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CHAPTER 1
••

•• •••

F I RS T I M PRE SSION S
You can observe a lot by watching.
—Yogi Berra (1925–)

Imagine yourself on a magic carpet, levitating away from
Earth on a voyage into deep space. As you begin your ascent, you
can see ever enlarging vistas of land and sea beneath you. Very
soon, the terrestrial horizon begins to curve and fall away. Your
initial concept of a straight horizon that segregates Earth from sky
has become nonsensical. Instead, you see your home orb shrinking
ever smaller, and the starry sky enlarging to fill the expanse. As
your flying tapestry propels you beyond the inner Solar System,
your view of the Sun also begins to take up less and less of the sky.
Somewhere, way beyond the orbit of Pluto, you look back to see
that the planets have all but disappeared into the inky darkness,
with the Sun now only one of many bright stars in the firmament.
You are now entering the realm of interstellar space.
Comfortably perched upon your magical mat, you can see stars
above you and below you. You are completely enfolded in starlight. The familiar constellations are still there, including Ursa
Major the Big Bear, Orion the Hunter, and Leo the Lion. But there
is something else that you can now see as never before. A diaphanous band of eerie light completely encircles you like a hazy ring
of muted fire. This irregular skein of milky luminescence appears
to connect with you somehow, and indeed, your initial impression
is correct. Having removed yourself from the obstructing Earth
and blinding Sun, you have situated yourself in and amongst the

Waller.indb 1

For general queries, contact webmaster@press.princeton.edu

2/11/2013 9:13:26 AM

© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.
ℓ = 0°

Face-on View

ℓ = 45°

ℓ = 315°

bulge/bar

Sun

ℓ = 90°

ℓ = 135°

ℓ = 180°

ℓ = 270°

ℓ = 225°

100,000 Light years
Stellar disk
160,000 Light years
Gas disk
Ь = +90°

Ь = + 30°

Edge-on View
halo
Ь = +30°

Sun
Ь = 0°

stellar disk
bulge/bar

gas disk

Ь = 0°

Ь = −30°

Ь = – 30°
Ь = –90°

Figure 1.1. Cartoon schematic of the Milky Way Galaxy as seen from well beyond its extremities, showing both face-on and edge-on perspectives. We live inside the Milky Way, and
so cannot directly view our home galaxy from afar, but can construct models based on what
we have observed from within. (Top) Face-on perspective of the Milky Way featuring the
central bulge/bar of stars, stellar and gaseous disk, and spiral arms in the disk that trace recent star-forming activity. Lines of constant galactic longitude demarcate the view along the
Milky Way as seen from our particular location inside the galactic disk (see plates 2–5 and
figure 1.2). (Bottom) Edge-on perspective of the Milky Way featuring the central bulge/bar,
thin stellar and gaseous disk, and halo that contains globular star clusters (shown) and massive amounts of dark matter (not shown). Lines of constant galactic latitude delineate the
views in plates 2–5 and figure 1.2. [Courtesy of W. H. Waller and D. Lampert]
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stars that comprise the flattened disk of the Milky Way Galaxy (see
figure 1.1). Taking out your trusty binoculars, you confirm that the
encircling haze consists of stars upon stars extending away into the
vastness of space. You are awash in the Milky Way, your cosmic
home.

Mapping the Milky Way
Though mostly earthbound, astronomers have been able to achieve
the same all-sky view that your carpet-borne fantasy has suggested.
By taking pictures from both the northern and southern hemispheres of Earth and by stitching these pictures into mosaics, they
have created all-sky maps that reveal the entirety of the Milky Way
(see plate 1). Projecting these all-sky views onto flat pieces of paper
presents significant problems, however, as major distortions are
inevitable. The best we can do is to project the Milky Way itself as
a single undistorted band that runs along the “equator” of these
maps, while letting other parts of the sky become distorted. Doing
so leads to a natural system of “galactic coordinates” whose longitude is measured along the galactic equator and whose latitude
runs perpendicular to the equator positively toward the North Galactic Pole and negatively toward the South Galactic Pole. Ground
zero for the galactic coordinate system is located in the constellation of Sagittarius the Archer, where the Milky Way appears brightest and most extended in latitude. Its exact position has changed
over the years, as astronomers have learned more about the true
galactic center and its precise location in the sky.

