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—David Hartsel
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FOREWORD

One clear night in April 1988, my wife, Donna, and I were sitting under the stars on David Levy’s roof. David was not with us. An hour earlier, he had climbed down the vertical ladder leading from the roof to the ground, walked a few yards to the south, and locked himself in his Jarnac Observatory—a rectangular wooden structure that housed Miranda, his 16-inch Dobsonian comet seeker.


As the minutes passed, Donna and I fell silent as David, now out of sight, patiently swept the heavens for those cosmic hairballs we call comets. Suddenly, we heard a muffled cry from David: “Oh, hello,” he said. Jumping up, because we thought David had another guest, we scanned the yard from our high perch, but saw no one. All was still. Perhaps David was on the phone. Minutes passed again in silence, until we heard, “Oooo! Wow, You look nice!” Once again, we were up and scanning the yard in vain. Then it dawned on us. David was not entertaining any normal guest. He was conversing with the sky. He was reacting to the sudden appearance of a razor-sharp, edge-on galaxy or a globular cluster, where hundreds of thousands of suns are packed into a tiny globe of scintillating light. These are David’s friends, our celestial neighbors. David is the consummate romantic. He has two passions: his wife, Wendee, and the stars above. If you want to see David’s soul, just look up into the night sky.


When David told me he was going to write a book about his favorite deep sky objects, a smile came over my face. I cannot think of a better person to share with you the objects he has come to love and adore for the last half century. David’s list is not meant to supplant any existing lists. It is an index of celestial artwork. What David has done is akin to opening a museum that displays the works he has visually “collected” over the years. All he wants to do is to share these wonders with you—from his discerning eye.


Astronomy is such a personal endeavor. No two people looking at the sky will fall in love with the same deep sky objects, which is why it’s fun to share. David’s list represents the biggest and best, especially those objects that have inspired David the most. It is a portrait of a collector. By looking at these objects we can gain a better understanding of what it is that makes us one with the sky. Once you discover why David has selected these objects, perhaps you, too, will be inspired to create your own list and share it with others. As with museum art, the artist does not define the art, the art defines the artist. So go out and enjoy. David will be your guide.


Stephen James O’Meara Volcano, Hawaii, 2005








PREFACE


As he who studies fervently the skies Turns oftener to the stars than to his book …


—Lord Byron, Don Juan 2.163, 1819




It’s the night sky. The Sun has set, the sky is clear, our telescope is ready, and one by one, the stars are beginning to come out. Welcome to the show that never ends.


This is the night sky that Charles Messier observed from a distant time and place. More than two hundred years ago, from Paris, Messier became the first observer to search for and discover comets as part of an organized program; he kept records of the celestial objects that appeared through his telescope during the nights of his search. After ten years, he published the first version of his catalog.


Why did Messier publish his list in 1771? As translated in Ken Graun’s The Next Step: Finding and Viewing Messier’s Objects, 1 Messier wrote: “I started this book in 1764, by observing those which were already known as well as researching others that had eluded astronomers since the telescope was invented.” However, he then proceeds to describe his motivation: “[In 1758] I discovered above the southern horn and at a short distance from the Zeta star of this constellation, a whitish, elon-gated light…. On September 11, 1760, I discovered in the head of Aquarius a beautiful nebula.” It is apparent that Messier’s first two objects inspired him to build a list, but that over the following decade, the list and its purpose took on a life of its own.


I wish that more comet hunters had followed Messier’s lead and had published lists of their own “comet masqueraders” as Leslie Peltier, one of the most famous comet finders of the last century, put it. Although Peltier did keep a list of those objects arranged in order of right ascension, he never published it. It would be fascinating to see which objects were common to all the lists, whether published or not, kept by different searchers. Because comet searchers use different types of telescopes under different types of sky, the number of common objects would probably be relatively low.


My own list has the same inspiration as Messier’s, and this book is similar to the stated purpose of Messier’s first catalog. But astronomy has changed utterly since 1771, and major catalogs now cover virtually everything in the sky down to about 20 magnitude. While Messier’s list was intended to guide astronomers, mine is to guide beginners into the field of deep sky objects, and to offer a personal taste of the night sky to observers. This is a list of objects in the sky that I’ve been watching for decades, and the objects that this book will feature have come into the eyepiece of my telescope in a procession that began on January 1, 1966, only two weeks after I started my search for comets, with a small cluster called NGC 1931.


