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Previous M106: A SWIRLING DISK OF GAS AND STARS
The spiral galaxy M106 in Canes Venatici lies at a distance of 24
million light-years and is bright enough to be a familiar target for
galaxy observers armed with telescopes. It was one of the first galaxies
with a recognized supermassive central black hole. In fact, this is a
Seyfert galaxy, with an irregularly active energy output, and its black
hole has about the same mass of the Milky Way’s—3.9 million solar
masses. M106 also cont ains Cepheid variable stars that are key to
helping set the cosmic distance scale, allowing astronomers to refine
their distance measurements.

THE MAGELLANIC CLOUDS OVER THE ATACAMA DESERT
Countless stars from our galaxy, the Milky Way, appear in this image
taken in Chile’s high Atacama Desert, perhaps the darkest sky on Earth.
The Large and Small Magellanic Clouds, satellite galaxies of the Milky
Way, stand out in the sky.

Overleaf THE BLACK EYE GALAXY IN COMA BERENICES
Another showpiece target for amateur skywatchers, the Black Eye
Galaxy (M64) in Coma Ber enices features a broad, arcing dust lane
across the galaxy’s hub that gives the object its nickname. This galaxy
consists of counter-rotating disks, which may have arisen from an earlier
collision. It lies 17 million light-years away.
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FOR BRIAN MAY,  who makes the galaxy a far more interesting place in which to live.
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Praise for David J. Eicher:

‘I love this book. It represents a new giant leap in our ability to visualize the universe. For me, reading it was a shocking realization that I must now update my mental picture of the cosmos.’  BRIAN MAY, astrophysicist and founding member of Queen

‘The natural history of the galaxies is majestic and deserves its own David Attenborough. In David Eicher, it may just have found him.’ RICHARD DAWKINS, emeritus fellow, University of Oxford
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About the Book

TOUR THE INCREDIBLE SCOPE OF THE COSMOS AS WE KNOW IT

Journey to the edges of our galaxy and beyond with one of the most widely recognized astronomy experts as your guide. Delve into the history of stargazing and space observation, learn how black holes power galaxies, and understand the classification of the different galaxy types. This illuminating book – with artful illustrations and never-before-seen space photography – will open your mind to the wonders of the universe that await.
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Dedication

FOR BRIAN MAY,
who makes the galaxy a far more interesting place in which to live
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Foreword

n the first quarter of the twentieth century the existence of galaxies moved from a matter of speculation to observational fact. By the early 1930s distances (albeit inaccurate due to problems that were not recognized at the time) were estimated to several nearby galaxies and the expansion of the universe was established. The Milky Way became part of a vast population of galaxies that are illuminated by their stellar populations. In optical images galaxies appeared to be well separated in space, and the concept of galaxies as isolated regions, “island universes,” was born, a view that remained in place for decades.

After 1950, with the advent of large optical telescopes and new technologies, our model for galaxies grew richer. Radio observations revealed the presence of often billions of solar masses of interstellar gas, as well as showing that some galaxies emitted much of their power at radio wavelengths, a process requiring massive injections of electrons moving at nearly the speed of light. These data and X-ray observations led to the recognition that multimillion solar mass black holes lurk in the centers of most giant galaxies.

With the confirmation of the Big Bang model, it was obvious that galaxies had to form in the early universe and then evolve into their present-day structures. However, theoretical models for galaxies consisting only of normal baryonic matter failed to produce credible results. The answer came from an unexpected quarter. In disk galaxies the rotation speeds at large radii failed to decline as required if
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FOREWORD

galaxies consisted only of visible stars and gas. An extra invisible component, the dark matter halos, evidently surround galaxies and make up most of their mass. Dark matter dominated models of galaxies not only fit the data but also allowed for the development of a testable theoretical framework for galaxy formation and subsequent evolution.

In the late twentieth century the Hubble Space Telescope and ground-based 8- to 10-m aperture telescopes opened the way to the study of youthful galaxies. One of astronomy’s great advantages is the ability to directly see the distant past, provided, of course, that one has suﬃcient sensitivity! These studies and their multi-wavelength follow-ons revealed that young galaxies are compact, interactive, and potentially supporting stupendous star formation rates. In other cases power outputs equivalent to trillions of suns were supplied by young supermassive black holes, as they rapidly grew by accreting gas and likely also stars. Consistent with the hierarchical growth through mergers concept in dark matter models, galaxies in their youth were anything but the stately island universes of the 1930s!

