased dusty matter closest to the plane of the gal-
axy and in the direction of greatest dark nebula concentration. One can readily see
that this factor seems to have no apparent effect on the presence or non-presence of
dark lanes, or the degree of how strikingly they appear in any particular cluster.
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While referencing that the lanes themselves had never been conclusively
demonstrated either to be real or a result of alignments of star chains and other
random gaps, in quoting her expertise with photographic evidence, Dr. Hogg was
firmly of the opinion that the features were indeed true nebulous matter, while
acknowledging that the generally accepted scientific position is that any such dark
interstellar matter cannot exist within a globular cluster. However, some of
Dr. Hogg’s other key points revealed a logical analysis and thought process. She
remarked:

e That comparisons with other similarly placed deep space objects revealed no
such features, especially within objects situated at high latitudes in the galaxy.

* On the small dimensions of the dark lanes, and the value of high contrast filters
in observing them effectively (both characteristics borne out by this observer).

* On the need to measure any possible light absorption of stars bordering the lanes
themselves.

* That, and most significantly, if such features were seen in other deep space
structures, no one would question that they were part of them!

However, research to date has still been unable to determine whether the lanes
are located within the clusters themselves, or between the observer and them, which
remains the critical and most perplexing issue. It is quite important to the discussion
that while globular clusters have been used to study and measure the effects of dim-
ming caused by dusty interstellar matter, regrettably, not of such dimming of the
stars within the clusters themselves. Such dusty matter is broad in scope, producing
generally increased reddening of the stellar components according to distance and
has been useful in plotting the locations of greatest dust concentrations. Thus,
globular clusters have helped to ensure that the interstellar medium of our own
galaxy is well accounted for. However, at no time does there seem to be any correla-
tion between it and further analysis of dust absorption around the fine lanes we see
in the clusters themselves.

On the other side of the coin, in his report from the 1970s, Harry H. Ricker III
published the findings of his study on interstellar dust filaments, which included
careful reference to those that appear to belong to globular clusters. In his opinion,
Ricker concluded that long exposure images revealed these streak-like structures
extend far beyond the clusters themselves, and thus belong instead to the interstellar
fabric. But the controversy has never gone away, as there seems to be an absence of
further comment on Ricker’s thoughts from anyone in the astronomical community.
And if these streaks are common to all interstellar space, as Ricker supposes, the
bright background created by globular clusters makes a direct comparison to it
problematic, if not impossible. Certainly it is still possible that at least some of the
apparent lanes we see in open clusters, if not all, could be attributed merely to random
separations of the stellar components.

Surprisingly, in a stunning contradiction to Ricker’s position, in its entry on
globular clusters in the online Encyclopedia Britannica the exact opposite conclu-
sion is reached! In attempting to explain the phenomena, the article makes comment
on the difficulty of explaining the presence of dark lanes in globular clusters.
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However, the summation of its remarks about these features is that such nebulosity
could not be the result of superimposed matter in the line of sight between the
observer and the cluster itself! Unfortunately, this traditionally unimpeachable
source fails to cite any scientific study or evidence to support this uncompromising
conclusion, so apparently we must continue to ask if shockingly bad science is still
practiced in high places.

As has always been the case, it thus remains challenging to find the kind of
information and ongoing research that might help put the question to rest. However,
the visual phenomenon remains, whatever the explanation, providing more than
enough reason to keep looking. As shown in the Hubble Space Telescope image in
Fig. 5.1, gaseous shreds are seen in the vicinity of cluster NGC1850 (lying within
the Large Magellanic Cloud). Despite the fact that we are looking upon a very dif-
ferent class of ‘globular-like’ cluster, that is not only in its infancy and comprised
of Population I stars at that, is it nevertheless totally unreasonable to suppose that
perhaps this image may hold a key to unlocking the secrets of the dark lanes in the
Milky Way’s own globulars? The gaseous and dusty matter does appear in linear
strands and shreds. Could something similar have created the apparent lanes in
those globulars billions of years ago, when their own Population II stars, too, were
in their infancy? If so, we can only conclude that such remaining matter is appar-
ently being gravitationally held in some kind of suspended equilibrium that pre-
vents its dissolution. Farfetched? Maybe.

Regardless, these mysterious features remain among the most fascinating
observable aspects of each cluster in which they appear. Strangely, seldom are they
considered by most observers to demand careful examination as entities in them-
selves, presumably since the lanes are easily missed when looking for brighter
things. Thus they continue to be often overlooked entirely, not even worthy of com-
ment when glaringly present in the field of view! However, once one has let go the
initial awe of the magnificent glowing orbs themselves, including the unique attri-
butes of each one’s stellar components (i.e., form, size and distribution), for those
observers whose interest has been stimulated by the sight of lanes within these
structures, they may represent the most interesting aspects of all.

Dark lanes in star clusters have other special visual qualities that do not necessarily
typify those we see in dark lanes or belts within other celestial sights, often jumping
out only with increasing time at the eyepiece — at which time they appear so obvi-
ous it is hard to imagine they were not readily seen in the first place. Although
narrowband filters have special value, again there can be no doubt that image inten-
sifiers (and to a lesser degree, CCD video cameras) take contrast to the next level
in star clusters, a quality that may prove invaluable. The reason for this is simple
enough — stars are only perceived as points of light; there is nothing diffuse or
questionable about how they will appear — either they are visible or not.
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Regardless of a star’s dominant color it emits a broad spectrum of light. Stars
that can be seen without intensification will always be more brilliant with intensi-
fication. Although old red/orange Population II stars dominate globular clusters,
‘red/orange’ stars will be brighter than ‘blue’ stars, but blue stars will still be
brighter than in the natural view. Thus, because image intensifiers exaggerate the
illumination of all stellar points (and hence, the overall luminosity of the cluster),
dark lanes tend to stand out against these points. This is even more pronounced in
globular clusters, of course, because of their predominant red/orange star makeup.
Naturally an appropriate amount of magnification needs to be selected in order to
split these clusters into points, especially with the smaller clusters. However, it is
not necessarily a requirement to resolve stars to the maximum extent in order to
bring out any lanes between them. As long as sufficient power is utilized to reduce
glare and resolve fine lanes, this is the primary consideration, since delicate dark
features tend to be the norm within many globular clusters. However, because
image intensifiers offer a more limited range of useful magnifications than that of
simple optical eyepieces, utilizing the most appropriate power to make out lanes
may not be possible in every case.

Furthermore, it is probably fair to assume that most observers will not have
access to an image intensifier, so nothing here is meant to imply that observing dark
features in globular clusters without such equipment cannot be realistically under-
taken — far from it! While intensifiers do offer tremendous advantages for sure,
making dark detail starkly obvious, in many instances they may not necessarily
reveal any more information than may be attained with care and time at the eye-
piece. There are, of course, times that they will, so their special value cannot be
overestimated. However, regardless of preferences or means, one should always try
using whatever is on hand, not excluding various narrowband filters, and in con-
junction with conventional eyepieces, image intensifiers or CCD video cameras,
because the outcome is always uncertain, with the potential for revelation always
possible. For instance, although narrowband filters may reduce overall brilliance at
the expense of seeing dark lanes, in many instances, thus, their use will be a ‘wash.’
However, the opposite is almost as likely to occur in other examples. We should,
however, be aware that filters of any kind are less likely to be beneficial with elec-
tronic enhancing devices; they usually only dull the view without significant advan-
tage. But one never knows for sure. So perhaps the most important aid of all when
viewing of these objects is an open mind; allow sufficient time for the eye to fully
settle and extract detail.

You will also find that sometimes there are multiple ways that one may ‘see’ a
cluster. According to the moment, the less prominent lanes may appear to regroup
themselves into differently connected wholes, but this may be subjective rather than
actual. Less questionable dark lanes gradually make their presence known fairly
definitely, becoming unmistakable. Many other dark features are subtle to be sure,
which may be why some of the visual conclusions in the following pages may not
concur with yours. Similarly, imaging methods differ from one observer to the next,
and with consequently differing results. No matter. Look for yourself, and always
stay open to the prospect of possible sighting of dark lanes in any star cluster.
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Open Clusters

Despite whatever we may be able to see, open clusters remain at the periphery of
this topic; although dark lanes may be seen in numerous examples, with only a few
exceptions there is little comparison to be made with the prominent lanes we fre-
quently see in globular clusters. Regardless, it would be a disservice to oneself not
to spend a little time with some of the more prominent members of this category;
the results will prove interesting at very least, and perhaps suggest the prospect of
seeing features previously never considered.

The ‘Wild Duck Cluster’ M11

M11 is perhaps the most strikingly dense of all nearby open clusters, to the extent
of sometimes being compared visually to a globular cluster. Impressive in any view,
though not more than 13’ in size, it was so-called because of its resemblance to a
flock of ducks in flight, with a characteristic ‘V’ of ducks in the fore. The sight of
what appear to be increasingly wide dark lanes mostly ahead of the ‘leading’ edge
of the cluster has been a cause of speculation for a long time; they may be readily
seen at the eyepiece. Careful examination of the region on this side of this cluster
does indeed tend to suggest that we are observing more than just spaces between
the stars. However, it is hard to be certain. The appearance of lanes in this cluster
is all the more interesting due to their placement to one side, their striated zigzag-
ging form, and the depth of darkness on that side of the cluster being unquestion-
ably more than on the other. The ‘leading’ line of imaginary birds is sharply cut
from the pack by one such lane, perhaps the most prominent of many emerging
from the center of the cluster and present on one side only.* Looking objectively at
Fig. 5.3 will make it hard to conclude that no true lanes exist. The ‘lanes’ only seem
increasingly prominent as the image scale is reduced (lean back), especially if one
partially closes ones’ eyes when examining it.

(*Any doubt that perhaps this particular cluster has been incorrectly identified
as an open cluster can be laid to rest by examining readily available color imagery;
the unmistakable identity of the cluster’s blue Population I stars is easy to see.)

MS52 in Cassiopeia

Another example, M52, in itself is a rather ordinary looking, quite sparse open
cluster, of apparent 13’ dimensions (Fig. 5.4a). However, more interesting are the
curious dark lanes — again to one side of the cluster, although essentially external
to it, and somewhat looking rather like a cosmic hand blocking the light of the stars
(as indicated in Fig. 5.4b). Instead of the more ‘logical’ placement of the lanes as
we see in M11, in this cluster the lanes are at right angles to its overall apparent
orientation. Again, try slightly closing your eyes to best see the apparent dark lanes.
Are they real or simple coincidence of random dust and stellar alignments?
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Fig. 5.3 M11, The ‘Wild Duck Cluster’ (AC)

No logical explanation for the existence of these lanes seems more fitting than
one where leftover dusty matter from the star-forming dark nebula has been blown
out of the heart of the cluster back into the surrounding space. Regardless, the pres-
ence of dark lanes within open clusters is always more questionable than with
globular clusters — which, in itself, is yet far from proven. Thus we always have to
remain objective and be open to any possible explanation for what we believe we
see, and this is no more the case than with open star clusters; we must also resist
any tendency to ‘see’ what is not there, or to conclude that it is definitely one thing
or another. Still, the argument for the existence of such lanes remains compelling.

Globular Clusters

Although the search for evasive dark lanes in open clusters can prove enormously
satisfying, it is such features within globular clusters that remain the ultimate prize.
No longer the vague ghosts we see in open clusters, dark lanes in globular varieties
usually are more obvious; certainly they are projected against far brighter backdrops.



126 5 Dark Lanes in Star Clusters

Fig. 5.4 (a) M52 (AC). (b) indicating ‘hand-like’ lanes
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Messier 22

One of the grandest spectacles in the entire sky, M22 in Sagittarius will never disap-
point even the most jaded viewer, and it will put on a decent show even from light-
polluted locations. Many observers consider this globular the finest in the northern
skies, even more than the celebrated and more distant M13 in Hercules, despite the
actual size of the latter globular being far greater. It is hard to disagree. M22 is
much closer, however, which gives us a cosmic ringside seat, so to speak. That the
cluster appears so huge is only because of its proximity to us of 10,000 light years,
which makes it among the closest of all. In fact, at ‘only’ 70 light years in diameter,
it is small in comparison to the dimensions of many others, but it is stunning to
view, at better than 6th magnitude, of an apparent huge 32’ size, and with an easily
resolved stellar population.

A glimpse at the image Fig. 5.5a of this awesome sight provides a ready assess-
ment of all the possibilities that globular clusters offer us as observers, in this case

Fig. 5.5 (a) M22 (AC). (b) M22 (1) A very striking and dark serpentine-like lane twists right
across the periphery of the cluster. Careful examination even of long exposures will reveal
traces of this long dark lane. (2) An extremely prominent heart-shaped ‘marker’ for reference
and orientation in this cluster is this bright arrow-like grouping of stars, giving easy orienta-
tion. They stand out immediately, even in long exposures. (3) Look carefully: here are perfect
examples of fine, linear dark lanes of the type so characteristic of globular clusters (bold
unbroken lines); these stand out more clearly with time at the eyepiece. (4) It is easy to trace
this wide, less deeply obscured V-shaped region as it weaves its way deeply into the cluster.
(5) Another dark serpentine lane cuts a path across on the opposite periphery, not quite
as pronounced as in (1) but well visible nonetheless. More striking is the way it seems to cut
off and destroy the cluster’s symmetry on this side, giving it an almost flat contour.



Fig. 5.5 (continued) (6) Here are three darkly mottled regions; less pronounced examples of a
similar nature may be spotted across other parts of the cluster. (7) Three parallel dark ‘fingers’
(bold unbroken lines): again, prime examples of the fine straight dark lanes we see in globular
clusters, individually more typical of those that we will see in other clusters, as they cut into the
brighter region of the cluster. (8) Another less pronounced wide lane, similar in some ways to
(4), separates the brighter central portion from the perimeter. A unique aspect, perhaps, is the
way it seems to separate further into mottled blobs. (9) A fainter example of a typical wide lane
in this cluster also exists in this more distantly placed position; probably of a similar nature to
(4) and (8), nevertheless it is placed across a less brilliantly lit outer part of the cluster. (10) Yet
another dark lane snakes around the cluster, appearing to be part of (1), a feature that is so
pronounced in the image. (¢) M22, overexposed image
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especially that of its relatively easily seen dark features. Look further, and you will
continue to find more dark detail than you ever thought possible, as outlined and
discussed here (see Fig. 5.5b).

M?22 appears perhaps more studded with dark detail than other globular clusters,
probably because not all of them are, in fact, true dark features. Large stars seem to
spill out towards us, with many mottled and dark lanes blotted all across its face. The
cluster is remarkably loose in its structure, lending some validity to the counter theory
that dark lanes in clusters are merely uneven groupings of its stars. There is no way
to tell if such random separations are typical of all globulars, even when more densely
populated, and in any event, increasing densities of stars would entail increasing
gravitational interaction between them. However, that might explain the lanes!

The image here, Fig. 5.5¢, also makes clear just how much information is usually
eliminated from the majority of images we see. We have become accustomed to the
overexposure generally utilized on these subjects in order to reveal the full extent of
the clusters’ outstretched reach. However, M22 is rare among its brethren in that
considerable overexposure is needed to entirely eliminate all the dark features!

Regardless, aside from the grand appearance in the eyepiece of this cluster
looming out of the darkness towards us, an interesting anomaly exists within it, in
that it is among the few known to contain a planetary nebula among its stars. (You
may recall that such forms are rarities in the stellar populations of these ancient
structures, so perhaps they have been pulled in by the globular’s gravity from
another external source.) Hubble telescope images have also revealed the possible
existence within M22 of large planetary-sized bodies, the influence of which has
been measured in the cluster. Thus we have evidence that solar systems are indeed
possible in such crowded environments, though it would seem logical that planetary
objects orbiting any star in a globular cluster would have highly unstable paths.
Could such orbiting masses possibly have produced some of the lanes and irregu-
larities we see in so many of these structures?

Because Fig. 5.5a is more typical of live views at the eyepiece than most images,
we could also be led to assume that the considerable apparent unevenness of stellar
illumination is the natural result of a wide range of star sizes and brightness. This
is probably not the case, however. Rather, might it be the result of dusty clouds and
trails of matter located somewhere in the line of sight between Earth and the cluster,
even within the cluster? This appearance is even more the hallmark of M22 than
most globular clusters. Although the detection of certain dark regions in these
objects is partly subjective, there can be no doubt that many such features are per-
ceived in reality, regardless of what is responsible for what we see.