It has been almost forty years since that frigid January first. I’ve spent thousands of hours with my eyepiece, patiently moving from field to field, in my search for comets. That search has been quite successful; over the years I have discovered eight new comets crawling across the sky, as well as thirteen new comets on photographic film. And as much as I have enjoyed the thrill of each of those comet discoveries, I can categorically say that if those moments of personal discovery were the only causes of joy for my program, I would have given it up years ago. It is what I have found on the road to a comet that has kept me going. And it is what I’ve found on that road that is the subject of this book.


This book is a journey to distant objects in the night sky. Deep sky objects are generally considered to be anything beyond the solar system. But in reality the various lists of deep sky objects that have appeared concentrate on objects so far away that they present a fuzzy appearance in a telescope. The objects I have selected are all over the sky, and they come with interesting historical stories. They include red stars, double and triple stars, unique star patterns, clusters, nebulae, galaxies, and quasars.


Two factors make this book different from other guides to the deep sky. First, it is not a mere listing of objects but an approach to the wonders of the deep sky. It includes many objects that can be found even in a light-polluted sky, which means that even someone just starting out in astronomy can enjoy them.



HOW THE LEVY LIST IS BUILT


… none of us so much as know our letters in the stars yet …


—Charles Dickens, The Mystery of Edwin Drood, 1870




The highlights of the list this book offers did not come from hours of reading and research, but from four decades of actually searching the sky. I am a comet hunter. As I would search a region of sky, occasionally I would come across an interesting object—an unusually colored star or cluster of stars, a cloud of gas, or a galaxy. An object has to have something special about it to merit inclusion. Over the years I have located more than three hundred objects, of which the “best and brightest” will be featured in this book. The objects will be presented in the order of their distance from us. This way the reader—particularly the beginning reader—will be taken on a tour of fascinating objects beginning with double and triple stars and the exciting explosive variable stars, then move out toward the open clusters and asterisms, then to the more distant nebulae, then to the galactic center and the globular clusters orbiting our galaxy, and on to galaxies and ultimately to the clusters of galaxies.


Finally, at the end, readers will have access to information on all 378 objects in the list. And once you’ve put the book down, in the years to come, you can watch as the catalog continues to grow at http://www.jarnac.org. Welcome to my family of deep sky objects. May you enjoy meeting them.










PART 1

AN INTRODUCTION

BEYOND THE MOON


Great father he of generation, Is rightly cald, th’author of life and light …

—Edmund Spenser, The Faerie Queene, 1596, referring to the Moon




… to expect anything better is to ask for the moon and the stars.

—Miguel de Cervantes Saavedra, Don Quixote de la Mancha, 1605




Thence, to the Circle of the Moone she clambe …

—Spenser, Cantos of Mutabilitie (The Faerie Queene), 1609




I’m the Knight of the White Moon I am …

—Cervantes, Don Quixote




The Moon is down; I have not heard the clock. And she goes down at twelve.

—William Shakespeare, Macbeth 2.1.2–3, 1606




For, ever since, immortal man hath glowed With all kinds of mechanics, and full soon Steam-engines will conduct him to the moon.

—Lord Byron, Don Juan 10.27–8, 1823




He sighed;—the next resource is the full moon, … But Lover, Poet, or Astronomer—

Shepherd, or swain—whoever may behold, Feel some abstraction when they gaze on her;

Great thoughts we catch from thence …

—Lord Byron, Don Juan 16.13.1, 16.14.1–4, 1823




… Cloisterham being so beautiful, with the moon shining on it—these things inclined me to open my heart.

—Charles Dickens, The Mystery of Edwin Drood, 1870.




The Moon faded behind a sinister black cloud.

—Leon Uris, Exodus, 1958




The night was misty and there were no stars or moon …

—Uris, Exodus




The Moon last night made a porpoise or a dolphin out of black cloud and haloed it with silver.

—Peggy Pond Church, The House at Otowi Bridge, 1959



Even though the Moon is not a deep sky object, it deserves some tribute in this book. Its presence or absence in the night sky dictates the nature of our observing sessions. At two and a half days before and after full phase, its light brightens the sky at half the level that it does at full phase. For those five days, only the brightest deep sky objects, like the Pleiades, are worth viewing. Before or after that time, however, it is possible to see a sizable proportion of the objects in this book. Only those objects that require a dark sky (and are so described in the chapters to come) need to be scheduled around the times when the Moon is not in the sky. Indeed, amateur astronomers pay close attention to the phases of the Moon in planning their sessions under the stars.