So where are we now? We know that galaxies are complex physical systems that experience dramatic evolution as they age, interact with their environments as they convert gas into long-term storage in stars or sequester normal matter into black holes. The presence of dark matter halos is the standard model, one that we constantly check through comparisons between ever improving simulations of the development of cosmic structure in an evolving universe and increasingly rich observations. With the power provided by high performance telescopes operating across much of the electromagnetic spectrum, we now can admire and study the complexity of galaxies in ways that our eyes cannot see, and at the same time enjoy their celestial beauty when resolved into myriads of stars or fantastic structures of interstellar gas.

This book introduces the world of galaxies from a twenty-first-century perspective. We have learned a great deal since the existence of galaxies began to be seriously recognized almost exactly 100 years ago, but still have a long journey before we fully understand these natural marvels. Enjoy this guide with its many images of galaxies, and if you have a chance to observe a galaxy through a telescope, most likely as a smudge of light, you will more fully realize why what you are seeing is one of nature’s wonders.

—JAY GALLAGHER

Madison, Wisconsin
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VIBRANT COLORS OF THE ANDROMEDA GALAXY This spectacular portrait of the Andromeda Galaxy shows it in its full vibrant colors, with bluish spiral arms filled with bursts of star formation, and an older, yellowish population of stars near the galaxy’s central hub.
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THE MILKY WAY’S COMING COLLISION WITH ANDROMEDA

This image shows one moment in the future collision of the Milky Way with the Andromeda Galaxy, which will produce a chaotic supergalaxy, a merger some 4 to 5 billion years from now.
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Introduction

G A Z I N G I N TO A S U M M E R S KY

When I was fourteen years old, I was invited to a “star party” in the little town of Oxford, Ohio, where I grew up. Someone had a six-inch telescope there, and I was immediately entranced by the realization that I could walk outside into a yard and gaze deeply into the universe. It was Saturn that caught my attention at that first star party, but soon I was out in a large cornfield in the back of my own subdivision, night after night, exploring the sky with a simple pair of 7x50 binoculars.

What a spectacular summer of binocular stargazing that was! I knew almost nothing of the sky, and had no telescope. Every new view was a discovery, whether it was scanning along the glistening backdrop of the Milky Way, spotting a star cluster, or coming across a bright and colorful star. I took the first steps in a deep knowledge of the sky that summer, something that too few stargazers now possess, in an era of computerized go-to telescopes.

Soon I wandered my binoculars’ field of view into the Great Square of Pegasus, and across the nearby constellation Andromeda. The glow I encountered there, like a bright hazy star surrounded by an elongated, oval fuzz, I soon learned was a pretty special “deep-sky object.”

I had stumbled onto the Andromeda Galaxy, and as soon as I learned what it was, I also learned to see it with my eye alone under our dark Ohio sky. In fact, for
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GALAXIES

most people, it is the most distant object visible to the unaided human eyes. The Andromeda Galaxy is a galaxy like our Milky Way, located some 2.5 million light-years away—that’s 57 million trillion kilometers, a long hike. (Under perfect sky conditions, some experienced observers claim to see more distant galaxies like M33 and M81 with the naked eye.)

Until the early 1920s, no one knew what galaxies were. Moreover, they had no idea how large the universe was. For many decades beforehand, “spiral nebulae” were thought to be strange gas clouds within our own galaxy. In the early 1920s American astronomer Edwin Hubble made a breakthrough discovery at Mount Wilson Observatory that led to understanding the fundamental nature of galaxies. Aided by work by Lowell Observatory astronomer Vesto M. Slipher, Hubble and others deciphered the cosmic distance scale, at least to a first approximation. By the late 1920s astronomers and the informed public understood that we live in a universe filled with galaxies and that the Milky Way and the Andromeda Galaxy are just two of them.

As I learned more and more about galaxies, I turned to every book I could get my hands on. I was immersed in these distant objects right away. A small astronomy club called the Astronomical Association of Oxford Ohio was built around chiefly college students in our community, which hosted Miami University in southwestern Ohio. They were looking for a columnist to write about galaxies and other distant objects in the sky, collectively known as deep-sky objects, the stuff beyond our solar system. I started writing a column about my observations, and this led to me starting a little “magazine”—a newsletter, really—produced at first on a mimeograph machine in my father’s chemistry oﬃce at the university. Deep Sky Monthly reported on numerous galaxies, and grew over its five-year lifespan to a circulation of 1,000.

This growing interest in observing galaxies coincided with a burgeoning availability of larger telescopes in the hands of amateur astronomers, in what became known as the Dobsonian revolution. John Dobson, a San Francisco area amateur astronomer, pioneered a technique of making large telescopes with inexpensive mirrors, perched on simple mounts that moved up and down and sideways like a battleship gun turret. Larger telescopes in the hands of amateur astronomers meant that more and more people could see fainter and fainter objects for themselves, including numerous galaxies. Interest in observing the sky skyrocketed.