Aside from the unevenly illuminated appearance in M22, a little careful inspec-
tion will begin to show increasing numbers of the telltale and convincing signs of
actual fine, spindly and dusty lanes crossing the face of the cluster. Although the
number and variety of these features is exceptional within this particular cluster,
they are quite characteristic of those we see in other globulars, albeit being gener-
ally fewer in number. Use the guide in Fig. 5.5b and accompanying notes to trace
these features in Fig. 5.5a, just as with other examples later in the chapter, compar-
ing them back and forth.
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Another aspect shown in M22, as with many other globulars, is the streaming
of stars, presumably being drawn away from the cluster by the forces discussed
earlier. Before galaxies, as island universes in their own right, were recognized and
understood as such, these trails (as evidence of spiral form) were the subject of
much discussion. Having discovered spiral form in the “Whirlpool Galaxy,” Rosse
considered it to be present in many other deep space objects as well; he believed
he had observed it. As we know now, that is certainly not the case, although the
cluster’s rotation is evident: notice how linear star trails seem to radiate mostly
clockwise. By contrasting what may be traced when examining many other images
of this spectacular object, it may be quite problematic to recognize what we see
here in this particular image, and rare to find any amount of discussion of anything
detailed here.

In order that the details listed would show well in the image it was necessary, as
we have discussed previously, to keep the exposures sufficiently short so as not to
fog the image with light and thus obliterate delicate detail. Although standard expo-
sures of globular clusters usually reveal further outward layers of stars, most surely
would agree that the images utilized here are sufficiently resolved to compare
fairly realistically with good views at the eyepiece. Since obviously what is best
with any given telescope and conditions is a ‘moving target,’ suffice it to say the
objective here was to demonstrate what should be discernable where moderate aper-
tures, maximum observing potential and visual skills are all in play. And we must
also be aware of the difficulties of directing one’s attention to features within the
cluster, some of which are none too obvious even to experienced observers. These
features are represented as well as possible on the page, although in practice will
probably be more subtle.

As is the case with many others, various magnifications and exposures show
additional special traits in M22, some of which are more likely to be revealed at the
expense of others. However, one cannot dismiss the value that different apertures
and sky transparencies produce. Soon it will become apparent that the variations of
illumination are so great that only careful examination with multiple powers will
reveal all that there is to see. Figure 5.5¢ shows the effect of increased brightness,
or indeed exposure on the same image. Look carefully at the upper left corner of
this particular image, for example, where a fairly prominent narrow dark lane and
multiple branches begin to show themselves. In fact, further inspection of the image
shows that the cluster is studded with other such lanes in all directions!

It seems contradictory that such a dense group of gravitationally locked stars
could possibly take such a near-random placement, so any conclusion that consider-
able interstellar dust is blocking some of the light from these stars would not be
unreasonable. One could go much further with the overexposure than shown here,
but it would result in total obliteration of all dark detail, the common conundrum.

Messier 4

Perhaps the best example of globular cluster to reveal loops and chains of stars,
this relatively sparsely populated example also shows striking dark lanes as well.
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Like M22, M4 (Fig. 5.6) appears so large (at 36') only because it is nearby, when
it is, in fact, quite modestly proportioned in comparison to other globular clusters.
However, it is perfectly positioned to give us a revealing look into the order of
stellar positioning within globulars in general; such features seem to indicate the
effects of gravitational influences of one kind or another. Most striking is the pro-
nounced central ‘bar’ of stars, a feature that has been commented upon for genera-
tions (and seen in other globulars, too, such as M79), although this cluster has so
many interesting visual attributes that it is hard to decide which is most significant.
However, some of the most striking features are outlined in the guide image and

Fig. 5.6 (a) M4 (AC). (b) (1) This is the pronounced central ‘bar,” so much discussed by many
commentators. Its brilliance and dominant form seem unique to any cluster. (2) This is perhaps
the most prominent loop of stars in the entire structure; it is immediately apparent upon first
glance. (3) A fairly long, arc-like chain of stars at the periphery of the cluster, and one of many.
(4) Another chain of stars, but curved in the opposite direction to that of the cluster. (5) A shorter
chain of stars, similar to (4) in its opposing curvature. (6) One of the longest chains outlining
the cluster. (7) One of several long winding fine dark lanes that divide the periphery of the
cluster; this one is very prominent. (8) A less prominent but similarly long and winding dark
lane, curving further from the core around half of the circumference. (9) Another winding dark
lane on the opposite side of the globular. (10 and 11) Suggestions of additional dark lanes, more
distant yet from the core
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Fig. 5.6 (continued)

numbered references that follow. The apparent dark lanes are shown, in order of
prominence, as solid single and dotted lines. You may also notice the many outward
trailing lines of stars surrounding the greater cluster and seemingly pointing in the
direction of apparent rotation; additionally, the cluster seems to be surrounded by
multiple linear chains of stars.

Messier 15

Another fine example of globular cluster to examine is M15 in Pegasus (Fig. 5.7).
At over 33,000 light years away, and with an apparent size of 18', it is one of the
most compact globular clusters in the Milky Way, its dense core revealing the evi-
dence of intense stellar interaction and apparent collapse. The core is so brilliant
that it suddenly outshines all that surrounds it without a gradual increasing bril-
liance towards it, the typical case in the majority of these objects. This certainly
indicates core collapse, and not the usual migration inwards of the densest stars.
Indeed, after ongoing research involving the Hubble telescope, it appears that M 15



Fig. 5.7 (a) M15 (AC). (b) (1, 2, 3) These are serpentine-like lanes that wind across the outer
perimeter of the cluster; (1) becomes extremely narrow, before opening out once again. (4) By
comparison, a generally darker semi-circular lane, which seems to circumnavigate the entire
brilliantly lit central region; well contrasted against the very bright collapsing core. (5) Another
serpentine lane, similar to those in (1), (2), (3). (6) Here are two dark lanes (indicated by black
lines) further inside the more diffuse ‘lanes’ of (4) and appearing to dissect the brilliant com-
pact core into a less than circular form by ‘slicing off” part of each side
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Fig. 5.8 Location of the planetary nebula Pease 1 (enlarged — same orientation), with markers
and pointer for identification (AC)

harbors a massive black hole at its center, which is hardly a surprising finding.
However, conclusive determinations still remain at the center of controversy.

Like M22, M15 is also notable in that it is one of only four Milky Way globular
clusters in which a planetary nebula has been detected among its stars; it is visible
in this image. Refer to the guide (Fig. 5.8), where it is revealed at the leading edge
of a small clump of stars. At magnitude 14.9 (remember, this is the magnitude of
the entire nebula, not the central star!), it is a faint object to be sure. As such, you
will not be able to discern Pease 1 in the manner that other planetary nebulae are
normally seen because it is far too distant; this includes the central star, of course,
which remains well below the threshold of visibility. This is because most observ-
able planetary nebulae lie within 1,500 light years, and Pease 1 lies at a distance 22
times as great. But you might take pleasure in catching a glimpse of the location of
a truly rare sight while visiting the star cluster.

Some of the long winding lanes in M15 are highly reminiscent of those in M22,
although at the highly concentrated core its overall appearance is totally different.
Stragglers of stars being drawn away around the circumference of the cluster are also
clear in the image; although not so pronounced a feature as in many other examples,
they do not take a clear directional course. Needless to say, different eyes in different
circumstances may see things differently and may also be able to discern more dark
regions and lanes than detailed here. However, not all can be easily shown and indi-
cated; and sometimes it is just hard to be sure of the exact details of all we are seeing.
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Messier 79

This globular, M79 in Lepus (Fig. 5.9), is a very beautiful example, if relatively
distant in. It is another case in point for its dark lanes and details; interestingly, it is
perhaps part of the remnants of the newly discovered Canis Major Dwarf Galaxy.
The possible designation of extra-galactic origins is still the subject of considerable
controversy among the astronomical community, as are most things concerning
globular clusters, and even the Canis Major Dwarf. However, the possibility of the
exotic origin of this cluster is promising and would do much to explain its rather

Fig. 5.9 (a) M79 (AC). (b) (1) The prominent V-shaped dividing lane(s). A central bar of stars
(a little reminiscent of that within M4) cuts through not quite the middle of the core itself. (2)
This is a difficult lane to see, short and fine, and it may be hard to detect in live views at the
eyepiece. (3) Another narrow lane, similar and virtually parallel to (2), on the outskirts of the
cluster. Again, this will be difficult to see on all but the best nights and with larger apertures.
(4) A lane close to and adjoining (2) and (3); quite fine, but a little longer and darker, as well as
being a little easier to see and find. (5) Another peripheral lane, although of moderate width and
prominence, with some curving around the cluster. (6) A curved lane, fairly prominent and
relatively close to the core. (7) A wide dark region, sweeping away from the cluster. (8) Similar
to (7), but its sweeping characteristic is in the opposite direction. (9) Indicated by adjoining,
finer lines is a similarly ‘V’-shaped lane from the core to the south, and easily seen on the
image. (10) A curious arc of stars, presumably a coincidental alignment, but is it possibly
indicative of tidal pull?
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Fig. 5.9 (continued)

unlikely position so far outside that of the majority of globular clusters, especially
any as large as this.

Characterized by a prominent V-shaped straight-sided dark streak across two
parts of the core (a remarkable dark lane that divides its core into two uneven parts,
and frequently ignored in many commentaries), superficially it appears otherwise
as a well-homogenized subject with some stellar stragglers seemingly dispersed
around it in anti-clockwise formation, again familiar to observers of these struc-
tures. Further examination of this subject will also reveal no less than two other, but
less prominent, fine dark lanes running 45° to the central lane, plus a lopsidedly
shaped core, looking more like a parallelogram. Additionally, still more fine lanes
may be found, albeit even less pronounced, plus other wider regions of darkness.
Smaller in the field of view than many of the better-known clusters (an apparent 9"),
it is nevertheless of substantial dimensions, being more than 110 light years in
diameter. Certainly, the most prominent dark lane alone, and the globular’s overall
brilliance justify the time spent at the eyepiece.

Overall, aside from that semi-circle of stars surrounding it, one cannot help but
notice a kind of linear dominance within this cluster. These chains of stars appear
to outline the dark lanes, something we often see in globulars, as discussed
earlier.
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Messier 2

A colossal cluster, populated by over 150,000 stars and at least 175 light years in
diameter, beautiful M2 in Aquarius ranks as one of the largest of all of the Milky
Way’s globular clusters. Because of its distance of over 37,000 light years, it
appears fairly compact (at 16’) in the eyepiece but is strikingly beautiful and lumi-
nous because of its grand stature. Exquisite, silvery and refined, the observer may
conclude that the cluster consists of many small stars, when, in fact, it is the dis-
tance and density that creates this illusion, something that quickly explains the
almost magically fine appearance of its stellar population. John Herschel famously
thought its appearance was remarkable and likened it to “a heap of fine sand!”
Careful examination reveals that the cluster’s stellar distribution is far from even,
having multiple regions of uneven illumination, along with corresponding dark
lanes. However, the most significant dark lane curves around one side of the cluster
and may be seen quite easily in Fig. 5.10 to the left in the image. Interestingly, once

Fig. 5.10 (a) M2 (AC). (b) (1) This is the reported dark lane of so many observers, which
definitely can be seen to occupy just one side of the cluster. Appearing more like a dark
shadow than a sharply outlined lane, nonetheless, with averted vision it is striking indeed.
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Fig. 5.10 (continued) (2) Within the better-known dark lane region there exists a further dark
region, encircling most of the cluster, and easily obliterated in longer exposures. (3) It can be
seen that another lane, similar to (1), although not nearly so prominent, also exists, completing
a ring around the better part of the periphery. (4) Another dark region, not unlike the famous
lane but less well-placed, so that it may not be noticed or elicit comment. (5) The fine straight
dark lane referred to in the text, a typical feature of globular clusters. (6) Striking dark V-shaped
dark notch cuts into periphery of the cluster

the position of this lane is known, it is not too difficult to trace it on highly exposed
images of the cluster, where vestiges of its dark form often remain. There is also
one fine, straight lane pointing outwards at the 2:30 position; it is this very type of
lane that seems unique to globular clusters. Additionally, many straight chains of
stars radiating outwards give an almost three-dimensional effect of an exploding
ball of lights.

Additionally, keen eyes might be able to detect many more dark indentations,
and even more lanes around the circumference of the cluster; they certainly appear
to be the result of some amount of obscuring matter, rather than haphazard arrange-
ments of the stars. Their overall appearance frequently parallels the streams of stars
radiating straight outwards in all directions.
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If we approach viewing all globular clusters in the manner just outlined it will be
discovered that there are very few that do not offer something worth a second look.
If the number of potential examples that reveal telltale dark streaks and lines seems
almost endless, it is, in fact, because there are very few globular clusters entirely
devoid of them. Obviously, some lanes are more prominent than others, and such
features as may be present might not be immediately obvious; naturally, different
clusters will be more forthcoming than others, and viewing methods and conditions
that offer the greatest contrast will be the most productive. The type and form we
might expect these dark features to take should by now be clear, together with how
they actually might be anticipated to appear in the eyepiece.

Most of those we have previously detailed are relatively prominent in the sky,
among the most likely to have elicited a few comments (albeit limited) in publica-
tions that they reveal dark lanes; certainly these grander examples will tend to be
the most generous in this regard; the list can easily be expanded to include many
other well-known globular clusters and includes especially M3 in Canes Venatici,
MS5 in Serpens, M13 in Hercules — clusters no less compelling. However, one
should not presume that lesser-known examples, typically not such brilliant spec-
tacles, will be significantly less forthcoming.

MI10

A glance at M10 in Ophiucus (Fig. 5.11), for instance, immediately reveals interest-
ing details, all too typical of any globular cluster that is bright enough to provide
some contrast. The complexity of what we see here is remarkable, from the lop-
sided appearance of multiple dark lanes, many of them of that fine serpentine
character seemingly unique to globulars, to the ring-like semi-circular lane sur-
rounding part of the core. The nature of these details separates this globular from
most. Without providing the level of analysis we have utilized for prior examples,
we will allow the image and guide to speak for themselves, but what we might
expect to see should be increasingly clear by now. In M 10, the remarkable number
of dark lanes (represented by both black as well as white lines) is shown, with those
on the periphery and less obviously tangible in dotted lines. Different observers will
naturally report different results, but it would be hard to deny that this cluster rep-
resents a special treasure trove of fine dark details and lanes, and at an apparent 20’
size, it is large enough to deliver them.

While M10 is merely another example of the sizable resource awaiting us, this
cluster is a fine one, to be sure. All in all, for those who may choose to study these
objects closely, from the most striking and varied features in globular clusters to the
faintness and rarity of dark lanes in open clusters, these deep space objects may
provide sufficient reason to justify an observing program to the exclusion of practi-
cally every other.



Fig. 5.11 (a) M10 in Ophiucus (AC). (b)
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This list of star clusters represents a good cross section of many of the best exam-
ples to observe, most featuring dark features of some kind. Although not in any way
intended to be complete, the list is comprehensive and varied, and it includes some
appropriate observing information for each item.

Precise magnitudes and dimensions are greatly subjective, and may be perceived
differently according to many variables. As in previous chapters’ listings, this cata-
log has been revised to be more in accordance with the prevailing estimates of a
wide range of many contemporary observers. As a result, the various designations
are more in line with those found in The Night Sky Observer’s Guide (Kepple and
Sanner; Willmann-Bell, Inc.) than Burnham’s Celestial Guide (Robert Burnham;
Dover) and appear more as averaged estimates rather than exact determinations.
However, the updated approach should not be taken to imply any less reverence for
Burnham and especially the unique insights that he provided; Burnham’s very com-
prehensive system was built on solid perceptions, scientific evidence and logic.

Each object is listed with, its catalog number first (NGC or other), next magni-
tude, angular size, coordinates, the constellation in which it can be found, and a
short description of interesting features. Below each listed globular cluster is a
link(s) where the most suitable reference image — at least, from a perspective of
revealing dark details — may be found online, if available, together with comments
regarding the image(s). Globular clusters are among the most poorly represented
deep space objects from the perspective of noting dark features. These features are
subtle and do not reveal themselves easily; overexposure wipes them out, and even
some of the finest highly resolved imagery tends to relegate them to obscurity.
Although it would seem that the best detector of all is the human eye, infrared
sensitive devices frequently render them more visible.