The Inner Galaxy
Looking closer, we can see that each segment of the Milky Way has
its own unique features. Between longitudes of 310° (–50°) → 360°
(0º) → +50°, our attention is directed toward the inner Galaxy
(see plate 2 and figure 1.2). This is where the Milky Way is
brightest—and for good reason—as we are viewing the most pop-
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ulated part of the Galaxy. From our vantage point, we can see
parts of the central bulge extending above and below the disk
component. In long-exposure images, we can also spot several roseate nebulae and bluish star clusters, hallmarks of ongoing star
formation. The brightest of these fuzzy patches have been given
names that evoke their visual appearance through small telescopes.
The Lagoon Nebula, Eagle Nebula, Omega Nebula, and Flying
Duck Cluster are just a few of the marvels that can be found toward the inner galaxy.
Most of these celestial objects are located in the Sagittarius spiral arm, the nearest arm to us in this part of the Milky Way. Much
is hidden from view, however, as thick tendrils of dust obscure the
light from the innermost disk and bulge. Indeed, we can peer into
the inner galaxy only about 5,000 light-years before the intervening clouds of dust impede any further visible reconnaissance. That
gets us only one-fifth of the way toward the galactic center, which
lies a full 27,000 light-years from us. Some of the dusty obscuration can be viewed naked-eye as rifts of darkness that cleave the
Milky Way into strange shapes. The Great Rift is most notable,
extending from the constellation of Sagittarius through Serpens
the Serpent, Scutum the Shield, and Aquila the Eagle. Similar but
smaller blobs of darkness are apparent on the other side of Sagittarius in the constellations of Ophiuchus the Serpent Bearer, Scorpius the Scorpion, Norma the Square, and Circinus the Compasses.
In the following chapters, we will learn a lot more about these
murky regions, where new stars are being born.

Figure 1.2. (Top) Negative rendering of the visible Milky Way (where stars appear black) looking toward the inner galaxy and galactic center. Galactic longitude increases from right to left—from 260° through 360° (0°, the galactic center) to 100°. Galactic latitude ranges from bottom to top, from -30° through 0°
(the galactic midplane) to +30°. Major constellations are shown. (Bottom) The
visible Milky Way looking toward the outer galaxy and galactic anti-center.
Galactic longitude increases from right to left, from 80° through 180° (the galactic anti-center) to 280°. [Images courtesy of A. Mellinger (Central Michigan
University); see http://home.arcor-online.de/axel.mellinger/mwpan_old.html]
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Looking Downstream
Between the longitudes of 40° → 90° → 140°, we are looking in
the general direction of our Solar System’s orbital motion around
the galactic center (see plate 3 and figure 1.2). Our sight lines intersect the constellations of Sagitta the Arrow, Vulpecula the Fox,
Cygnus the Swan, Cepheus the King, and Cassiopeia the Queen.
The Orion and Perseus spiral arms make their presence known in
the form of myriad dark clouds and fluorescing nebulae. One of
these nebulae—the North America Nebula in Cygnus—is large
enough to be seen naked-eye under optimal dark-sky conditions.
Like other nebulae of its kind, the North America Nebula is being
made to fluoresce by the intense ultraviolet light from newborn
hot stars in its immediate vicinity. There is another nebula in Cygnus that is worth noting, for it traces the shock waves that have
been rippling through interstellar space since the explosion of a
massive star some 10,000 years ago. The Cygnus Loop is a favorite
target for amateur astronomers equipped with telescopes of 10-
inch to 20-inch diameter apertures.

The Outer Galaxy
Beyond 130º longitude and extending through 180° to 230º, we
are looking away from the galactic center and towards the galactic
anti-center (see plate 4 and figure 1.2). If we could regard ourselves
as living in the suburbs of the Milky Way Galaxy, then we would
be looking away from the Big City and toward the rural woodlands beyond. The intensity of diffuse starlight is considerably less
along this stretch of the Milky Way, but there are plenty of fascinating sources to catch our eye.
Beginning with Perseus the Rescuer of Andromeda, we find the
famous Double Cluster, also known as h and chi Persei. Through
binoculars, a glittering raiment of young blue stars can be perceived. Perseus adjoins Auriga the Charioteer and Gemini the
Twins, where binoculars will reveal several clusters of stars. Like
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the Double Cluster, these clusters are known as “open” clusters,
owing to their loosely organized appearance.
From Auriga, we pass through Taurus the Bull—home of the
Taurus Molecular Cloud. At a distance of 400 light-years, the Taurus Molecular Cloud is one of the nearest stellar nurseries, where
dust-
enshrouded protostars are incubating. Visible-
light photographs delineate this cloud of gas and dust as a rivulet of darkness,
silhouetted against the background stars. The constellation of Taurus also hosts the Pleiades and Hyades star clusters, the most
prominent clusters in the naked-
eye sky. The Pleiades brightly
shine with the bluish light of hot young stars. The Hyades star
cluster is considerably older and so shines with the mellower yellow and orange colors characteristic of its longer-lived stars.
Below Taurus, Orion the Hunter takes aim at the bull with his
shield and club. The Orion constellation contains an impressive
assortment of hot stars and glowing clouds—
testimony to the
giant molecular cloud in this part of the sky. Situated about 1,500
light-years from us, the Orion Molecular Cloud is only visible to
our eyes where newborn stars are illuminating its sundry gaseous
surfaces. The Orion Nebula and Horsehead Nebula are two notable instances, where parts of the larger cloud have been lit up like
storm clouds illuminated by fireworks. Similar scenes of recent
star-forming activity are being played in nearby Monoceros the
Unicorn, home of the Rosette Nebula and Cone Nebula. Like the
Orion and Horsehead nebulae, the Rosette and Cone nebulae feature clusters of hot stars that are irradiating, excavating, and fluorescing the nebulosity that surrounds them. Good binoculars and
a clear dark night are just barely sufficient for one to detect the
Rosette Nebula as something more than a tight grouping of stars.
The Cone Nebula requires more powerful telescopic assistance,
and is best detected in long-exposure images.