Besides helping us plan our observing sessions, the Moon is the one object in the sky that has managed to find its way into literature more often than any other. Through the centuries, it has called to us, beckoned to us. It summoned Shakespeare to create the mood for the night that Macbeth killed Duncan, and it inspired Lord Byron to predict the Apollo Moon flights a century and a half before they actually happened. The Moon is one of my favorite objects in the sky. At countless evening star parties, I have watched its light carrying its inspiration into the eye of a child, and while alone, I have climbed its mountains and crawled into its craters.

Like Macbeth, we wait until the Moon goes down to get the darkest possible sky for our “denizens of the deep”; like Uris, we wait for the Moon to vanish and the deeper sky to open its doors to us.







CHAPTER 1

LETTING THE SKY COME TO YOU


Does it seem incongruous to you that a Middlemarch surgeon should dream of himself as a discoverer? Most of us, indeed, know little of the great originators until they have been lifted up among the constellations and already rule our fates. But that Herschel, for example, who “broke the barriers of the heavens”—did he not once play a provincial church-organ, and give music-lessons to stumbling pianists? Each of those Shining Ones had to walk on the earth among neighbors who perhaps thought much more of his gait and his garments than of anything which was to give him a title to everlasting frame: each of them had his little local personal history sprinkled with small temptations and sordid cares, which made the retarding friction of his course towards final companionship with the immortals.

—George Eliot (aka Mary Anne Evans), Middlemarch, 1872



Astronomical discovery has always had a kind of magic to it. Tycho Brahe’s discovery of the supernova of 1572 and his observations of the comet of 1577 were very important events in the history of science. Thanks to those events, humanity learned that a pattern of fixed stars was not always unchanged and that comets are not, as Aristotle believed, exhalations of air in Earth’s atmosphere, but instead are real objects farther than the Moon. In 1609 Galileo began making a series of discoveries that completely changed humanity’s understanding of its place in the cosmos. The moons of Jupiter, the spots on the Sun, and the phases of Venus all served as evidence that the Sun, not Earth, is at the center of the solar system.

More than a century later, two great astronomers made other discoveries that extended humanity’s understanding of its celestial surroundings. William Herschel, about whom George Eliot wrote so convincingly, is best known for his discovery of Uranus. Besides looking up at the sky, he also looked up to his colleague from France, Charles Messier, who by 1789 was well known as a comet finder.

At the time of William Herschel’s discovery of Uranus, Messier was celebrated as the first person to discover comets as part of a deliberate, planned search program. Having found his first comet in 1760, he became so well known for his finds that within a few years Louis XV had dubbed him the comet ferret. More than two hundred years later, Messier’s comets were long gone, but the galaxies, clusters, and clouds of gas and dust that he found during his search are still there, still precisely in the sky where he found them, and still easily visible through small telescopes.

Messier’s career is an example of astronomical serendipity. He wanted to find comets, but it is what Messier found on the road to those comets that makes him such a highly respected figure today. And his findings on the road comprise a catalog that is so relevant to this book. Messier’s catalog is the first list of objects in distant space. Created to decipher which roadblocks to avoid on the way to a comet, the catalog now stands by itself as a way for any new observer to become familiar with what’s out there.


CHARLES MESSIER’S CATALOG

Fuzzy objects that are not comets lurk all over the sky. They are beautiful to watch, but for people who search for comets they can be viewed as an inconvenience; comet discoverer Leslie Peltier called them “comet masqueraders.” At the end of 1758, Messier found a fuzzy patch of light near the star Beta Tauri. As he studied it from hour to hour and from night to night, he found that the faint fuzzy object stayed plastered to the sky; even though it looked like a comet, it never moved like a comet.

Thus, in his pursuit of comets, and not to be fooled again, Messier decided to include in his catalog each object that he came across during his search program. The first entry, now called Messier 1 or M1, is more popularly known as the Crab Nebula because it resembles a ghostly version of the sea animal. Besides this supernova remnant, Messier’s catalog includes a treasure trove of the Northern Hemisphere sky’s distant objects. Some of those Messier discovered; others he merely listed. In 1962 I began my own “Messier hunt” with a single observation of the Pleiades, M45. In the spring of 1967, using a larger telescope—an 8-inch f/7 reflector—I finished my list while observing from my grandfather’s cottage at Jarnac Pond, Quebec. The last one I found was Messier 83, a beautiful and complex galaxy in Virgo. The most difficult one for me was M61, which I found at the Adirondack Science Camp on July 16, 1966.