It should come as no surprise that a large proportion of globular clusters are high
in the NGC catalog — located close to the heart of the Milky Way.
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Chapter 6

Dust Belts and Dark
Features in Galaxies

For this chapter we will exit the confines of our own galaxy and venture out to the
vast expanses of the greater universe. The very same types of dark features that we
may observe locally are no strangers to distant locations, of course, except from so
far away we will usually see them quite differently — mostly as large blends of what
we previously saw as multiple dark objects. Now they will be melded into single,
or at least far fewer, separate entities. The variety is considerable. Although certain
other galaxies approximate the views of the vast twisted dark belt surrounding the
Milky Way, (easily visible in grand photographic projections), it is hard to find
another example with identical visual attributes throughout the countless galactic
forms in the readily visible universe. The interconnected dark features we see are
typically galaxy-wide dust belts, or, from above, large dusty regions (just parts of
those same belts scattered within the arms of the nearer galaxies). Seen from the
side they appear as great dark swaths of jagged matter dividing the illuminated
whole into two parts. Were we able instead to isolate the many smaller dark nebulae
from across intergalactic space they would look much like what we see within our
own galaxy. However, what we are seeing, of course, is the greater form and extent
of the galactic interstellar medium, something just as significant as anything else
that makes up a galaxy. As such, it is appropriate to think of galaxies as star facto-
ries, and the dark interstellar matter the raw material.

Because of the huge scale of these galactic belts, the striking and bold contrasts
they often show against the host galaxy, and the endless variety they present from
example to example, you may even conclude that these are the ultimate dark fea-
tures of all to observe. Indeed, these belts have the potential to provide some of the
highest levels of satisfaction in observational astronomy, be it live or imaged.
Ultimately, some avid deep space observers may be hard pressed to find that the
relatively smaller ‘local’ sights within the Milky Way hold quite the same level of
intrigue and interest.

A. Cooke, Dark Nebulae, Dark Lanes, and Dust Belts, 153
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Part of the fascination is in knowing that galaxies represent complete island
universes in their own right, no less so than our own galactic home. The visibility
of interstellar matter within them reinforces that we are witnessing vibrant and
ongoing systems external to our own; who could be blamed for imagining the pos-
sibility of other civilizations within these systems? From the perspective of any of
these remote destinations, a completely different view of the rest of the universe
would exist. Instead of the somewhat personal vision we have of our place in the
cosmos, the Milky Way would be just another galaxy, categorized in the same
impersonal format we use for all other galaxies. Perhaps a catalog entry from a
remote galaxy for our own little corner of the universe might read of it: “a huge
barred spiral, featuring a striking but irregular dust belt with vertical extensions
dividing its entire length...”. We, as living beings within, would certainly be no part
of that equation.

Always with the tantalizing prospect of discerning detail in remote corners of
the universe, observational astronomy is all the more meaningful when the promise
is fulfilled with something approaching the imagery displayed in books. This is not
something that happens too often. We do have the prospect of seeing truly remark-
able views of these structures in real time, although we will need to temper our
expectations according to realistic potential, and for that to take place, we will need
truly dark skies and transparent air. Even then, the brightest galaxy is still not
exactly easy to see, which makes any realization in the eyepiece of spiral form itself
a thrill that can hardly be exaggerated, as well as the sobering reality of the incon-
ceivably large distances that separate us from what we see. This is especially the
case since reasonable apertures of modern amateur telescopes perform this task
even better than did the giant instruments of the nineteenth century.

Of those galaxies that present readily observable detail to the observer from Planet
Earth (that is, within a radius of around 100 million light years), there are barely two
even remotely alike in the eyepiece. It has to be said that while merely seeing spiral
arms may be many an observer’s greatest joy, there are innumerable other details that
separate each example from the others. The best of them reveal pronounced dusty
features, with all manner of subtleties, dark and light, the combinations of which
have much to do with the unique appearance of each. With the theme and focus of
this writing, we will thus cast our attention to all those dark details we can see, to
include surrounding dust belts (which exist in a wide variety, frequently with surpris-
ing detail), other concentric dust lanes, regions of apparent darkness within or
between spiral arms, the striking medley of dusty features in peculiar or colliding
galaxies, or any number of other unusual dark defining detail.

We must return to the historic record; once again, it shows Lord Rosse at the
forefront, as it seems he was the first observer to document dark features in galax-
ies. Because such revelations are scarce to find among published findings made
during those times, Rosse’s recorded observations of the dark central region of
MS82 make clear that his perception skills, as well as the power of his telescope,
were on the cutting edge of his age. During the present day, however, with modern
means and knowledge, we don’t have to look far to find dark galactic detail.
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The exception is, of course, elliptical galaxies, which remain largely featureless to
our eyes; however, there are seemingly countless galaxies of the other varieties
within reach that will yield something and make for productive viewing directly
through the eyepiece.

To best appreciate which galaxies are most likely to show dark features, it will be
instructive to review the standard classifications of galaxy types, which may be cat-
egorized according to their state of formation or structure; such characteristics play
an important role as well in knowing what to look for in each type of galaxy. The
straightforward system of classification that Edwin Hubble developed in 1936 is
still in use today, although others have added to and refined it as they sought to go
further. For our purposes, however, the basic Hubble system remains sufficient,
largely without these additions. Below is a general synopsis of this system and the
galaxies to which it applies, without undue later added on sub-categories:

o Spiral galaxies: ‘S’ denotes spiral structure; SA denotes unbarred form, that of
the standard spiral; Early spirals, (‘a’ type), such as SAa galaxies, are indications
that the galaxy will be dominated by a bright core and less pronounced spiral
arms. A galaxy (‘c’ type) shown as SAc (a late type spiral) will tend to have
more prominent arms and a less pronounced core, while other variants (ab, b,
be, c) all reflect different degrees of spiral evolution. Interestingly, ‘early’ and
‘late’ terminologies may possibly be misleading, and depend on which perspec-
tive of time we are referencing; ‘early’ type galaxies contain more old stars than
do ‘late’ types. Thus ‘late’ means formed lately, and early from early in time.
Occupying a shallow plane around the core, spiral arms contain numerous young
stars and are home to their formation, and thus wavelengths of light being
emitted from them tends to be predominantly in the blue portion of the
spectrum — the characteristic wavelengths of young stars. Thus we can see
the degree to which early spirals have exhausted their star-building materials, as
the wavelengths grow increasingly yellow/red. As to their formation into spiral
form, there is no correlation in galactic stellar motions to the ‘Catherine
Wheel’ firework model, where the stars would gradually ‘wind up’ close to the
core. Rather, they result from density waves that trigger arm formation and
encourage star formation.

* Barred spirals: Barred galaxies follow a similar logic of classification. Although
in many ways similar to non-barred varieties, they are plentiful, but fully barred
galaxies do not quite exist in equal numbers. The SB designation is for
barred galaxies, while SAB indicates a galaxy has certain qualities of both
barred and non-barred. In fact, it turns out that more spiral galaxies show some
degree of barred form than those that do not, even if only mildly; it takes only a
little perturbation of stellar movement within the galaxy to cause the formation
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of such structure. They are presumed to be transitional phenomena and are more
likely to form in slower rotating galaxies. Higher speeds of rotation is the key to
preventing bar formation by giving the stars and gas rotating around the core
sufficient momentum to prevent them from falling inwards into a bar — a natural
outcome of the galaxy’s stars moving in lockstep relative to each other and the
effects of any slight unevenness of mass densities within the galactic disc.
Because only gas molecules can effectively exist in close proximity (stars
always remain separated) the central mass of interstellar matter at the core is
able to keep building during this period. We can sometimes observe this matter
along the length of the bar.! Ultimately, however, the very mass of a strong
barred formation works against it, as the increased mass around the core changes
the gravitational balance and eventually eliminates the bar! Interestingly, it
seems that gravitational irregularities caused by the bar itself can act as a catalyst
for the collapse of the galaxies’ greater dark nebulae, which, of course, results
in new star formation.

Other than simple SB or SAB galaxies, we might see such designations as
SBc or SBb, or even SAab. Such carefully blended designations of mixed-form
barred and non-barred galaxies are not uncommon, presumably the result of bars
in the process of creation or dissolution. In cases of both characteristics being
present, and additionally being ‘early’ or ‘late’ examples, we may see even more
complex designations, such as SABbc. Although this may seem complicated,
really it is very straightforward; the descriptive letters follow a simple and logi-
cal sequence and serve to provide graduated and subtle differences from galaxy
to galaxy.

» Elliptical galaxies: Among other galactic forms are ellipticals — classified as
type E. These appear as essentially featureless shapes, from spherical through
increasingly elongated, and are characterized EO to E7, the latter being the most
elongated. Ellipticals appear to be the oldest galaxies, and as such, their pre-
dominantly Population II stellar makeup is heavy element poor (in astronomical
terms, metal poor). Because most star-forming gas has been used up and is not
being regenerated by these stars, the result is a mass of stars, homogenized into
structures devoid of interesting visuals. Thus, their stellar makeup differs con-
siderably from that of spirals, and they lack dark features because of their lack
of star-forming matter; we can safely forget these galaxies in the context of this
writing. Because the stars that make up these galaxies are quite deficient in
heavy elements, the overall masses of elliptical galaxies are surprisingly low,
although the largest examples may be comprised of more than a trillion stars.
Even the largest examples are likely to have lower total masses than the average
spiral, but they tend to dominate the central regions of the galactic clusters to
which they belong.

"Such dark features along galactic bars were extensively studied, as well as being discussed in
detail, by E. Athanassoula in his paper, “The existence and shapes of dust lanes in galactic bars”
(Observatoire de Marseille), should the reader be interested in detailed analysis of these features,
which is beyond the scope of this book (see reference section).
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* Lenticular galaxies: SO types, sometimes take on a structure and shape in some
ways similar to spiral galaxies, both barred and un-barred, and when seen edge-
on may even have dust belts around their circumferences. These belts tend to
gravitate towards their cores, however, and therefore do not take on the appear-
ance of completely intersecting the entire length of the edge-on view. Although
they have been termed ‘armless spiral galaxies,” this designation is not altogether
accurate. However, typically any spiral form within them is hard to detect,
though it may be present to a small degree. Overall such structures are much less
defined than traditional spirals, and more like ellipticals in many respects.
Where they do show some spiral structure, they are known as SAO non-barred
lenticulars and SBO barred lenticulars. Star makeup is predominantly of older
Population II types, and the typical absence of significant amounts of usable gas
and dust (interstellar medium) precludes much ongoing stellar creation. As such
they appear to be one step away from becoming elliptical galaxies.

e Irregular and peculiar galaxies: Additionally, there are irregular galaxies (1),
consisting of smaller, relatively unstructured forms; many dwarf galaxies are
irregular, their forms appearing nebulous and vague (i.e., the Magellanic
Clouds), although sometimes vague traces of spiral structure may be evident. We
usually associate these galaxies with larger galaxies (in some ways analogous to
small fish acting as companions to larger fish!).

Peculiar galaxies (Pec) usually form as a result of gravitational interactions
or actual collisions with other galaxies, so they would appear to be transitional.
With dark detail galore resulting from interstellar matter being thrust into chaos,
peculiar galaxies are likely to provide much fertile observing ground, especially
with new stellar activity. Modern research has demonstrated that many actually
are ‘starburst’ systems (see below), which typically, coincidentally, are also the
result of galaxies colliding. The upshot of these collisions is the occurrence of
powerful internal gravitational forces that lure and compress the interstellar gas
towards the core of the larger and surviving galaxy; this increased pressure, in
turn, generates enormous increases in stellar evolution and production.
Supernovae must be a common event.

Two prime examples of colliding galaxies are M82 in Ursa Major (see Fig.
2.1g), and NGC 5128 (Figs. 6.1 and 6.2), otherwise known as Centaurus A.
Until recently, these were simply labeled peculiar galaxies, without an explana-
tion for their bizarre form being understood. They are both stunning sights to
behold. In the case of Centaurus A, this galaxy is a strong radio source that
turned out most likely to be a large elliptical galaxy devouring a smaller spiral.
Located near globular cluster Omega Centauri NGC 5139 in the southern sky
and one of the brightest galaxies in the sky, Centaurus A is a most interesting
and remarkable sight, but regretfully the galaxy is not readily accessible for
many Northern Hemisphere observers. In comparison to the splendor of the ESO
image (Fig. 6.1), Fig. 6.2 shows the galaxy’s more likely appearance in the eye-
piece, diminished maybe, but amazing nevertheless, especially when one is
aware of the many dark subtleties on display.
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Fig. 6.1 Centaurus A, NGC 5128, a large elliptical galaxy colliding with a spiral, has resulted
in a highly active starburst region within a wide dusty mantle (image courtesy ESO)

Thus it would seem that most peculiar galaxies probably share similar roots,
and really do not represent a true separate galactic designation at all. However,
the term still hints well at what we might expect to see and certainly is an apt
designation for such transitional forms. Many of these galaxies, including both
MS2 and Centaurus A, emit a powerful ‘nuclear jet’ from both sides of the core
at right angles to the galactic plane. To date, no one fully understands these jets,
but they are plainly visible on many observatory plates in wavelengths not nor-
mally visible.

Other strange-appearing galaxies may be the result of ‘ram pressure stripping,’
having been deformed and transformed into unrecognizable shapes, something that
also occurs in certain regions between members of a galactic cluster, known as the
‘intra-cluster medium.” In galaxies, these significant regions of inter-galactic space
create super-heated X-ray sourcing gases that cause violent winds within any
nearby galaxy unfortunate enough to pass by, ultimately drawing star-forming dark
materials right from it. The galactic victim may assume any number of distortions,



Classification of Galaxies 159

Fig. 6.2 Centaurus A, NGC 5128 (AC)

but likely it will result in strange dish-like shapes in the direction of the winds,
along with the galaxy’s dark nebulous material being blown right out of it in that
same orientation, twisted and broken into fragments.

Because peculiar galaxies, especially, have many varieties of striking dark
features, as well as frequently appearing explosive regions of star forming activ-
ity, they frequently offer remarkable viewing potential, especially with image
intensifiers and CCD video cameras (to a lesser degree). Many otherwise unseen
regions of glowing dust may be readily detected with their use, while dark regions
are thrown into stark relief against more brightly illuminated backgrounds.

e Starburst and Seyfert Galaxies: Although not listed as different Hubble desig-
nated types, these are indicative of some variants in the normal galactic order
that occur. We have already seen that many peculiar galaxies are the result of
ongoing galactic collisions, usually causing them to rank also as starburst types,
which feature accelerated rates of star formation. The subsequent merging of
these separate entities into one is the presumed outcome. Because huge reser-
voirs of increasingly high-pressure gas may be suddenly available in the central
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region of such a galaxy, an unstable environment exists at least temporarily. The
result is an onset of rapid star birth with extremely massive stars being created
in far larger ratios than normally would be the case. Hence, the natural outcome
of this would be frequent supernovae, which seem to be quite common in these
galaxies. However, this condition is usually considered transient before the
newly emerging larger galactic structure settles down again in its new form.

Although there are numerous variations as to what constitutes such galaxies, the

characteristics of accelerated stellar output are consistent, and explosive conse-

quences the norm.

The other galactic variant worth mentioning here, Seyfert galaxies, appear to
be the result of extremely dense gas concentrations surrounding and spewing
from their highly active and radiant cores. They feature extremely bright nuclei,
along with probable massive black holes at their heart, along with the bright
emission characteristics of the gases of star fusion, but in highly ionized forms,
including molecular hydrogen, oxygen and helium. The regions surrounding the
typical massive central black holes are extremely active in ultraviolet and X-ray
wavelengths, and radiate infrared spectral characteristic of higher temperatures
than normally seen in other galaxies. While conforming in most other respects
to conventional galaxies, Seyfert galaxies have been given the additional identi-
fying characterization of Sy.

* Further letters added to the designation, outside Hubble’s normal terminology
and from which we might benefit, mean other characteristics are apparent. For
example, SA(s) means the galaxy is ‘S’ shaped; (r) indicates the galaxy has a
prominent ring close to the core. (See Seyfert galaxy NGC 1097 later.) Another
example of later further refinements of Hubble’s designations would be the
lower-case letter ‘d,” which refers to very late spirals with indistinct arms, often
split into multiple components; however, we will not utilize this designation
here. Because we are more concerned with specific dark features rather than the
determining of any of a given galaxy’s specific detailed structure — and as
revealed by one form of viewing or another — it is probably sufficient to be
guided by the larger characteristics alone, although occasionally the designation
‘d’ might seem warranted. For more complex designation refinements and addi-
tions, refer to such sources as The Night Sky Observer’s Guide (Kepple &
Sanner; Willmann-Bell, Inc.). There you will find a near-limitless array of all
possible designations, along with detailed explanations, although at times this
can be quite confusing. Generally speaking, these designations will do little to
help us in our search for dark features. Just the classifications utilized in this text
ought to be sufficient to guide us to those galaxies that are most likely to reveal
significant detail. Regardless of what we might expect to see from any given
designation, though, the chance for the unexpected always remains!