Looking Upstream
The longitudes of 220º → 270º → 320º take us in the direction
opposite to the Solar System’s orbital motion around the galactic
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center (see plate 5 and figure 1.2). The constellations of Canis Majoris the Big Dog, Puppis the Stern, Vela the Sails, Carina the Keel,
Centaurus the Centaur, and Crux the Cross complete our inventory of major star patterns along the Milky Way. Much of this
sector can only be viewed from the Earth’s southern latitudes—a
fine excuse to visit South America, South Africa, or Australia! Once
again, our gaze extends along a few of the Galaxy’s spiral arms,
most notably the Perseus and Carina-
Sagittarius arms. Among
these large-scale (and still poorly defined) spiral features, three
naked-eye objects stand out. The Carina Nebula is the largest and
brightest emission nebula in the sky. It spans more than two full
moons and outshines the Orion Nebula in absolute terms by a factor of 50. Contrasting with the Carina Nebula, the Coal Sack obscures rather than illuminates. This patch of inky darkness appears
absolutely opaque against the ghostly backdrop of more distant
stars. Long photographic exposures, however, show that the Coal
Sack is clumpy—with several stars visible within its dark ramparts.
Abutting the Coal Sack, the Southern Cross (Crux) blazes forth
with its distinct pattern of five bright stars. The flags of Australia,
New Zealand, Papua New Guinea, and Samoa are each graced
with graphic renderings of the Southern Cross. Our 360º tour of
the Milky Way ends with Alpha Centauri—the nearest stellar system to us. At a distance of only 4.2–4.4 light-years, the three stars
that make up the Alpha Centauri system share our perspective of
the larger Milky Way. If we could converse with any planetary inhabitants that happened to be in orbit around these stellar realms,
we would have no difficulty chatting about the Milky Way.

Above and Below
Of course, not all of the Milky Way Galaxy is confined to the narrow band that we call the “Milky Way.” All of the stars that are
visible in the sky belong to our home galaxy. Indeed, the only
naked-eye objects that are not part of the Milky Way Galaxy are
the Andromeda Galaxy that is visible from northern latitudes and
the Large and Small Magellanic Clouds that can be seen from
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southern latitudes. As seen by us, many of the Sun’s most prominent stellar neighbors are arrayed well above and below the Milky
Way. Although these stars are still part of the Galaxy’s disk component, their close proximity to us allows for large (apparent) deviations from the disky norm.
Other galactic objects are located far from the Milky Way because they are in fact situated far from the disk—in a part of the
Galaxy that is called the halo. Globular star clusters are most notable for populating the halo component. These dense stellar
swarms contain the oldest stars in the Galaxy. Their origin some
12 billion years ago continues to puzzle astrophysicists, as they
implicate a galaxy that was very different in the distant past. Did
today’s Milky Way Galaxy evolve from a humongous cloud that
collapsed under its own weight to form a rapidly rotating disk
with leftover globular star clusters in the halo? Or did the Milky
Way Galaxy get pieced together from a flurry of merging dwarf
galaxies—where the globular star clusters represent the undigested
cores of these dwarf systems? Many questions remain regarding
the structure, origin, and evolution of our galactic home. To answer them, astronomers are drawing on multi-wavelength observations of every component that they can detect. Some of these
mind-expanding observations are described in chapter 3. But first,
an abridged history of our evolving galactic perceptions is in order.
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