Messier published three versions of his catalog. The first 45 objects appeared in 1774, and by 1781 his list had grown to 103. Besides the roster that Messier created for himself, other objects he recorded but never listed were later included, so that now the Messier catalog totals 110 objects spread over much of the sky.

I was well on my way to identifying all the Messier objects when I started my program of comet hunting on December 17, 1965. I had no idea that the adventure would lead as far as it did, to eight visual discoveries so far and thirteen photographic finds. But what happened on that road—my bumping into each of the objects that form this book—might be as important as the search itself.

Perhaps the most basic lesson is that comet searching provides us with an opportunity to explore what the sky really has to offer. Each of the objects in the catalog that forms this book came to me during my search for comets. Thus, each one has a story to tell: a memory of some special observing session when it first entered my eyepiece, compelled me to pause for a moment, then made me take the time to identify the object and add it to my list. This book features these lodestars on the path to comets. What follows now is a summary of the comet search that led to them.




A BACKGROUND OF MY COMET HUNTING PROGRAM

I have been comet hunting for forty years, and over that time my program has evolved. When it began on the night of December 17, 1965 (thirty-nine years to the day before I write this), I did not list the actual finding of a comet as the program’s primary aim. In the program log that night, I wrote instead what my program goals were:


	(1) To become familiar with the sky through searching for comets and/or novae.

	(2) To discover either a comet or a nova.

	(3) To learn as much as possible about comets and/or novae through a research program. 1




I learned a great deal about comet hunting in the months after that chilly December night. The first breakthrough came the following summer, when under the dark sky of the Adirondack Science Camp I was able to spot a faint, large galaxy called M101. I entered that as L2 on my list. It taught me that a dark sky would allow me to see faint galaxies whose surface brightness was less than the background brightness of my light-polluted sky at home. This meant that my search for comets was likely to be more successful if I could find a dark sky.

Even after accomplishing that end—moving to the dark sky near Tucson, Arizona, in 1979—it was not until November 13, 1984, that I discovered my first comet (Comet Levy Rudenko C/1984 V1) near NGC 6009, a cluster of stars. After 917 hours and 28 minutes, spread out over nineteen years, the second aim of my program was achieved at last.

Early in January 1987 I found my second comet (C/1987 A1) as a faint fuzzy visitor on a chilly—and rainy—Tucson morning. The sky was pretty cloudy—in fact within half an hour of the discovery it was pouring rain! I discovered my third comet (C/1987 T1) only 107 observing hours after the second.

On March 20, 1988, I found a comet (C/1988 F1) in the predawn sky only two weeks after I met Gene and Carolyn Shoemaker for the first time. This new comet, it turned out, was virtually identical in its orbit to a comet the Shoemakers found a month later. This was the first case of a pair of related long-period comets being discovered independently. Some twelve thousand years ago the two comets were one that, for some reason, split apart. 2

Of the next few comets that I found, the most interesting were the comet of 1990, which became bright enough to be seen with the naked eye during that summer, and a periodic comet in 1991. The latter turned out to be a new periodic comet that returns to the vicinity of the solar system every half century. For some reason it had never been picked up, with one possible exception: In 1499 Chinese and Korean observers observed a comet pass from Hercules through Draco, and the Little and Big Dippers. 3 The orbit of that comet is so similar to that of Periodic Comet Levy that it could be the same comet, although positive identification will probably have to wait until the comet returns around 2041.




COMET HUNTING VIA PHOTOGRAPHY

In the fall of 1989 I began a new kind of comet searching. My 1988 meeting with the Shoemakers led me to become a partner in their comet and asteroid search, which took place for a week each month at the 18-inch telescope at Palomar.

On April 15, 1994, I discovered a comet in the tiny constellation of Equuleus. A few hours earlier, the Japanese comet hunter Takamizawa found the same comet using photography as his detective. Then came the summer of 1994, an unforget-table time during which we watched Comet Shoemaker-Levy 9’s (D/1994 F2) spectacular encounter with Jupiter.