The term ‘Hubble Tuning Fork’ (Fig. 6.3) was coined to describe the often-
sketched type of diagram that best sums up Hubble’s galaxy designations, as just
described. If we take the diagram at face value, all types of galaxies appear to
be headed towards one final destination, that of becoming the elliptical type.
Although the predominant Population II stars of these galaxies presumably have a
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Fig. 6.3 The Hubble Tuning Fork (diagram courtesy NASA and ESA)

developmental cycle far different from the Population I stars of spirals, one can
easily see how confusing early- and late-type spirals could cause them to appear on
the diagram in the opposite order of their creation. Thus the analogy is not the
simple sequence of events that it appears to be. Thus, the terminology might seem
to imply that the predominant stellar makeup of ellipticals — those of Population II
type — could somehow have evolved in reverse, where Population I stars making up
early spirals morph into Population II stars! However, it can be seen that the order
of spiral evolution on the diagram does, in fact, reflect an accurate scenario.

At least for now it certainly seems that ellipticals represent the ongoing fusion
of many galactic collisions, and at this stage it is fair to say that the questions of
these galaxies’ creation and evolution remain yet to be fully understood. The theory
that elliptical galaxies represent the last destination for all galaxies should not nec-
essarily be the only conclusion to draw. However, it seems likely. It should come as
no surprise that recent revelations show some star formation still taking place in
parts of these galaxies (but of Population I types only); the collisions with star-
bearing galaxies would be expected to snare ongoing generations of Population I
stars and its interstellar matter. However, the long-term continuation of these types
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of stars seems limited, since the increased star-making matter and starburst activity
that usually results from galactic collisions would accelerate both the formation and
rapid demise of the new generations of Population I stars.

Regardless of the order of creation, the Tuning Fork does sum up the structures
of galaxies extremely effectively and makes clear the similarities as well as the dif-
ferences at a glance. Thus the simple presentation shown by Hubble’s characteriza-
tions serves our purposes well.

Astronomers measure the total mass of any given galaxy by examining spec-
tral lines, specifically with wavelengths in the hydrogen HII portion; the most
massive galaxies, relative to Population I stellar content, to the least massive may
be determined by formula. Unsurprisingly, those galaxies exhibiting significant
star creation rank among the most massive since they contain so much unused or
reusable material. Specifically, late-type spirals are comprised of most of those
massive stars, their gas reserves sometimes exceeding the total mass of the com-
ponent stars; earlier-type spirals are less so; lenticular types may have surprising
amounts of gas, but typically much less than early spirals, their predominantly
Population II star makeup not being very massive. Ellipticals are the least mas-
sive, relatively, of all types, their frequently huge dimensions belying their old
metal poor stars.

Predominant gases present in star-bearing galaxies, aside from molecular hydro-
gen (better known as HII), are carbon monoxide, nitrogen and other carbon/oxygen
or hydrogen/carbon compounds — even water vapor, helium, as well as many traces
of exotic gaseous compounds. However, it is because of the HII regions, which
fluoresce through ionization during stellar creation, that we can see so much of the
processes involved.

Our viewing prospects and potential are highly dependent on the internal makeup
of galaxies, which is reflected relative to their designations. Visually, because SAa
types have such bright cores and little, if any, prominent spiral structure, they often
look virtually the same as ellipticals in the eyepiece. There will thus be almost no
chance of seeing any type of detail, especially detail of the kind that is dark or
dusty. SAD or c types offer better viewing opportunities, and they may be surpris-
ingly forthcoming in face-on views with dark features in the live view (i.e., SAc
type, M33 the ‘Pinwheel Galaxy’), due to extensive and very active HII regions in
the arms and the contrast that results within them. Galaxies often appear interesting
only because of the dark features imposed on these structures that seem to define
them and account for much of the way we see them.

Regardless of the viewing method you use, it is impossible to predict with cer-
tainty how any given galaxy will appear in the eyepiece. Ultimately, trial and error
is still the last best guide, since all subjects react to telescopic scrutiny differently.
However, if you are looking for the best candidates, at least you might start with
those most likely to produce interesting dark features and visuals.
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Obviously, the angle that any particular spiral galaxy is presented to us is of
great significance, too, since the edge-on view provides the most compressed view-
point, especially of its dusty matter. Barred galaxies, SB types, offer no less poten-
tial than unbarred SA types, and the same guidelines of categorization again may
be followed. In some ways, their barred form makes them even more interesting to
view. However, from an edge-on perspective, the concentrations of dusty matter
make direct observations of galactic cores impossible, although the resulting dark
‘equatorial’ mantles can provide highly contrasted views against the light from the
galaxies’ stars. The dark belts we see in the best galactic candidates often cross
their entire spans; variations in width, darkness, as well as other interesting features
may be detected along the dust belts’ lengths, including clumps of luminosity
appearing as mottling and glowing formations. These clumps of luminosity are the
very stellar birthplaces of stars within the galactic arms, where seemingly cold inert
gas transforms before our eyes. If this activity were happening deep within the disc
of the galaxy it is likely the resulting light would be obscured by concentrations of
dust — and the effect of would only be compounded from the side orientation. Thus,
it may be reasonably deduced that when we can see it in edge-on examples, such
activity is occurring towards the outer regions of the arms.

Although we are therefore likely seeing more of the periphery of the dust belts
than what lies deep within them, edge-on galaxies may present far more varied
appearances than one may have suspected. We should also be aware that maximum
concentrations of dusty matter tend to congregate not only in the flattest plane of
the galactic thin disc but also nearest the core. These usually thin out progressively
towards the perimeter, which explains why the dark belts of edge-on galaxies usu-
ally seem to trail off into undefined space.

While many galaxies are not precisely aligned with respect to our viewpoint,
they are close enough to have similar attributes. In cases of many almost edge-on
galaxies there may be further potential for other dark features to be seen within their
overall structures, such as concentric rings and arms. We should also consider those
dark regions between the arms of face-on and near face-on spiral galaxies, because
most do seem to reveal darker spaces and lanes, often looking darker than the sur-
rounding space. While it is generally believed that interstellar matter is confined to
the arms, it has been reasonably suspected to exist in some degree between them,
though clearly it is insufficient to foster new stars.

Despite interstellar material being spread throughout the galactic thin disk, the
matter that comprises galactic dust belts appears relatively tenuous when we look
above the spiral. Thus, throughout the full range of perspectives, from face-on to
edge-on, galaxies may exhibit dark features in different ways, whether full-width
circumferential belts (i.e., NGC 4565), dark regions and lanes within or between
the arms (i.e., M64, the ‘Black Eye Galaxy,” actually the result of a galactic colli-
sion; see observing section later), or dark spaces, even mottled dark blotches
throughout the entire structure (i.e., NGC 253; see observing section later). And of
course, the ultimate dark feature, a black hole — although invisible — is usually
presumed to be at the center of most galactic cores. Present studies of stellar
motions orbiting the center of the Milky Way seem to strongly confirm such a
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presence, although unsurprisingly, the black hole itself is not observable, even from
this relative close range.

Elliptical galaxies, typically featureless, tend to be least interesting visually.
However, in many ways their stellar makeup and distribution resemble the galactic
bulges of spiral galaxies, giving rise to additional speculation about their past.
Multiple collisions and fusions could also explain why the largest galaxies in any
supercluster tend to be ellipticals, often of huge dimensions. Their bland appear-
ance is thus to be expected, but their role in the cosmos is still unclear. (From the
Milky Way Galaxy, as part of the Virgo Supercluster, we look out into space from
our own place in space to two nearby giant ellipticals in Virgo, M84 and M87; these
are central to the local galaxy supercluster, of which we are a part).

Somewhere between the two extremes of galaxy types — spiral and elliptical —
are lenticular galaxies. Despite the occasional presence of well-contrasted dust
lanes and traces of arms, the general lack of new star formation within them renders
most of these formations fairly smooth and uniform in appearance overall. We
should not expect to see any dust lanes spreading far and wide as with late-type
spirals, but rather, concentrated close in to the core region. Nevertheless, unlike
ellipticals, lenticular galaxies occasionally provide exceptional viewing potential.
The beautiful and precisely edge-on NGC 5866 in Draco comes to mind, with its
exquisitely defined narrow dust belt, one of the most striking in the sky (see observ-
ing section later).

When using electronic enhancing equipment, some simple guidelines may be
useful — for example, the strongly enhanced appearance of edge-on galaxies with
dust belts. The key to all of this is infrared light and HII fluorescence, both frequen-
cies that suit these devices well. In this respect, one’s expectations with enhancing
devices may not match that of the conventional. In many face-on examples with
predominantly bluer light emerging from hot young stars, one would normally
expect the radiation emitted from within such regions to reduce the visibility of the
arms. This, however, does not take into account where quantities of fluorescent gas
are present, and such expectations are only sometimes in line with actual results.

Views of two grand galaxies reinforce the unpredictability of each subject’s
expected appearance with this approach. In truly dark locations, the ‘Whirlpool
Galaxy,” M51, an SAbc type, and the ‘Pinwheel Galaxy,” M33, an SAcd galaxy —
both face-on examples — are just two such sights that astound many observers each
and every time. Although the designation SAcd seems ideal, SAbc would be less
so. It might seem somewhat mysterious why M51 is the more impressive of the two
visually. Here then, even with the various factors outlined above, perhaps it
becomes clearer why it is impossible to always be accurate in anticipating results.
We can be sure that when we are wrong, favorable light transmissions (due to thick
fluorescent gas and visible from a perspective above the arms) are not blocked by
thick accompanying dust; meanwhile, those mottled regions of active star forma-
tion may be sufficiently plentiful throughout the arms to outline spiral form or
other features. Thus for the best viewing method to see dark detail or spiral form
in face-on galaxies, as with everything else, ultimately you may just need to
experiment.
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With enhancing equipment, concentrations of red and infrared light in hot, dusty
and gaseous regions (stellar nurseries) are more likely to be visible, and hence
edge-on galaxies tend to be most obliging in this regard; in fact, they may be less
striking in the conventional view due to that very dust! Dust grain size also plays a
significant role, as the larger particles are capable of generating more infrared light
than smaller particles.

However, wavelengths of visible light emitted by the creation of new stars may
also become extinguished by thick concentrations of cold, dense and yet inactive
regions of the very dust that enables future stars’ creation; consequently, highly
active regions in a galaxy may not be radiant with such frequencies from our view-
point. The situation is further compounded by the diffusion of light resulting from
its scattering by the dust grains themselves, especially where it is most dense.

For this reason alone, many galaxies with a strong red and infrared footprint not
only may be among the least openly radiant in normal visible wavelengths but
infrared and even ultraviolet wavelengths may be extinguished as well. However,
this is a factor of degree from one galaxy to another. It is thus possible to see why,
visually at least, all of these variants can cause the exact opposite effect we might
have expected when viewing or imaging any given example, despite the method of
observing chosen. Suffice it to say, one can hardly overemphasize the need for
maximum contrast, regardless of how one goes about it.

Any means of increasing contrast will only make dark features more prominent,
but some aids will do more harm than good, since galaxies are mostly quite faint
and may be dulled overall as a consequence. UHC filters may well dim the view
too much; we should remember how faint the majority of galaxies actually are.
Thus we will usually lose more than we gain. One should never underrate the value
of simple direct viewing with conventional eyepieces. In many instances, they will
provide remarkable views, and always with the greatest extent of the galactic halo
evident, along with certain intrinsic elements that are hard to describe. Image inten-
sifiers, and to a slightly lesser degree, CCD video cameras, both of which are par-
ticularly sensitive to infrared light, may be ideal to turn loose on edge-on galaxies,
with the typically strong infrared emissions of these subjects. This is not to say that
they will be ineffective with others, but good results are more likely to be assured
with galaxies placed edge-on and near edge-on relative to us.

However, because most galaxies are not exactly edge-on in regard to us, it is here
that things get increasingly interesting. With increasingly face-on orientations, dark
belts will shrink from view. It is quite normal to be disappointed by what follows,
but there is always the prospect that multiple dark features within the arms may
jump out, with widespread regions of distinct brighter mottling that reveals stellar
birthplaces galore.

It is hard to be definitive about what to expect, since it depends on the galaxy
under study and the density of interstellar matter under irradiation. Some of the
grandest sights might have seemed to be the least likely to oblige, especially with
enhanced viewing. This writer has been just as often astounded at what could be
seen in the most unlikely subjects when using these devices (i.e., face-on
galaxies) — usually considered the least likely to succeed. However, most often
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those that are the most surprising are Sac or SABc types, which you may recall
have well developed spiral arms and frequently much star-forming activity. So
perhaps such surprises are not so remarkable after all. However, in suburban situa-
tions, results are much more likely to be in line with one’s initial negative expecta-
tions; these galaxies are unlikely ever to provide satisfactory viewing of such
details. Thus, one should bear in mind that different viewing methods produce
subtly different results. Nevertheless, most approaches do not make these subjects
unrecognizable.

In light of the often-dramatic appearance of edge-on spiral galaxies in the eyepiece,
regardless of viewing method, let us begin with this category. Examples that are
nearly edge-on with regard to us often show similar attributes, and indeed, because
of the potential to glimpse inside the spiral, sometimes reveal previously unsus-
pected detail. The differences in what we may see from example to example are
quite remarkable, and there is no way to predict exactly the appearance of any
edge-on galaxy. Although the characteristics of these orientations are the dividing
dust belts, these features may be more readily revealed than spiral form in face-on
galaxies.

NGC 891

One of the most striking fully edge-on galaxies in the sky is NGC 891 in Andromeda
which, along with larger appearing and brighter NGC 4565 in Coma Berenices,
rank as the finest examples in the sky. NGC 891 is sometimes easily missed at first
glance in the field of view, but may actually be the more visually interesting galaxy
of the two. Only NGC 891 is precisely edge-on, but both galaxies are distinguished
by their full-length, easily discernable dust belts, which divide them equatorially
along their entire widths into two nearly equal components. (NGC 891 appears
remarkably akin to hi-hat cymbals in a drum kit!).

NGC 891 was discovered by William Herschel and is categorized as an SA(s)
b-type spiral. However, it seems there are telltale traces of what is often termed a
‘peanut’ shape in the central core region, normally a clue to the identity of barred
spiral classes of galaxy.

Check the image below; although slight, the effect is there, so hopefully one
might be forgiven for speculating that this could actually be a barred spiral of some
kind. Some astronomers have compared NGC 891 to the Milky Way as a kindred
galaxy, and indeed, confirmation of barred structure would make that comparison
even closer, since modern astronomy has revealed that the Milky Way is likely also
to be barred. At a distance of just under 30 million light years and as a member of
the local supercluster of galaxies, NGC 891 does have a relationship to the Milky
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Way, by default, both of which also belong to the same greater supercluster (the
Local Group). NGC 891’s distance can hardly be considered near, but it neverthe-
less ranks as one of the closer galaxies and looms remarkably large in the field of
view, being an apparent 13’ in width. Often placed high in the sky for Northern
Hemisphere observers, in good conditions it is among the most accessible galaxies
to view.

Regardless of its outstanding attributes, NGC 891 does require a certain degree
of viewing expertise and patience at the eyepiece. Some observers report missing
seeing the galaxy entirely, although this is more likely an outcome of trying to view
it in less than dark skies. However, because of its substantial size in the field of view,
it appears perhaps dimmer than its stated magnitude suggests it should be, although
at 10.6 it should not be expected to be among the brighter galaxies in the sky.

Once sighted and centered in the field of view, and with time to allow the eye to
settle, it is possible to discern much fine detail in this exquisite sight. Most imme-
diately apparent, even in fairly modest apertures, is the long dust belt, which com-
pletely dissects the galaxy into equal parts. However, it is fair to say that the entire
length of this feature will only be seen with moderate to larger apertures, and only
after beginning to take in the entire surroundings; indirect viewing helps, especially
in initially sighting and centering the galaxy in the field of view.

The dust belt is widest and most prominently displayed near the galactic core,
as would be expected, where it also parallels some of the region’s more brightly
illuminated knots. With yet more time at the eyepiece, more bright knots may be
seen along the length of the belt, while the galaxy seems to be almost magically
suspended in some strangely three-dimensional illusion, seemingly independent of
its surroundings. Stereo viewing with binocular viewers only enhances this effect.
In Fig. 6.4, the image of the entire galaxy, especially on the southern side of the
dust belt, various traces of the bright mottling adjacent to it that are so prominent
on well-known imagery may be detected; these bright patchy regions show in
places as fine strands of light parallel to the dust belt. Such attributes exist to a
lesser degree on the northern side, as can be better seen in Fig. 6.5b.