One of the books I discovered early on was Galaxies, a pictorial book with a smartly written scientific text by the great science writer Timothy Ferris. Published
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most people, it is the most distant object visible to the unaided human eyes. The
Andromeda Galaxy is a galaxy like our Milky Way, located some 2.5 million light-
years away—that’s 57 million trillion kilometers, a long hike. (Under perfect sky
conditions, some experienced observers claim to see more distant galaxies like M33
and M81 with the naked eye.)

Until the early 1920s, no one knew what galaxies were. Moreover, they had
no idea how large the universe was. For many decades beforehand, “spiral nebu-
lae” were thought to be strange gas clouds within our own galaxy. In the early 1920s
American astronomer Edwin Hubble made a breakthrough discovery at Mount
Wilson Observatory that led to understanding the fundamental nature of galaxies.
Aided by work by Lowell Observatory astronomer Vesto M. Slipher, Hubble and
others deciphered the cosmic distance scale, at least to a first approximation. By
the late 1920s astronomers and the informed public understood that we live in a
universe filled with galaxies and that the Milky Way and the Andromeda Galaxy are
just two of them.

As I learned more and more about galaxies, I turned to every book I could get
my hands on. I was immersed in these distant objects right away. A small astronomy
club called the Astronomical Association of Oxford Ohio was built around chiefly
college students in our community, which hosted Miami University in southwestern
Ohio. They were looking for a columnist to write about galaxies and other distant
objects in the sky, collectively known as deep-sky objects, the stuff beyond our solar
system. I started writing a column about my observations, and this led to me start-
ing a little “magazine”—a newsletter, really—produced at first on a mimeograph
machine in my father’s chemistry office at the university. Deep Sky Monthly reported
on numerous galaxies, and grew over its five-year lifespan to a circulation of 1,000.

This growing interest in observing galaxies coincided with a burgeoning avail-
ability of larger telescopes in the hands of amateur astronomers, in what became
known as the Dobsonian revolution. John Dobson, a San Francisco area amateur
astronomer, pioneered a technique of making large telescopes with inexpensive mir-
rors, perched on simple mounts that moved up and down and sideways like a battle-
ship gun turret. Larger telescopes in the hands of amateur astronomers meant that
more and more people could see fainter and fainter objects for themselves, including
numerous galaxies. Interest in observing the sky skyrocketed.

One of the books I discovered early on was Galaxies, a pictorial book with a
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galaxies consisted only of visible stars and gas. An extra invisible component, the
dark matter halos, evidently surround galaxies and make up most of their mass.
Dark matter dominated models of galaxies not only fit the data but also allowed for
the development of a testable theoretical framework for galaxy formation and sub-
sequent evolution.

In the late twentieth century the Hubble Space Telescope and ground-based
8- to 10-m aperture telescopes opened the way to the study of youthful galaxies.
One of astronomy’s great advantages is the ability to directly see the distant past,
provided, of course, that one has sufficient sensitivity! These studies and their
multi-wavelength follow-ons revealed that young galaxies are compact, interactive,
and potentially supporting stupendous star formation rates. In other cases power
outputs equivalent to trillions of suns were supplied by young supermassive black
holes, as they rapidly grew by accreting gas and likely also stars. Consistent with
the hierarchical growth through mergers concept in dark matter models, galaxies in
their youth were anything but the stately island universes of the 1930s!

So where are we now? We know that galaxies are complex physical systems
that experience dramatic evolution as they age, interact with their environments
as they convert gas into long-term storage in stars or sequester normal matter into
black holes. The presence of dark matter halos is the standard model, one that
we constantly check through comparisons between ever improving simulations of
the development of cosmic structure in an evolving universe and increasingly rich
observations. With the power provided by high performance telescopes operating
across much of the electromagnetic spectrum, we now can admire and study the
complexity of galaxies in ways that our eyes cannot see, and at the same time enjoy
their celestial beauty when resolved into myriads of stars or fantastic structures of
interstellar gas.

This book introduces the world of galaxies from a twenty-first-century per-
spective. We have learned a great deal since the existence of galaxies began to be
seriously recognized almost exactly 100 years ago, but still have a long journey
before we fully understand these natural marvels. Enjoy this guide with its many
images of galaxies, and if you have a chance to observe a galaxy through a telescope,
most likely as a smudge of light, you will more fully realize why what you are seeing

is one of nature’s wonders.

—JAY GALLAGHER

Madison, Wisconsin
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