As I write these words ten years after codiscovering Comet Shoemaker-Levy 9, I have found nothing since then. Back in the freewheeling nights when I was discovering a new comet almost every year, amateur search programs competed mostly with each other. Even when the photographic surveys like the one that the Shoemakers and I conducted using the 18-inch telescope at Palomar were at their height, it was still possible to discover comets visually in the large areas of sky closer to the Sun.

By 1997 well-funded surveys were out of the gate and starting to automatically discover asteroids and comets. These projects include LINEAR, run out of Lincoln Lab; NEAT from NASA’s Jet Propulsion Lab; and Spacewatch and the Catalina Sky Survey from the University of Arizona’s Lunar and Planetary Lab. These major surveys, as wonderful as they are, have come to mean that amateur visual comet searches are far less likely to discover comets than they were even a few years ago.




MY PRESENT PROGRAM

I am searching for comets today as carefully and as enthusiastically as I’ve been doing for most of the last forty years. Back in the summer of 1965, I spent many nights learning the sky above the Adirondack Science Camp. I didn’t know it at that time, but I was preparing for my comet search, which began a few months later, by becoming as familiar as possible with as many deep sky objects that could be savored under a dark sky. During that summer I was working with other young people, thirteen-year-olds like David Larach. He had arrived at camp eager to study electronics, but after staying outside with me over several magnificent nights decided to focus his interests on astronomy. He has never lost that love. The effort that I made that summer to motivate other young people like David to love the sky has also helped train me for comet hunting.

That was forty years ago. Today I search visually and with modern electronic cameras called charge-coupled devices (CCDs). In the modern CCD mode, I take three or four images of every field, and over the course of a night, this might add up to several hundred fields. The images are scanned for asteroids and comets. My happiest nights, in fact, are when I observe in two ways at once. As I nudge Miranda, my 16-inch reflector, from field to field over a chilly hour or two, or three, at least two other telescopes I use are busy automatically acquiring hundreds of images of other parts of the night sky. This multiple searching technique intensifies my appreciation of what I’m doing: as field after field of stars pass through my eyes, the occasional whirring of motors tells me that my other telescopes are working as well. I feel as though I’m getting double or triple the bang for my buck.


Tranquility, peaceful surroundings, the pleasures of the countryside, the serenity of the skies … to fill the world with wonder and delight.

—Cervantes, Don Quixote












CHAPTER 2

GETTING EXCITED ABOUT THE DEEP SKY


Who wouldst not leave him in his wandering To seek for treasure in the jeweled skies …

—Edgar Allan Poe, “Sonnet to Science,” 1831




Last night of all,

When yond same star that’s westward from the pole

Had made his course that part of heaven Where it now burns, Marcellus and myself, The bell then beating one—

—William Shakespeare, Hamlet 1.1.35–38, circa 1601



Almost three hundred years after Shakespeare wrote these lines, I crawled out of my warm bed on the night of September 1, 1961, trudged down the stairs, opened the side door of our home, and walked out onto our terrace. High in the eastern sky shone the Pleiades, its six bright stars easily seen without a telescope, without binoculars. It was my first view of what we call a deep sky object.

What exactly is the deep sky? Essentially, the term refers to anything in the sky that lies beyond our solar system. When we look at Jupiter, Saturn, our Sun, or even a comet, we’re not exploring the deep sky. But when we look at any of the distant stars, we are observing the deep sky.

Another meaningful memory took place on the night of March 23, 1963. For two hours I sketched the positions of 240 stars in the Milky Way, observed the Beehive star cluster Messier 44, and checked on the bright star Sirius. For me, that was a deep sky observing session.


EVERY STAR IS A SUN (STARS ARE DISCUSSED IN CHAPTER 4)

How does a star work? As gravity forces its material toward its center, thermal pressure tries to drive it outward, keeping the star in equilibrium. At our Sun’s core, some four million tons of hydrogen are fused into helium every second. Although this has been going on for some five billion years, less than 6 percent of the Sun’s supply of hydrogen has been converted into helium.

The Sun will retain this equilibrium as long as there is hydrogen in its core to provide fuel for its nuclear fires. Other stars, at different stages in their lives, show us what happens when the hydrogen in their cores run out.