Detailed Hubble Telescope and other imagery have also revealed that the encir-
cling dust belt features multiple spidery vertical extensions protruding into the body
of the galaxy all along its length, although the underlying reasons for such ejections
of dust at right angles to the belt itself are yet not determined. Because of its prox-
imity, it is difficult to know how commonly such extensions may occur in more
remote galaxies, where such fine detail is harder to resolve. Interestingly, even
casual inspection of images of the dusty mantle surrounding the Milky Way shows
that similar features are present in our own galaxy as well, adding more support to
the hypothesis that the two galaxies may be near twins. Substantial traces of these
very details, readily visible at the author’s 18-in. telescope, in conjunction with an
image intensifier eyepiece, look much as they do here.

A couple of the spidery dark vertical dust belt extensions in NGC 891 can actu-
ally be detected in the author’s simple image, made improbably — as always — in
seconds. They are easier to see when part of the image is enlarged, as in Fig. 6.5b.
Although Fig. 6.5a and b show different parts of the galaxy (actually, the Hubble
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Fig. 6.4 NGC 891 (AC)

Fig. 6.5 (a and b) Courtesy NASA/STScl (AC)
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Fig. 6.6 NGC 5866 (AC)

Telescope image (b) is of the north side of the galaxy), the purpose is to illustrate
the form that these extensions take, their appearance almost at right angles to the
plane of the galaxy.

Those extensions just visible (indicated with arrows) in Fig. 6.5b are typical of
all of those seen in this subject, along with a hint of the tangled nature of the belt
itself. The Hubble image shows it interspersed with many unequal dark knots as
well the bright knots well resolved along its length.

Given sufficient aperture and resolving power, CCD video cameras should also
easily show the extensions, although viewing them with a conventional eyepiece
may present a greater challenge. In general we can expect to find that galactic dust
belts show a wide range of variation in character from galaxy to galaxy. But perhaps
the greatest visual appeal of NGC 891 is that it is so eerily evocative of the depth
and vastness of space.

NGC 5866

A small but stunning lenticular galaxy (at 4.4' wide), and precisely edge-on, NGC
5866 in Draco is a fine sight in the field of view (Fig. 6.6). It is perhaps most well
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Fig. 6.7 NGC 5866: Region nearest the core, showing the vertical dust belt extensions (image
courtesy NASA, ESA and the Hubble Heritage Team (STScI/AURA))

known for its fine equatorial dust belt, something that is sometimes seen in such
galaxies. Although its exact classification still remains slightly controversial, the
appearance of the dust belt in the innermost part of the structure would seem to
confirm that it is not a regular spiral. Interestingly, Hubble imagery also reveals
vertical extensions to the dust belt, not dissimilar to those seen in NGC 891 (see
Fig. 6.7).

M104: ‘The Sombrero Galaxy’

Among near edge-on galaxies, we cannot forgo a closer look at M104, the
‘Sombrero Galaxy’ in Corvus, another prime observational example, and at 29 mil-
lion light years surprisingly bright in the field of view, something that compensates
to a large degree for its relative compactness (at approximately 8.5 in width). As
one of the greatest gems in the sky, it also has an impressive circumferential dust
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Fig. 6.8 The Sombrero Galaxy (AC)

lane equal in visual impact to both of these prior examples. As an SA(s)a galaxy, it
appears more as a gigantic dish with very little structure evident, but we could
swear we can trace the very dark and wide, apparently unbroken dust belt all around
the disc — an illusion, of course. In the image here we really can just make out some
of its outline, as it wraps around the galaxy. Although unlikely to reveal any inner
details to the live observer, it is nevertheless a visual feast second to none, its most
striking attribute perhaps being the three-dimensional illusion of its circular shape
in the field of view, almost looming out towards us from the dark background, like
a huge chandelier, or maybe even...a sombrero hat! (Fig. 6.8).

The Sombrero is highly unusual in that little spiral structure is detectable, or
perhaps even present. The fact that it is a late type spiral would not normally place
it amongst the best viewing candidates, but it appears there is no trace of spiral
arms to break up the extraordinarily prominent and unbroken dust belt all around
its circumference. Presumably it is a form of ring galaxy, one where a lesser gal-
axy collided with the core of the larger, eliminating its spiral arms in the process.
Such ringed forms are not unknown, and occasional unmistakable examples of
such galaxies can be found in the local group. See Hoag’s Object in Serpens
(Fig. 6.9), a diminutive, extreme, though very clarifying example; perhaps it is not
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Fig. 6.9 Hoag’s Object (image courtesy NASA, Hubble Heritage Team, STScl/AURA)

too far out of line with the true form of the ‘Sombrero.” In fact, recent infrared
imagery from the Spitzer space telescope shows a remarkable resemblance to the
very surrounding ring we see in Hoag’s Object (Fig. 6.10). So, M104 may indeed
be truly armless.

NGC 2683

A contrasting sight awaits us with another near edge-on galaxy, NGC2683 in Lynx,
showing other variations of dark detail. It is an imposing and brilliant sight in tele-
scopes of moderate and larger apertures, at around 9’ wide, fills a reasonable por-
tion of the field of view. This SAD type is less than 30 million light years distant
and is characterized by many fine complex, mottled, dark dusty lanes surrounding
the centrally illuminated portion, although there is no clearly defined equatorial
dust belt. However, at only 10.6 magnitude, in order to see any refinement of detail
it does present the observer some challenge.
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Fig 6.10 NGC 104 in infrared light (image courtesy HST/NASA/ESA)

Fig. 6.11 NGC 2683 (Courtesy NASA/ESA. Hubble mosaic image)

At first glance, the mottled nature of the dust lanes gives the galaxy a slightly
knotty appearance, due to the complexity and number of dark features wrapped all
around the core. It is best to start by examining the outstanding Hubble Telescope
mosaic image below (Fig. 6.11), where the galaxy’s striking dark attributes are
abundantly clear.

Remarkably, many of the visual attributes we can see so readily on the Hubble
image are similarly visible or strongly suggested on the ‘snapshot’ on the following
page (Fig. 6.12), a very typical view through the eyepiece of moderate-size scopes.
Compare the two.
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NGC 7331

Smaller (10" wide) and less dramatic perhaps than those with extensive and obvious
mottling, but exquisitely beautiful in the field of view, is NGC 7331 in Pegasus.
It provides a view in line with expectations, as a partly edge-on SA(s)b galaxy
lying at a distance of approximately 40 million light years, and shows a strikingly
dark and dense dust belt to one side, along with clear though delicate evidence of
spiral structure. The field of view to the western side is packed with more distant
galaxies, three of which are revealed on this image intensifier snapshot, but
unlikely to be glimpsed through the eyepiece as more than the faint traces indicated
on the guide image.

Fig. 6.12 NGC 2683 (a) (AC). (b) The following details in (b) are worth noting: (1) dusty and
bright knotty regions surrounding the core are readily visible. (2) The ‘arc-like’ core region,
with dark indentations on each side that is visible in many photographs, may be seen at the
eyepiece once the observer is aware of its existence. (3) A ‘ghost’ of a distant galaxy (not num-
bered) shares the view, and may be glimpsed with image enhancing devices. (4) One of the
more prominent dusty lanes that seems to take more a ringed form around the core. (5) The
bright knot between lanes, visible on many observatory images. (6) This 14th magnitude star is
positioned near the edge of the galactic halo. For easy orientation, another 13th Magnitude star
and an adjacent fainter one on the fringe of the galaxy’s most illuminated portion serve as good
reference points
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Fig. 6.12 (continued)

We will find that often a curious ‘crossover’ takes place between categories, where
those galaxies likely to show most dark detail have their roots in more than one
precise descriptive designation. It is hardly surprising that many of our best subjects
turn out to have starburst or peculiar attributes, even if we do not necessarily list
them in the category of their more prominent characteristics. This is never more
evident than in examples that are at least partially edge-on, where such features are
more likely to be apparent, but still with some of the attributes of fully edge-on
examples (Fig. 6.13).

NGC 613

An interesting galaxy for a number of reasons is this multi-armed, almost face-on
barred SABbc spiral, which would seem a good match to our expectations of visible
detail. Led by its designation ‘bc,” we would expect this type of galaxy to have
prominent and wide spiral arms; certainly this is the case here, and the clear indica-
tions of star formation may be seen all along its length in the ESO image below (see
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Fig. 6.13 NGC 7331 (a) (AC). (b) Indicated on the reference image are: (1) the faint smudges
of distant galaxies appearing in the same field (the middle arrow refers to a faint smudge below
the brighter star, not to the star!); further to the southwest are several more, too far to the left of
this image to be snared in the field. (2) Prominent traces of fine, slightly mottled spiral arms
encircles the prominent dust lane(s), which extends inward almost to the core. Other traces of
spiral detail around the core are evident upon close examination, although we should not rea-
sonably expect SA types to have thicker arms that those we see here

Fig. 6.14). The slightly side-on perspective exaggerates the galaxy’s barred form.
This image makes an easy comparison with what we are seeing at the eyepiece
(a typical real time view at Fig. 6.15), and on this one can make out faint traces of
nearly everything that is so clearly shown on the ESO image. Featuring dusty
regions woven throughout its complex five-armed structure, it appears that dark
interstellar matter bridges what would otherwise appear to be true gaps between the
closely placed thick arms. Although fairly faint (10th magnitude) and small
(5" wide) in the field of view, the sight is exquisite to be sure, the galaxy’s one
prominently hooked arm jumping out at first glance, along with the barred form and
dark detail between the arms, even along the bar itself (with a dusty trace along its
central outline) if you are fortunate enough to have sufficient aperture and dark
conditions at your disposal.

M64: ‘The Black Eye Galaxy’

Originally presumed to be a conventional SAab spiral with a large, broad dust belt,
it turns out that the ‘Black Eye Galaxy’ in Coma Berenices is a much more interest-
ing galaxy than anyone had previously thought. Now generally believed to be the



Fig. 6.14 NGC 613 (image Courtesy ESO)

Fig. 6.15 NGC 613 (AC)
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Fig. 6.16 Mo64, The ‘Black Eye Galaxy’ (image courtesy NASA and ESA)

result of a galactic collision and merger, it is much closer to peculiar or starburst
status than previously thought, with vast regions of the belt experiencing starburst
activity. Because this collision involved two galaxies of opposing orientations, the
famous thick ‘black eye’ portion of the dust belt exposes much of what has been
captured from the incoming galaxy, while the less visually interesting inner portion
(the other galaxy) is rotating in the opposite direction! It is apparent that this has
only increased the typical starburst effect within the zone closest to the opposing
rotations.

The real time (image intensifier) images Figs. 6.17 and 6.18 are interesting on
several counts. Fig 6.17 is more typical of the way the galaxy will appear in the
eyepiece (certainly not representative of the full glory of the galaxy as shown in the
NASA/ESA image in Fig. 6.16), and Fig. 6.18, made on another occasion, is less
so, although many of the most significant traits are perhaps better shown than in
most typical conventional real time telescopic views, despite its overly grainy
appearance. Do not expect to see a large galaxy in the eyepiece, as M64 is less than
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Fig. 6.17 M 64 (AC)

Fig. 6.18 Mo64 (a) (AC). (b) Notable features of the image in (b) are: (1) extensive starburst
activity within the great dusty region, showing as bright spots. (2) The ‘black eye’ itself, amid
the mottling. (3) Traces of the great dusty belt seen from the opposite side of the galaxy.
(4) Faint evidence of the dusty arm peeling away from the ‘black eye’
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8" wide; however, its brightness and well-contrasted extremely dark ‘black eye’
make it an easy target, obvious upon first glance.

In addition, many other traces of detail, clearly evident in the NASA/ESA
image, may be seen in Fig. 6.18 with careful examination.

NGC 253

Another perennial favorite, among the finest galactic sights known to us, NGC253
in Sculptor is one of the most generous in showing tremendous amounts of dark
detail readily (including many dark features). As an example of neither edge-on nor
face-on, it is virtually without a peer. Categorized as a starburst barred spiral gal-
axy, type SAB(s)c, the galaxy is undergoing an immensely active period of star
formation predominantly in the central core. Although past collision with another
galaxy is not certain, this must surely remain probable based on its more recent
past, despite the lack of obvious remnants of the other.

As it appears now, NGC 253 has arrived at a critical state, which will eventually
play out to cause the galaxy to take on an entirely different appearance. (When our
own Milky Way Galaxy eventually collides and merges with nearby Andromeda,
M31, it will see a time of similar activity where star life cycles will play out at diz-
zying rates with dramatic and often highly explosive demises. Admittedly, this is
many millions of years in the future.)

At around 12 million light years distant, NGC 253 is one of the closest galaxies,
approximately three to four times as far as M31 but considerably more revealing in
the eyepiece. Almost any view through any telescope will provide a dramatic sight
of this huge, astoundingly detailed galaxy, and larger apertures will make fine spiral
and dark detail become really obvious, along with all manner of twists and kinked
lanes. And dramatic the view is. Visually, the galaxy is simply colossal, usually
spilling out far beyond the confines of the field of view even at low powers (30’
wide). It is also remarkably bright, at 8th magnitude, and one does not need to strain
to make out the many legions of detail. Two main spiral arms immediately can be
traced all around the galactic core, and many dust lanes and knotty regions jump
out at first glance, perhaps in greater abundance than with any other galaxy we can
find in the sky.

Trying to make sense of the image and the angle it is presented to us also eventu-
ally leads the eye to a host of additional features. These include the central bar and
the encircling form of luminous matter around the core, comprising part of the two
primary arms before they sweep outwards. When viewed with just a little more
magnification, the central region reveals increasing amounts of detail. We readily
see much dark, dusty and knotty detail on either side of the core, and particularly
within the main galactic halo. Towards the core there is a marked resemblance to
fluffy Earthlike clouds, and these zigzagging kinks seem to be unique among our
(local group) galactic viewing experiences.
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Fig. 6.19 NGC 253 (AC)

NGC 1097

The grand barred spiral NGC 1097 in Fornax is another interesting study.
Categorized perhaps confusingly as an SBbSyl1 type galaxy, it is a good example
not only of a barred galaxy with the potential for visible detail but is also a Seyfert
galaxy, which means that it has a dazzlingly bright core region with strongly ion-
ized gases and a supermassive central black hole. At a distance of approximately
45 million light years, it is only moderately placed among the observer’s best galac-
tic spectacles, and in the eyepiece its 10.2 magnitude seems to be less; the apparent
size is not an especially favorable 9’ either, although the central core is obvious at
first sight. Nevertheless, it is satisfying to observe from many locations, surpris-
ingly even in light-polluted surroundings, and there is much to see with a little
patience. There is so much more to this galaxy than merely the “bright disc” usually
described by amateur observers, but it does take decent apertures and outstandingly
dark conditions to pry some of its more subtle secrets from it. Some of these are the
dark spaces and details we are looking for, which become quite easily identifiable
with just a little effort (Fig. 6.20).
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Fig. 6.20 NGC 253 central portion (a) (AC). (b) (1) The outlying dusty region is well shown,
intermingled with the northern arm. (2) Multiple dusty spots and mottling are readily visible,
all part of the encircling shroud of the arms adjacent to the bar, and before they sweep out from
the galaxy. (3) Dark, many-pronged recesses and notches are well resolved. (4) A dark outlying
region within one of the spiral arms is well seen. (5) The southern arm; extensive mottling is
evident throughout the region. (6) One of the two spiral arms is easy to spot, although it is quite
narrow. (7) This is the much-celebrated dark lane, now only one of many notable dark features.
(8) A dark region around the core that seems to show that dust is placed throughout the thin disc
of the galaxy. (9) Look very carefully: here are traces of the central bar itself. It is not obvious;
one just has to know that it is there. However, with just a little patience, its presence — angled,
among patchy mottling that makes it easy to miss — will reveal itself unmistakably. This is
especially so at lower powers (see again Fig. 6.19), where the suggestion of greater linear lumi-
nosity shows itself in the direction marked. Try ‘squinting’ at the image here, and you will
more than likely be able to detect it readily. (10) This is another well-defined dark region, part
of the southern spiral arm, and much larger than most, it appears to be dark detail at the end of
the central bar as the arm begins to separate away from it
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Fig. 6.21 NGC 1097 (image: Courtesy ESO)

Let us first examine what may be seen of this galaxy at the eyepiece of moderate
to large amateur telescopes. Figures 6.21 and 6.22a—c should lead you to some of
its more significant and observable attributes. Under truly dark skies, the two arms
of the spiral form can just be detected (although one needs to look very carefully),
along with the barred shape of the galaxy. Looking further, beyond the brilliantly
illuminated central core, traces of dark lanes and regions between the arms seem
evident. Although these are not as dark as the surrounding void of space, this dem-
onstrates well the dilemma of whether interstellar matter can exist in these regions,
as well as how much of the matter of a galaxy remains barely illuminated. There
are also subtle areas of brightness other than within the twin arms themselves, hot
dusty regions that show relatively well under image intensification, or even CCD
video cameras. All in all, when one is aware of what is actually there to see, and
despite the challenges that come with this subject, this galaxy will gradually yield
some of its secrets.

Figure 6.21, courtesy European Southern Observatory (ESO), makes clear all we
are discussing, albeit in much brighter, more defined and exquisite form than
we will ever be able to see. Interaction with the small elliptical companion galaxy,
NGCI1097A, causes the spiral arm that intercepts it to become distorted, although
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this will probably be impossible to observe directly. The brilliant central region
(which contains a gargantuan black hole at its core), appearing as a bright ‘bulls-
eye,” may actually be glimpsed this way at the eyepiece (see Fig. 6.22c), even under
poor conditions. This author has even seen this particular feature easily from heav-
ily light-polluted suburbs.

Fig. 6.22 NGC1079 (a) (AC). (b) (1) The curved upturned end of the bar can be seen in this
image. It should be possible for some observers to view this at the eyepiece. (2) The small dark
region between the bar and one of the arms stands out against a brighter background and is one
of darkest regions in this galaxy. (3) The void between the dwarf galaxy NGC1097A and the
two arms just shows here. (4) The dwarf elliptical galaxy companion NGC1097A. (5) The
distorted brighter region being pulled from one of the spiral arms may just be seen with some
care and patience. (6) Here is another portion of the dark region between one of the arms and
the central bar (see [2]), in this case appearing like a notch in the structure. (7) The large dark
near-void between the main hub and one of the arms is not too difficult to detect; while tenuous
compared to the arms, we can see on the ESO image that it is not entirely dark, with some stars
creating a luminous veil throughout the galactic disc. (8) The bulls-eye effect of the core is easy
to see under most circumstances with keen eyes. It is actually a manifestation of an extremely
dense region of stars surrounding a supermassive black hole — one of the largest on view so
close to home. (9) In this close-up of the central core region, note the bright knot of light on the
western side that is also quite prominent in the ESO image. (¢) AC: Detail of core, shorter
exposure (compare to ESO image))
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Fig. 6.22 (continued)

NGC 1068 (M77)

NGC 1068, also known as M77, is an enormous SA(rs)bSy Seyfert galaxy around
170,000 light years across and approximately 60 million light years distant. It is
moderately well placed for observations, although not large in the field of view (8').
However, the core region is bright and finely detailed.
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Fig. 6.23 NGC 1068 (M77) (image: X-ray NASA/CXC/MIT/C. (Canizares, D. Evans et al.),
Optical (NASA/STScl), Radio (NSF/NRAO/VLA))

NGC 1068 rewards the observer readily at the eyepiece with a brilliant form
showing some mottled spiral structure and a prominent dark notch, the product of
large amounts of star-making gases and dust spewing rapidly from the core, so
characteristic of Seyfert galaxies. It is estimated that at its heart, and the source of
its intense X-ray, infrared, and ultraviolet activity, is a supermassive black hole of
approximately ten million solar masses.

A second dark intrusion becomes soon apparent, just outside the first, repre-
senting an even larger quantity of dusty matter. As with NGC 1097, we see a
‘bulls eye’ effect at the core of this galaxy, for all the same reasons. With care, in
the live view, we can see much of what is apparent on time exposures: a prominent
central region, indicative of its Seyfert status, barred structure, some mottled spi-
ral detail throughout the halo and especially near the central region, the dark and
dusty matter apparently between the arms, as well as the fainter but very present
galactic halo in striking contrast to the highly active central region. The remark-
able composite NASA image (Fig. 6.23) and the numbered features in the real
time image (Fig. 6.24b) will hopefully make the descriptions of the dominant
features clear.
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Fig. 6.24 NGC 1068 (M77) (a) (AC). (b) (1) The referenced prominent dusty notch, immedi-
ately visible in the eyepiece view. (2) The second visible dusty notch, much larger than the [1]
but less prominent in the eyepiece. (3) The barred structure is clearly visible. (4) One of the
mottled parts of one spiral arm, which shows prominently on observatory images. (5) The most
easily seen spiral arm, with a bright knot at its extreme part
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For most deep space observers, galaxies probably hold the most potential; cer-
tainly they represent the ultimate quest for telescope users, lying in the far reaches
of space, always meriting whatever time we are able to spend with them.

This list represents a cross section of worthwhile galaxies to observe, all featuring
dark features of some kind. Not in any way intended as complete, it is nevertheless
a comprehensive listing of some of the most prominent and observable examples,
with appropriate observing information for each item. It is presumed the reader will
pursue further galaxies to observe, armed with the awareness of features this selec-
tion has provided.

Precise magnitudes and dimensions are greatly subjective and may be perceived
differently according to many variables. Additionally, ongoing research has resulted
in many galaxies being re-designated. The author is also aware of inconsistencies
between many of his own estimates and those of others, and thus, this catalog has
been revised to be more in accordance with the prevailing estimates of a wide range
of many contemporary observers. As a result, the various designations — always
overall averages rather than exact numbers — are more in line with those found in
The Night Sky Observer’s Guide (Kepple & Sanner; Willmann-Bell, Inc.) than
Burnham’s Celestial Guide (Robert Burnham; Dover). However, this should not be
taken to imply any less reverence for Burnham and especially the unique insights
that he provided; Burnham’s very comprehensive system was built on solid percep-
tions, scientific evidence and logic.

Each object is listed with, where applicable or available, its catalog number
first (NGC or other), object type, magnitude, angular size, coordinates, the con-
stellation in which it can be found, and a short description of interesting features.
Towards the end of the listing, the formerly infamous ‘Zone of Avoidance’ is
unmistakably clear to see; the gap in listed galaxies is noticeable between NGC
5907 and 7331.
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(continued)
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(continued)




Suggested List of Readily Observable Galaxies with Dark Lanes... 193

(continued)
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Chapter 7

Dark Regions
in Planetary Nebulae

Perhaps planetary nebulae are the least likely deep space objects in which we might
think to look for dark lanes or features. However, since these nebulae are the very
places where interstellar matter is created, it would seem logical that we might find
evidence of it within some of them. Indeed, some of these nebulae do provide fertile
ground for the inquisitive observer.

Although many planetaries appear smooth, disc-like and uniform, this is not
what we should assume is the state of all of them. A large proportion of these
objects are anything but conventionally shaped, with an array of varied and some-
times surprising details, such as bright irregularities, streaks, blotches, and true dark
features, albeit perhaps less obviously displayed than many dark features readily
seen in other types of deep space object.

In the early days of the telescope the typical blue-green ringed form of many of
these nebulae gave these apparent disc-like structures an eerily similar telescopic
appearance to our own Solar System’s two like-hued giant gaseous planets, Uranus
and Neptune. This led to the name they are known by to this day, but planetary
nebulae have, of course, nothing in common with planets other than the name.
Before their identities were better known, the less conventionally shaped examples
were often listed as double nebulae and not as planetaries at all. Herschel was
baffled (or fooled?) more than a few times, and his NGC catalog entries can be seen
to reflect what science could not solve during his day.

Given all the stars visible to the unaided eye, and knowing that most will go on
to become planetary nebulae in their final days, one might be forgiven for asking if
more of them should be readily visible in the skies, especially since they provide
the raw materials for all ongoing stellar creation. Despite the seeming rarity of these
objects, are they, in fact, actually scarce in number? One must not forget that these
objects are, for the most part, quite small by astronomical standards, and not all of
them are as brilliantly illuminated as some of the best-known examples. Thus, not
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too many of those that are a reasonable size in the eyepiece are available to us, and
we will be limited to the closest, largest and brightest — in reality, this represents
merely our local neighborhood in space. Of those capable of showing sufficient
dark details to merit our attention, the list shrinks further. The smallest observable
planetaries probably lie within 100 light years, and the largest examples perhaps
within no more than 1,500 light years. That is not very far in galactic terms.

There are other reasons, too, for the apparent shortage of examples to study.
Significantly, because the greatest concentration of potentially eligible stars lies
within the galactic thin disc, unsurprisingly, a large percentage of those that might
be close enough for us to see are hidden behind the dense dark nebulae of their
predecessors’ own making. So, in total, while it turns out that the ratio of planetar-
ies to the stellar population is, indeed, what one would expect, one way or the other,
most of them will not be readily visible to us. Actually, there are many thousands
of planetary nebulae known within the Milky Way, quite the expected number on a
cosmic timescale, although most fall outside the average observer’s realm. We must
bear in mind that on this same timescale, their rapid rise and decline also limits the
number of them on view at any time. So while not unlimited in number, interesting
examples are reasonably plentiful and sufficiently striking to justify the search.

Almost all of these phenomena are the product of old dying stars with insuffi-
cient mass (less than 9'suns’) to become novae or supernovae, amounting to pos-
sibly as many as 90-95% of all Population I stars. The process of their formation
begins when such stars become old, a time when nuclear fusion shuts down and
they exhaust their core supplies of hydrogen. Helium ‘ash’ (the product of hydro-
gen fusion) now forms the core of the star.

During the time that hydrogen fusion is coming to an end, the outward pressure
from the core diminishes and further compression begins to take place, as its tem-
perature rises in consequence. Helium fusion (which creates oxygen and carbon as
by-products) then takes over, either in a gradual process in the case of larger stars,
or a more sudden event (a ‘helium shell flash’) in lesser ones. This, in turn, creates
a series of pulsations as a result of the expansion, cooling, contraction, and reheat-
ing cycles taking place in the core. As this process accelerates in dying stars, the
pulse-like cycles of growing internal winds push the outer envelope of the star
outwards into the bloated dimensions of classic red giants, eventually to become
supergiants. In the case of our own Solar System, when that time comes for our own
sun, we can expect most of the orbits of the inner planets to be consumed by fire;
while Earth may indeed be spared from being engulfed, ultimately such a reprieve
is only one from direct ignition. It will nevertheless be superheated into extinction,
and certainly no longer exist as the watery, solid and rocky entity we know today.

In all such dying stars, as each expands, the process results in a much larger
surface area, which in turn cools it. (This is why red giants have much lower surface
temperatures than that of stars in the prime of life.) For a brief time the core
becomes stable, but with some fusion of hydrogen as well as some direct burning
of helium in the outer shell, inevitable increases in temperature begin to resume,
and the collapse resumes, due to lack of internal pressure.
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Eventually this process causes the star to expand again at an accelerating rate but
often is interrupted by periods of cooling because of the vast sizes it reaches; the
overall structure, being unstable, is unable to keep up with its own pace of evolu-
tion. The fury and speed of the expanding gaseous shell can only be imagined, as
it is anything but the gentle process it may appear to be. Hubble Space Telescope
scientists have estimated that wind speeds of as much as 1,000 miles per second
may be typical. This cycle of expansion and contraction produces further, much
larger, pulsations in the structure, resulting in variations of pressure at the core that
cause a large proportion of the star’s matter to be ejected outside the star’s normal
confines. Thus the core of the star is slowly eroded, gradually reduced in mass,
layer by layer. Eventually, after a few hundred million years, its helium spent in
fusion, the star’s inner core becomes increasingly compressed as it finally col-
lapses, unable to sustain its bloated dimensions against its own internal gravity.

All fusion having ceased, now both helium and hydrogen burn freely in the outer
red shell as it collapses inwards, causing further decline and instability. The star is in
its death throes, its huge stellar shell now cooling and receding from its grand status
as a supergiant. As it does so, the inwardly falling matter and instability of the structure
cause further expansions and contractions, resulting in even more basic building-block
elements and compounds of multiple forms of matter being shed in layers to create the
colossal, often spherical forms typical of many we immediately recognize as planetary
nebulae. Thus, as its matter is stripped away, the ultimate degradation of its former
glorious self begins to takes place, producing the final visible stage we recognize as
planetary nebulae. The increasingly superheated core (a super-hot ‘white dwarf” star
of immense density of only planet-sized proportions), in turn, heats and excites the
electrons of the hydrogen (HII) gas component of the expanding shell into fluores-
cence, only to expose an even smaller and yet more superheated core. Temperatures
may reach as much as a million degrees, and the illumination of expelled molecular
hydrogen begins to take place via the irradiation of the central star.

Historically, the luminous gas component in many planetaries caused consider-
able controversy for much of the nineteenth century, because many planetary nebu-
lae were seen to respond uniquely in spectroscopic analysis with the appearance of
the ‘forbidden lines’ — those apparently impossible dark absorption lines crossing
the spectral band, and which earlier astronomers had vainly sought to explain as
being due to a new element (‘nebulium’). Once the Periodic Table of the Elements
had been established in 1869 and gradually expanded to take all possible elements
into account, it became increasingly clear that such an element as nebulium could
not exist, so other factors had to be responsible for the absorption lines.

Early in the twentieth century, the death knell finally sounded for nebulium, as
it was conclusively shown once and for all that the mystery element actually did
not, and could not possibly, exist at all, with the discovery of previously unknown
molecular variants. It turned out that the lines were due, in fact, to the greater pres-
ence of electrons in extremely rarified (double ionized) OIII gas densities and the
special behavior (and emission lines) resulting from those circumstances surround-
ing their occurrence. Such conclusions had to wait until physics had caught up with
observational research.
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Once such a white dwarf star has completed this cycle (sometimes in as little as
10,000 years), it will begin to shrink and fade into the lowly status of a cool white
dwarf star. (‘Cool’ is a relative term, of course.) The total life expectancy of the
illuminated nebula is likely to be no more than a few thousand years at most.
However, despite being at the end of its life, with total extinction the inevitable
destination, this tiny dwarf star has still quite a large number of years ahead of it,
as no example is yet known of any disappearing from view. The universe is simply
not yet old enough.

The remaining nebula has by now, of course, ceased to be visible, and much of
it will be drawn back towards the central star; we should realize, therefore, with this
time scale, perhaps most of the larger (and more distant) planetaries we can observe
already no longer exist! However, in spite of the inevitable contraction, almost half
the mass will have been ejected and returned to the surrounding space, freed from
the diminished hold of the remaining dwarf star, to be eventually drawn away by
gravitational pulls of other stars, finally to blend with other remnants of planetary
nebulae in the twisted forms of present dark nebulae that stud the galactic disc —
that great pool of interstellar matter waiting to be reborn as new stars. Thus, we see
the full circle of star creation.

Because these nebulae contain many ‘heavy’ elements (astronomically speak-
ing, ‘metals’), we find planetary nebulae develop only from Population I stars. In
contrast, the remaining elemental makeup of ‘metal poor’ stars, which belong to the
Population II category, eliminates any potential for future star formation as they
expire. There does not seem to be evidence of any return of reusable matter to the
galaxy from these old Population II stellar survivors, in complete contrast to
the combined processes of Population I star demise being responsible for most of
the galaxy’s future. The recycled interstellar matter unsurprisingly includes gaseous
compounds of ionized hydrogen, carbon monoxide as well as various more exotic
compounds of oxygen and nitrogen, ‘ash’ types of compound including rocky sili-
cate, calcium and carbon based compounds, as well as many other traces of more
rare elements remaining from supernovae explosions, everything, in fact, for new
stars and ultimately perhaps for the formation of solid planets encircling them. Of
all of these compounds, though, it is primarily the ionized hydrogen that makes all
illuminated nebulae visible to us. For the creation of even more exotic and unstable
elements, we must depend on the more spectacular cosmic events provided by
supernovae. By the common appearance of such elements on Earth we can see that,
while relatively far fewer in number, supernovae are fairly widespread throughout
the active star-forming regions of the galaxy.

It is probably fair to say that all planetary nebulae will have manifested dark
features at some point in their life spans, especially early on in their development,
due to the very nature of the matter that makes up their being — comprising the same
dusty matter of the greater dark nebulae themselves. Such details are quite transient
in nature, though, since these nebulae have a remarkably short existence relative to
their former lengthy existence as main sequence stars. When we see such features
in these nebulae, it is shortly after they have been drawn away from the central star,
yet to blend into the greater nebula shell. Any obscuring matter may form into
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clumps by the same processes of internal gravitational forces that we find in matter
everywhere, with the effects of ever-increasing density continuing to trap more
dusty matter.