VARIABLE STARS


As the famous amateur astronomer Leslie Peltier once noted, a variable star is not just a star that’s there, it’s a star that’s “happening.” 1 Of all the wonders that the stars hold, perhaps the most interesting is that some of them change in brightness. We call these stars variable stars. The American Association of Variable Star Observers (AAVSO) collects observations of these stars by amateur astronomers and makes them available to professional astronomers. Delta Cephei is an example: it changes in brightness over a period of five days. It varies because of a change that takes place within the star; as the star expands in size, it fades, and as it contracts, it brightens. Since the star remains bright throughout its cycle, it can be followed each night with the naked eye or with a pair of binoculars. There are other examples of variable stars, from red giant suns that pulsate slowly over periods of many months, to the explosions of novae and supernovae.




PLEIADES-LIKE STAR CLUSTERS, OR OPEN CLUSTERS (DISCUSSED IN CHAPTER 5)

Like people, stars are born into families, but stars’ families are called “clusters” that are open or galactic. We call them “open” because we can see their individual stars or “galactic” because most of them are within our galaxy, rather than orbiting it. Neither open nor galactic really describe these beautiful collections of stars; the famous telescopist John Dobson particularly objects to the term open cluster: “Who opened them?” he asks. “Who has their key?” Whatever we call them, since these Pleiades-like clusters are much closer than the globulars, we see them not as fuzzy spots but as masses of individual stars. If you’ve seen the Pleiades, you’ve seen an open cluster.





NEBULAE: CLOUDS OF DUST AND GAS (DISCUSSED IN CHAPTERS 6 AND 7)


“My God!,” exclaimed William Herschel. “There’s a hole in the sky!” More than two centuries ago, the man who discovered the planet Uranus found a totally new kind of object. Herschel and his son John, who both imagined that these objects could be doorways to the infinity of space beyond, had found nebulae—matter in space that hides the light from stars behind it.

In the mid-nineteenth century John Herschel observed the southern stars from his observing site just south of Table Mountain in the South African city of Cape Town to prepare for his General Catalog of Nebulae. (In 2003 I had the privilege of observing with my own telescope at the spot where Sir John Herschel first opened up the southern sky almost two hundred years earlier.) Thus, Herschel’s holes in the sky were not portals to the great beyond but clouds of gas and dust called nebulae. But because there are no nearby stars to light them, they are dark. They are the same as bright clouds, except that no stars are near them to cause them to glow.




THE GALACTIC CENTER (DISCUSSED IN CHAPTER 8)

I never really appreciated the majesty of our galaxy’s center until I saw it against a black sky at an altitude of 12,500 feet. As I stared upward in disbelief, my first thought was: “I can go home. In this brief minute I have truly seen everything.” Over the next few nights, I learned that although the true center of our galaxy is hidden under masses of dark nebulae, it is surrounded by the magnificent spectacle of the Milky Way’s center, which under a dark Southern Hemisphere sky is really something to behold.

Our galaxy contains some 400 billion suns. It looks like a pinwheel, as several spiral arms uncoil to a distance of over one hundred thousand light-years. Surrounding this galactic disk is a halo that stretches at least the same distance farther out. As far away as the halo is, it still contains the globular clusters, some of which we can see through binoculars from our own backyards. Stretching even farther out, and including the space some small neighboring galaxies occupy, is a thin layer called the corona.




GLOBULAR CLUSTERS (DISCUSSED IN CHAPTER 9)

About one hundred fifty globular star clusters, each containing tens of thousands of stars, lie scattered throughout the sky. Through a small telescope they look like small fuzzy spots, but larger ones resolve the spots into a large number of stars. Globular clusters have been studied almost since the invention of the telescope—in 1665 Abraham Ihle found a large cluster, now called Messier 22, in Sagittarius. More than a century later, William Herschel, in 1786, suggested that these clusters were large groupings of stars. Most of the globular clusters we see are in the Milky Way’s outlying regions. A globular cluster can be a hundred light-years wide. Among the oldest things in the galaxy, the stars of the globular clusters are almost as old as the galaxy itself. Some estimates put them as old as 16 billion years.




GALAXIES (DISCUSSED IN CHAPTERS 10, 11, 12, AND 13)

Our own galaxy is about the same size as the Andromeda Galaxy. As we move ever farther out into space, we find galaxies stretching out without end. The Universe seems to go on and on, and distances seem to get harder to fathom. The farthest thing that we can see in the night sky is the Andromeda Galaxy, whose distance has been pegged at two million light-years away. It is impossible to imagine a number that large. Light travels 186,272 miles every second; that is the equivalent of about seven times around the world each second. At that speed, light takes two million years to reach us from the Andromeda Galaxy; it left when our earliest ancestors were walking about the Earth.