Eventually, the radiant energy of the central star and resulting strong winds will
cause features that started out dark to break up and reform, much of it becoming
visible through infrared radiation and intense heat emitted by the central star.
Unfortunately, at any given time there is not an overly generous supply of planetar-
ies that show dark features. The gaseous luminescence that we see is, unsurprisingly,
the result of the same radiation-energized molecular hydrogen (HII), and sometimes
double ionized oxygen.

Some of the more famous examples of planetary nebulae clearly contain rem-
nants of what were once dark features (even lanes) that we can see quite clearly.
However, they no longer appear dark, ultimately having become homogenized into
the overall structure, where they may appear now as bright patches or streams of
luminous gas. The matter within them has already been heated into infrared lumi-
nescence, or sometimes takes other shapes, having been pulled and twisted by vari-
ous internal forces. (The ‘Dumbbell Nebula, M27, comes to mind, with its bright
patchy linear clumping, along with its other unique irregularities, such as the elu-
sive, curious striations concentric with the outline. These may be the visible mani-
festations of the expansion and contraction cycles of matter being shed from the
central star.)

There is, however, still one other type of star that may become a planetary neb-
ula, although the final outcome is far from peaceful. Among the most super-massive
and brightest, these are known as “Wolf-Rayet stars,” typically being 20, 30 or even
40 times the mass of the Sun, and having strong emission lines representing several
common heavy elements. The cores of these stars already far exceed the
Chandrasekhar limit, of course, and so their life cycles are already predetermined.
However, while relatively rare at any given time in our galaxy, they are sufficiently
numerous to have been counted in the hundreds.

The scale of these stars will cause them to take different paths than other less
massive, though still huge, stars (of <20 but more than 9 solar masses), but the
additional mass of all such stars dictates their future. The fate of all such supermas-
sive stars means that heavy elements created by their fusion reach the stars’ sur-
faces in such large quantities that much of the energy from the star becomes
trapped. This sets up powerful resulting pressures, characterized by extremely pow-
erful winds, while hydrogen-, helium-, carbon- and oxygen-abundant matter is
ejected at a furious pace, briefly giving the star the appearance of a conventional
planetary nebula, as well as the same typical strong accompanying emission lines.

As we find elsewhere in the galaxy, it is the radiant energy of the fiercely hot star
that causes the HII (molecular hydrogen) to fluoresce. However, eventually, these
nebulae generally do not have the graceful decline and relatively tranquil ending of
conventional planetary nebulae, as the overweight central stars finally detonate as
colossal supernovae — the way of all supermassive stars. Some galaxies are made up
predominantly of Wolf-Rayet stars, and so their stability must always be in question.
Many of these fall into the category of ‘starburst galaxies,” although not all such



208 7 Dark Regions in Planetary Nebulae

galaxies have the same underlying reasons for such a designation. Regardless, in
Wolf-Rayet dominant galaxies, the large proportion of these stars will consist of
those far too massive to allow an orderly galactic structure to endure.

Examples of observable Wolf-Rayet stars undergoing planetary nebula transfor-
mations include NGC 1360 in Fornax, a large structure apparently awaiting its final
sudden death. Relatively smooth appearing and fairly bright, its sizeable oval out-
line may surprise those unaware of this lesser known nebula, but it is largely devoid
of features, let alone dark ones. Another is the better known but sometimes elusive
“Thor’s Helmet,” NGC 2359, in Canis Major, which is dominant in the greenish
wavelengths of double ionized oxygen. Also not yet quite at supernova stage, we
are witnessing the processes leading up to it soon (on a galactic timetable, of
course)! Other interactions with apparent dense interstellar matter have contributed
further to the strained shape of this nebula, with strands of luminous matter pulled
in every direction. Dark features we can see within this turmoil are more a matter
of uneven material distribution than anything else, but still it is worthy of time and
attention at the eyepiece. And of course, we cannot overlook the beautiful ‘Crescent
Nebula,” NGC 6888, in Cygnus, another Wolf-Rayet star on its way to an unpleas-
ant end. Although appearing as a faint crescent in the live view with mottled subtle-
ties, detailed imagery reveals it to be a classic shell of ionized hydrogen and oxygen
surrounding its massive central star, full of illuminated ash and dust streaks (and
consequently dark spaces in between), driven into myriads of irregular striations by
violent stellar winds.

Incidentally, because the central stars of many, if not most, planetaries may be
too faint to be seen readily, it remains a standard challenge (perhaps even the pri-
mary attraction?) of every observer of planetary nebulae to try to spot these fre-
quently highly elusive and often tiny points of light. While the challenge of seeing
the central stars of planetary nebulae is hardly the fare of this writing, who among
us is able to resist the challenge as long as we are observing the nebula? Certainly
this writer is never able to resist and has always been amazed at the remarkably
telling results that can be obtained, once again, with image intensification. It is
common for the central stars of planetary nebulae, usually considered as photo-
graphic subjects only, to be readily visible at the eyepiece of these devices. If we
recall the favorable manner with which stellar points respond to such devices, it is
hardly surprising they are such useful tools for this purpose. (See M57, the ‘Ring
Nebula,” later in this chapter.)

In the early stages of a star becoming a planetary nebula, what is frequently so read-
ily observable is the form with which we are perhaps most familiar — that of a small
ring with a central star. This is certainly how most casual observers might always
expect such objects to appear in the field of view. Regardless, what we are seeing
in all planetary nebulae is the effect of the dying central star causing powerful
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stellar winds to push dusty and gaseous matter (of its own creation) ever outwards.
From our visual impressions alone, we might thus easily assume that most plane-
tary nebulae take the form of a flat ring (in appearance like those of Saturn), or
perhaps a sphere with a star at its heart. A little time at the eyepiece soon reveals
that many objects listed as planetary nebulae do not even show this ring shape at
all, let alone a sphere. Although the ringed form may be an only illusion relative to
our angle of sight of an actual sphere of ejected matter, and while other planetary
nebulae may indeed once have once had a ringed appearance, this is in all probabil-
ity not an accurate description of most of them.

Nevertheless, it is reasonable to accept that many planetary nebulae do indeed
take the form of large expanding bubbles, to put it in the simplest terms. Although
we can readily identify the familiar ringed planetary nebulae (appearing as a
roughly circular or oval form surrounding a central star), it is possible that some
appearing this way do not have a spherical structure at all. Indeed, it may be that
the generally accepted model of spherical form is less common than may be sus-
pected. In this regard, we might consider how a cylinder would look seen from top
to bottom: a ring — just as spherical examples appear. (However, it is also possible
that some examples of this cylindrical form of planetary, from a lengthwise orienta-
tion, might simply disappear from visibility altogether, their substance being too
tenuous to register.)

Some side-on examples, such as the ‘Butterfly Nebula,, NGC 6302, are readily
visible in amateur scopes as something resembling a bowtie with a ‘pinched’ waist.
Although the ‘Butterfly’ reveals a complex structural form, that of a relatively
bright central region with two similar ‘loops’ on each side, this is more than likely
at least partly due to its near side-on perspective of a bipolar ‘cylindrical’ form,
with a thin tapered waist in the middle at the ‘home’ of the central star. It is possible
to see many traces of dark material being ejected from the core of this nebula, giv-
ing the nebula a two-sided mirror image effect, with multiple dark intrusions. The
central dark ‘lane’ we see is real, and presumably is a disc-like ring of dusty matter
being ejected from the central star — a clear example of what we know is taking
place in many other planetary nebulae. Other examples of bipolar planetary nebulae
may reveal similar structures and dark lanes dividing these nebulae into two seg-
ments. The reader may justifiably conclude that many (although not all) bipolar
examples are merely identical to spherical ‘ring’ forms, seen from a 90° alternate
perspective, as if we are looking down from on top. Indeed, we already have deter-
mined that a cylindrical structure would indeed look similar to a spherical one.

A very clear example of this effect — seen partially edge-on — may be seen on
the Hubble Space Telescope image of the ‘Hourglass Nebula, MyCnl8, in the
constellation of Musca (below, Fig. 7.1). Although not a candidate for ready ama-
teur viewing, it serves an instructive purpose here and helps us to understand what
we may be seeing with many planetary nebulae.

Recent studies have shown that planetary nebulae come in a great variety of
shapes and sizes, although the apparent ‘ring’ form and bipolar examples make up
many of those we can see. Beyond this, it is a plausible explanation that many of
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Fig. 7.1 The hourglass nebula, MyCn18 (image courtesy NASA/ESA, Raghvendra Sahai and
John Trauger (JPL), and WFPC2 science team)

these different basic structures (spheres and cylinders) may, in fact, be the same
thing, but seen from different perspectives. In cases where they do not fit this sce-
nario, and where many planetaries show true bipolarity, it may be that multiple-star
systems are the cause, the result of a companion star orbiting closely around the
main star. This could provide just enough influence to pull matter away from the
central star into an equatorial ‘disc,” ultimately driven outwards in both directions
by stellar winds away from the hot central star. However, just as likely an explana-
tion could be different electromagnetic conditions in the expanding shells around
varying sizes of stellar cores, or maybe even peculiar characteristics unique to cer-
tain stars. Yet this still does not explain all the differences we see in the appearance
of all bipolar planetaries, whose irregular shapes may also be the result of solar
systems of the host star, or even warped central stars.

The difficulty of finding an exact explanation for all aspects we might notice in
planetary nebulae — especially bipolar varieties — underscores the complexity of
these particular objects in general, where any number of possible contributing
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factors could have produced some of the specific characteristics we see. It seems
possible that many bipolar examples may be merely younger nebulae in early stages
of development, and if they are truly different to the more commonly recognized
ringed form at this time, perhaps they will gradually assume that more familiar
appearance. However, modern research has shown that at least some of the older
‘bipolar’ planetary nebulae were likely formed long ago by internal stellar winds
and have survived the test of time.

Regardless, it has to be admitted that we still do not fully understand all aspects
of the dynamics of planetary nebulae in general, and although many existing theo-
ries may be perfectly accurate, no one can be absolutely sure that what we know
about the evolution of some applies to them all. Certainly the variety is considerable
and the possible explanations even more so.

Because dark features in themselves are the focus of this writing, any found within
planetary nebulae, by default, become our primary focus; however, their relative
rarity makes them something we cannot take for granted. Therefore, in this context,
those that we can see may prove to be more interesting than the radiant portion of
the spectacle itself.

Successful viewing of dark features in planetary nebulae also soon makes clear
the limitations of our potential. Because these nebulae usually are too small for
increasingly distant examples to reveal such features easily, we will be restricted to
the closer better-known examples, by default. However, for the most part, even
those dark features present within such nebulae have been given scant attention in
most observers’ descriptions, and they may have sometimes escaped notice alto-
gether. In our favor, some of the closer examples are quite bright. However, the
majority of these objects are typically quite small and dim, especially with live
viewing. Thus, for seeing dark features and details, we always need to maximize
our prospects for contrast, perhaps even more than with many other types of deep
space object.

Narrowband filters help immeasurably with many of those planetary nebulae
that exhibit vibrant emission components, and can throw those light frequencies
into surprisingly striking contrast against any dark details that may be present, thus
making them more immediately visible. Where illumination permits, high magnifi-
cations may be necessary, even preferable, in some cases to reveal detail, although
in many other instances it makes little difference, or actually detracts from the view.
Oddly, in other instances, the use of all filters or electronic enhancing devices may
be unsuccessful, the view being best with simple direct eyepiece observations.

The study of the ‘Eskimo Nebula,” NGC 2392, in Gemini (Fig. 7.2), actually a
known bipolar planetary that looks like simple ringed form, demonstrates one such
case in point — a planetary nebula that shows dark details readily and without any
help at all, the view seeming to lose information with every attempt to enhance
what we are seeing! The nebula is a favorite of many observers: here the dusty



212 7 Dark Regions in Planetary Nebulae

Fig 7.2 The ‘Eskimo Nebula, NGC 2392 (image courtesy NASA, ESA, Andrew Fruhter
(STScl), and the ERO team (STScl + St-ECF))

ejected matter is being condensed into the bright ionized streaks (appearing much
like the iris in a human eye) that may be questionable to see at the eyepiece, but
which we see on detailed imagery, radiating away from the central star within the
outer ring of this double ringed nebula. Fortunately just as striking are the dark
inner region and voids that we can easily see for ourselves.

Unsurprisingly, because of the frequencies of light they are most responsive to,
image intensifiers and, to a great extent, CCD video cameras are likely to be quite
successful in revealing detail of all types in these objects, even at fairly low pow-
ers. Planetary nebulae emit strong energy in the red and infrared parts of the spec-
trum. Because this takes place through the excitation of ionized hydrogen that is
plentiful within their makeup, it is hardly surprising that they respond so well to
these electronic devices, while increasing the potential contrast. Dark details will
be more likely to stand out against the illuminated portion of any subject, and they
may often be significantly brightened in such enhanced views.
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The phosphor screens of image intensifiers are also well suited to the excellent
response of the dark adapted eye to green wavelengths, the resulting frequent bril-
liant characteristics of these nebulae providing a particularly good match. The
brighter planetaries will usually allow surprisingly high magnifications, too, which
will be helpful in resolving subtle dark features, lanes and other details. As always,
experimentation is at least as pivotal here as in any other type of deep space object,
but perhaps the potential range of results is even greater. And the potential for
experimentation has never been greater, or the surprises more likely.

M57, ‘The Ring Nebula’

Although dark features in planetary nebulae are the prime focus of this chapter, few
of these are without observational challenge. When they do reveal dark features,
faintness and small dimensions remain primary problems with most of them.
Perhaps no more than blotchy regions within the overall structure, dark features
sometimes do take the form of genuine lanes, although these are relatively rare for
the visual astronomer. Inside the less luminous central portion of the celebrated
Ring Nebula, M57, dark lanes have long been regularly sighted and imaged,
although they might be considered more as details for imaging rather than candi-
dates for live viewing. With good equipment and conditions, they may even be
glimpsed occasionally at the eyepiece.

Although it is no surprise that images from the Hubble Space Telescope
(Fig. 7.3) makes these lanes extremely clear, the author has seen them quite easily
in real time with the use of an image intensifier eyepiece. This speaks volumes to
the effectiveness of these devices (Fig. 7.4). Additionally, the infamous 16th
magnitude central star (often reported to be invisible in telescopes as large as
60 in.!) is likely to be an easy mark with a Generation 3 or 4 image intensifier and
only moderate apertures, even from the most unlikely suburban locations or in
other light-polluted conditions.

The casual observer might speculate that the oval shape of M57 represents a flat
structure, orientated slightly edge-on relative to our perspective. However, the dis-
tinctly circular central zone should be seen as the primary circular disc or sphere,
while it seems logical that the outer regions could have taken a looser form as they
are pushed outwards by stellar winds and by being further away from the influence
of the central star. It would seem logical to suppose that their shape might reflect
other influences also, internal or external.

However, there is no doubt that many central dwarf stars may be quite difficult
to see at the eyepiece. In general, when trying to spot them when they are faint,
indirect vision (looking to the side of the field of view) may help, as do some of the
other methods of exposing hidden detail, as outlined in Chap. 2.

Although some commentators have stated that the use of an image intensifier
negates the benefits of many of these observing techniques, this is certainly not the
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Fig. 7.3 M57 hubble space telescope image (image courtesy NASA/STCcl/AURA/ESA)

case; the sensitivity of the eye to such things remains constant with all forms of
viewing. Regardless, surely it is being able to view the dark lanes of M57 that
remains the ultimate prize, at least in the context of this writing. Certainly such
straight bands as these are highly unusual in any planetary nebula and are even
more difficult to explain as entities in themselves.

Other more typical examples of dark features within planetary nebulae may be
seen in the relatively nearby (2,300 light years) ‘Owl Nebula,” M97, in Ursa Major.
One of the best-known planetaries, it appears in many ways as a conventional cir-
cular ‘ring’ type, but it acquired its unusual name following Lord Rosse’s observa-
tions (once again!). Through his mighty Leviathan 72-in. telescope, Rosse remarked
on two prominent dark spots within its disk that were highly reminiscent of an owl’s
face. Readily possible these days to see at the eyepiece of much smaller apertures
than he had at his disposal — especially when aided by a narrowband filter — the
owl’s ‘eyes’ are seemingly balanced on each side of the ‘face,” superimposed on the
unusually bright inner regions of the nebula ring.
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Fig. 7.4 M 57 real time image using 18-in. telescope/image intensifier (AC)

Presumably these dark clumps of matter (ejected from the 16th magnitude cen-
tral star) are yet to be homogenized into the larger luminous whole, the result of
stellar winds clearing uneven regions on each side of the star into relative transpar-
ency. We know now, however, that features of this type are far from unusual, with
many less celebrated examples being quite common fare for the observer today. In
that context, we will look at another planetary with very similar dark features, NGC
1535 in Eridanus.

NGC 1535 in Eridanus

Among many similar planetaries, the near perfectly circular NGC 1535 in Eridanus,
sometimes known as ‘Cleopatra’s Eye,” reveals no less than three such striking dark
regions arranged within an inner illuminated gaseous ring, and evenly placed
around the narrow dark zone surrounding the central star — not unlike the symbol
for a radiation hazard (and not an unfitting description of such a deep space object
at that!). The 20" ring itself is slightly uneven in brightness, and a second faint shell
of ejected gaseous matter of approximately 45”-50" is also observable under decent
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Fig. 7.5 NGC 1535 (AC)

circumstances. However, for us, it is the defining dark features that are surely the
most significant components, standing out very prominently in the image above
(Fig. 7.5), as they do in the eyepiece.

More detailed imagery reveals a significantly more complex structure to these
dark spots, although the intensified image makes the elusive 12.2 magnitude central
star far more prominent than in most other imagery; one would imagine that this
star is far bigger and brighter than it is. Another even fainter star is superimposed
on the outer ring, also usually possible to see in real time viewing. We know it to
be external because it clearly has no effect on the structure of the nebula itself,
which would otherwise be distorted in some way.

NGC 7662 in Andromeda

A further example of ‘owl’ type nebulae is NGC 7662 in Andromeda, better known
as ‘Barnard’s Nebula,” which also readily reveals other strikingly unique dark
details. In Fig. 7.6, the curiously variable central star (which fluctuates between
12th. and 16th magnitudes), sits prominently in the midst of an oval darker ‘void,
although the star may prove difficult visually. The variability could be the result of
an orbiting near-brown dwarf companion star, being encapsulated by the partly
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Fig. 7.6 NGC 7662 Barnard’s Nebula (AC)

blotchy ejected matter in the form of at least two rings. The brightest and innermost
oval ring appears partly incomplete on one side and indented on the opposite, with
the central star appearing not exactly in the middle of the inner dark space. Beyond
this may be seen another oval ring, quite uneven in illumination, with a bright
region toward one narrower side, another similar but less prominent region on the
opposite side, and even traces of some subtle small bright details around the periph-
ery of the extremes of the oval shape, along with some additional contrasting darker
detail, as the ring appears to fade and trail off into space. Beyond this outer ring, it
is sometimes possible to detect an additional faint ‘disc’ of matter, difficult to detect
on the image here.

The ‘Little Dumbbell Nebula,” M76, in Perseus

Despite its relative faintness, the ‘Little Dumbbell Nebula,” M76, in Perseus is
actually a prime example of bipolar planetary nebula for us to examine in detail.
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Fig. 7.7 M76, the ‘Little Dumbbell Nebula’ (image courtesy Vanderbei at en.wikipedia)

Being easily accessible in the northern skies and of a decent size, it will serve to
illustrate many of the characteristics we see in such nebulae (Fig. 7.7); typical
bipolar characteristics can be seen in its double cylindrical form, with bubble-like
extensions on each side.

Fortunately, it is bright enough to reveal some of these traits at first blush, and
in exceptional conditions larger apertures will also show the distinct but faint out-
line of the outer shell that is so conspicuous in many images. Although in many
ways the image in Fig. 7.7 is quite representative of the overall impression at the
telescope in the very best conditions, you are not likely to see it with such clarity
and easy registration.

Despite its obvious bipolar characteristics, the elusive faintness of the outer parts
of the nebula caused astronomers of old to struggle to find a precise explanation for
its appearance, or even how it came by its apparently unusual shape. However, the
shape is not all that unusual. Once understood as a three-dimensional entity, it sud-
denly appears to be a much more straightforward structure, illustrating the classic
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pipe-like effect commonly noted in other planetary nebulae similarly seen side-on,
or partially so. With care, from our perspective, the nebula’s brightest region can be
appreciated to resemble two short pipe-like sections, lying on top of one another to
make the rectangular-appearing main section we see from the side (refer to Guide
image on page 220, Fig. 7.8b).

Although the ‘Little Dumbbell Nebula’ shows some obvious similarities to the
cylindrical form of the ‘Hourglass Nebula,’ it is actually diametrically opposite in
the totality of its form, and less dramatically placed with respect to the ‘pipe’ effect
we see. The dotted lines serve as a guide to how the nebula might appear as two
pipe-shaped sections on top of each other, with the bubbled double ‘shells’ on top
of those.

Try to imagine its appearance viewed from the direction of Arrow 2, and the
nebula’s apparent perplexing shape that we see from our perspective begins to make
more sense to the observer. Specifically, the pipe-like ‘rings’ occupy the central
zone instead of the extremities as seen in the ‘Hourglass’ (shown as broken lines);
the form expands beyond these ‘rings’ into bubble-like ‘shells’ (indicated by irregu-
lar broken lines) as the expanding gases are pushed away from the central star, and
the shells finally extend into additional further, much fainter ‘shells’ (their locations
shown by dotted lines), which gradually taper, somewhat conically, the entire sys-
tem appearing almost double on each side of the primary central form.

Remarkably, viewed from ‘above’ (directly over the faces of the rings), it is
conceivable that both the ‘Little Dumbbell’ and ‘Hourglass’ nebulae both might
take on much the familiar ‘smoke-ring’ appearance we more normally associate
with planetary nebulae, far different from the side view. They might appear almost
interchangeable. Be patient with this nebula in order to discern detail; while highly
illustrative of bipolar forms, it is not the easiest subject. In live viewing only the
very best circumstances will allow a glimpse of the faint shells. However, it is
possible to see many other fine details in the ‘snapshot’ of the ‘Little Dumbbell” in
Fig. 7.8. The easy registration of the faint central star is striking, as is the delicacy
and subtle dark detail revealed by careful inspection of the image in general. Light
filters can bring out many of the features more distinctly on this subject, especially
the multiple dark features, but anything one has on hand is always worth a try.

1. A striking central dark lane — a ‘bar’ that extends through most of the most
prominent central portion of the nebula, and probably the ‘inner’ circular gap
between one of the pipe-like sections and the other; truly an unusually well dis-
played example of such a feature in a planetary nebula. It does not seem unrea-
sonable that the cylindrical structure may be due to the effect of a companion
brown dwarf, as it draws matter away from the dominant star to form a dark disc
of matter, which then expands outwards in both directions by the action of stellar
winds to create the cylinder and fainter outer ‘bubbles.” However, this theory is
purely the author’s conjecture.

2. The 16.6 magnitude central star is clearly shown; it is not difficult with image
intensification and moderate apertures. It is sometimes possible to distinctly
see this star as binary (see [5]); however, astronomers have assured us that what
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Fig. 7.8 (a and b) ‘The Little Dumbbell Nebula,” M76 (AC)
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we are seeing is merely an illusion, with one star actually being situated far in the
background, only giving the appearance of a double system.

3. This is one of the two points where the nebula appears to divide into two parts
(adjacent to the brightest knot), with matter being ejected outwards in a double
arc. This may be due to the influence of stellar winds interacting on the possible
companion star. The strong division is easier to spot in observatory images, but
it is satisfying to see a trace of it at the eyepiece. Bear in mind that it is not an
easy mark in live viewing, although still feasible to do.

4. Look closely at the two brightest knots within the surrounding outer ‘shells,’
which admittedly are faint but are frequently readily visible in real time. The
knots are just detectable here, if not the outer shell itself.

5. The fine and tiny dark ring seeming to surround the visual double star on one
side (outside the nebula) shows clearly here. Since this image was made with an
image intensifier, it may not be so readily apparent with conventional viewing.
This dark feature shows on detailed imagery but apparently is not related to
the star.

6. Similarly, the dark pointed notch-like streak across the ‘lower’ ring that is quite
clear in Fig. 7.8a may be detectable with larger equipment and under the best
conditions.

Dark details in planetary nebulae are elusive objects. There are probably more
examples among the listing below in which most observers will not be able discern
such features, but this should not deter the effort. In most cases within these struc-
tures, dark details and features are delicate, subtle, and usually minimal. Depending
on equipment and viewing expertise, looking for them may provide some inter-
esting study, especially since it must often consist of the same dusty silicates that
we find in interstellar matter.

However, the exact nature of dark features in these objects poses different ques-
tions; although they may be true features of internal dust and therefore the earliest
manifestations of interstellar matter, they could also merely be gaps in the structure,
or partially translucent parts of it.

There may be a few celebrated planetaries included in the listing that do not have
any particularly notable dark features, but excluding them out of hand might have
seemed confusing; by including them we have at least raised, however briefly, the
prospect for something unexpectedly being visible.

Each object is listed with, where applicable or available, its catalog number first
(NGC or other), next its magnitude, object type, a short description of interesting
features in parenthesis, angular size, coordinates, and the constellation in which it
can be found.



222 7 Dark Regions in Planetary Nebulae


http://www.skyshooter.net/IMAGE%20FOLDER/Nebulas/NGC246.jpg
http://www.noao.edu/outreach/aop/observers/m76block.jpg
http://stardustobservatory.org/image.php?id=175
http://mexicanskies.com/constellations/ngc1501pollux.jpg
http://www.noao.edu/outreach/aop/observers/n1514block.jpg
http://www.noao.edu/outreach/aop/observers/n1535blocks.jpg
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http://apod.nasa.gov/apod/image/0312/eskimo2_hst_big.jpg
http://www.ruppel.darkhorizons.org/IMAGES/ngc2359SHO.jpg
http://www.celestiamotherlode.net/catalog/images/screenshots/extrasolar/NGC_3132_EightBurstNebula__Killeen.jpg
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http://apod.nasa.gov/apod/image/0807/ic4406_hst_big.jpg
http://www.capella-observatory.com/ImageHTMLs/PNs/NGC6058.htm
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http://apod.nasa.gov/apod/image/0911/ring_hst_big.jpg
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http://www.astrosteve.com/nebula_blueflash.aspx
http://apod.nasa.gov/apod/image/0808/ngc7008_hagercollab.jpg
http://www.noao.edu/outreach/aop/observers/n7009ehrhorn.jpg
http://www.astrophotos.net/pages/PLANETARY/NGC%207026.htm
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Chapter 8

A Few Last Words

If observing dark structures and features within subjects in deep space promotes
anything, perhaps it is an increased awareness of how closely interrelated all of the
known workings of the cosmos actually are — even if we have never consciously
connected all the ‘dots’ through what we knew all along. If we are primarily
observers, ‘mere’ astronomical sightseers, a detailed understanding of the inner
workings of what we are observing, while not always a requirement, could surely
only lead to greater enjoyment. Maybe it will provide pause to rethink the way we
observe already familiar sights and help us to see them anew, a prospect indeed to
far greater satisfaction from our time under the stars (Fig. 8.1).

What we know of the universe seems always intertwined with the processes that
cause dark to become light: essentially the conversion of matter to energy and mat-
ter to other forms of matter. One way or the other, everything we relate to and
perceive is on these terms. The universe is a work in progress, its structure and
appearance in a constant state of change, even if this is barely perceptible in the tiny
time frame of a human lifespan. This gargantuan machine will continue until the
time when all ongoing cosmic evolution as we know it reaches total exhaustion.

Needless to say, this evolution has been ongoing since the advent of the ‘Big
Bang,’” an event that required the first few million years just for light to be able to
escape into space itself. Thus was the beginning of the evolution of the elements
and energy, even the apparently unlikely advent of human life, and all that allows
us to look inwards at ourselves and out to the universe and stars we descended from.
There is an apparent inevitability of all things — alternate back and forth like a
cosmic-scale concertina.

For those who argue that science and religion are leading to the same thing, it is
perhaps more realistic to consider that here is where they part company. Where
science sees creation in inevitable cosmic terms and that something can come from
nothing without further explanation, religious philosophers ask instead, “But what
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Fig. 8.1 The author’s 18-in. telescope ready for a night of observing in dark sky country at the
Borrego resort in the California desert, which has facilities for astronomy (AC)

created creation?” This is something best left well alone here; although it will
always remain a topic for debate, it is fair to say no one may ever know the answers
for sure, despite those who say they do.

The matter distributed throughout the cosmos is also something to ponder. It
manifests itself primarily in what we see as huge illuminated clumps that still
reflect the vibrations of the Big Bang, something that is accompanied by a faint
glow that permeates the entire universe. This is the only model for the existence
of this ‘cosmic microwave background, that glow left over from the Big Bang,
itself. Those clumps of matter comprise the structures we know as galaxies — vast
evolving manifestations of highly organized mass and energy, all reacting to
the twin forces of gravity and compression. Despite their huge size, individual
galaxies are tiny parts of the whole, to be counted in the hundreds of billions, and
although existing in a range of manifestations no less varied than the human face,
are about as far from random in appearance as we could possibly expect. Even
irregular and peculiar galaxies are logically structured — in their own ways.
Although exactly how the original primordial matter came about from apparently
nothing and evolved into such fantastic structures may be always far from under-
stood, an ingredient common to all of them is their composition of typically
hundreds of billions of stars. (It seems the unit of a billion is standard fare in space.)
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But although stars are the main visible manifestation of a galaxy’s mass, blended
across the far reaches of space to appear as a homogeneous whole, who among the
uninitiated would have ever suspected what one of these structures actually repre-
sents? Thus, the astronomers of old can hardly be chastised for assuming what they
saw were nebulae within the Milky Way — the only universe they knew. It took the
100-in. ‘Hooker’ telescope to show that galaxies were actually made up of stars,
other Milky Ways.

We know that the mass of all that is contained in the universe is subject to an
all-powerful force — something we perceive more as a result of its existence rather
than its tangibility. In simple terms we explain what we witness and experience as
“gravity,” but such simple language barely implies its real effect of bending the
fabric of space-time. Regardless, there is not enough visible mass in the universe to
explain the physics of galaxies, nor apparently even sufficient unseen dark matter
and dark energy ultimately to pull the universe back together for one more shot at
creation. If this is an accurate scenario, it seems that we are destined to expand into
obscurity and ultimate darkness, once our star-making factories are spent. However,
until that time arrives, it seems that the unwritten law of the universe dictates that
even almost totally vacuous matter is destined to bunch together ultimately to
become compressed into ever-denser matter. Gravity again. Thus the ongoing
processes of creation proceed, at least for the time being. The same forces of grav-
ity, and resulting forces of compression, will accompany the beginning of the cycle,
just as they do at the end. The beacons of energy that accompany the beginning or
end of life for stars represent the lifeblood of our existence. Regardless of which
fate awaits each star, one way or the other, all stars recycle their matter back into
the cosmos as forms of energy and elements. Without these events there could have
been no life on Earth — and no life anywhere else in the universe.

Thus, we return to what might have appeared to be those ‘inert’ looking dark
clouds of gas and dust populating so much of the space within galaxies. They turn
out to be more central to the life force of the universe than perhaps we may ever
have previously contemplated. It is enlightening to see on some of the best images —
those that show everything in extremely contrasted terms — there is usually much in
the form of dark nebulous matter appearing amazingly thick in dust; perhaps the
sheer quantity of matter available for star formation is made suddenly more appar-
ent, especially as we consider the clouds’ almost unimaginable size. And although
that matter in the most compressed form of stars may be not viewed as more than
a pinpoint, these ‘points’ may be several millions of miles in diameter, or even very
much larger.

However, we cannot assume that all visible dark matter in the cosmos has the
same potential for future generations of creation; some may have other characteris-
tics, makeup and possible future role; maybe other interstellar matter will simply
never condense in sufficient quantities and densities to live again, while other
regions are inappropriate for star making. But it does seem that dark stuff of one
kind or another can be found almost everywhere, if we just take the trouble to look
for it, even if we must look for it as indirectly silhouetted against brighter back-
drops. And perhaps it may have finally become clear to us that not all dark spaces
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Fig. 8.2 The author setting up the camera, adapter and image intensifier for imaging

are created equal, since there are many shades and variations in the degrees of dark-
ness that we see; usually many seem present within just one object.

Because our eyes are incapable of accumulating light as in time exposure imag-
ing, at times it is difficult to be sure whether we are actually observing dark
features, merely a lack of illumination, or just the depths of seemingly endless
space. Indeed, sometimes we may even have the illusion that some features are
darker than the surrounding space itself, but this can only be due to the presence of
slightly illuminated and extremely tenuous matter in the region. However, when it
comes down to what it is that motivates us to spend countless hours in the dark
hoping to glimpse a tiny fragment of detail we have never seen before within an
object long familiar, we should never overlook the one element outside the periodic
table that drives us — the human element. Of this is born inquisitiveness, and per-
haps looking for such tiny details, outside the norm, will drive us even further
(Fig. 8.2).
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