As far away as that galaxy is, it is one of the closest. In chapter 13 we will explore a quasar, the active core of a galaxy 8 billion light-years away, its light made visible only because it is amplified by the gravity of a closer galaxy, a galaxy acting as a cosmic repeater station. We’ve come a long way since the supernova of 1572 focused attention on the distant stars. Now we’re ready to explore by ourselves this marvelous realm above our heads called the deep sky.












CHAPTER 3

AN OBSERVING GUIDE TO THE CATALOG

’Twas noontide of summer,

And midtime of night,

And stars, in their orbits,

Shone pale, through the light

Of the brighter, cold moon,

‘Mid planets her slaves,

Herself in the Heavens,

Her beam on the waves.

I gazed awhile

On her cold smile;

Too cold—too cold for me—

There passed, as a shroud,

A fleecy cloud,

And I turned away to thee,

Proud Evening Star,

In thy glory afar

And dearer thy beam shall be;

For joy to my heart

Is the proud part

Thou bearest in Heaven at night,

And more I admire

Thy distant fire,

Than that colder, lowly light.

—Edgar Allan Poe, “Evening Star,” 1827

To enjoy observing deep sky objects, you should account for the following:



	(1) The sky. Although it is possible to enjoy the Moon and the planets from the light-polluted skies of large cities, deep sky objects can be more finicky. If you observe from a city, you can still delight in all the double stars, variable stars, and clusters of stars that are featured in this book. Only the fainter globular clusters and the galaxies require a dark sky.

	(2) A good telescope. Today there are more telescopes on the market than at any other time in history. A visit to an amateur astronomy club, especially to one of the observing sessions that they sponsor, will go a long way toward helping choose the telescope that best suits your needs.
For the first few weeks with your telescope, concentrate on the objects that you can first see without a telescope, particularly the Moon and the bright planets. This way, you will get more accustomed to your telescope. You might want to adjust the alignment of the finder—you got it close to perfection on the first night, but maybe it could use some “tweaking.” As you get some more experience, you will want to try fainter objects, things that you need a star chart to find. In such cases, find the object first on a star chart. To make the transformation from dots on a printed page to real stars in the sky is a process that takes getting used to. Do it slowly. Find a small group of bright stars on the chart, then find it in the sky, and proceed star by star, from the map to the sky, until you center on the spot in the sky that contains the object you are looking for.

Using the telescope’s finder, center a star that is close to the object, preferably within one degree (or the fingertip from your outstretched hand). Now use the main telescope and the lowest-power eyepiece to move the telescope slowly in the direction of the object you seek. Finding your object might take a few tries, but if it is as close to the star as a fingertip with the naked eye, it should be no more than one or two fields of view away in the telescope.



	(3) Appropriate magnification. High magnification is not always the thing to aim for, and certainly not on the evening of your first look. Generally the highest power most observers use is 60 magnification per inch of the telescope’s mirror diameter; that means that 240 power is the maximum useful power for a 4-inch diameter telescope. The higher the power, the harder it is to find the object you’re seeking or to keep it in the field of view. Moreover, high powers are far more sensitive to conditions in the atmosphere above you. We call this atmospheric effect “seeing.” A very clear night during which the stars are twinkling visibly usually means that high powers will be completely useless, since the object will jiggle or wave like a flag, making it impossible for you to detect any of its details.

	
(4) Averted Vision. Appreciating the fainter objects described in this book takes a little practice. The first time you look at a galaxy, for instance, you may barely see it against the background of sky. But with more experience it will become easier to see. The galaxy seems easier to spot if you look through, as they say, the corner of your eye. Averted vision is the term for this process. Turn your eyes in some other direction, yet still concentrate on the object. Now you’re using the more sensitive “rods” that are not in the center of your eye.






RECORDING YOUR OBSERVATIONS

Keeping an observation diary or log is a valuable way to remember the experiences you have with your telescope. Here, by way of example from my own observing log, is one simple way of recording what you see (a translation appears below it):

1518AN4/July 4, 1966/2145–0435/10/Adirondack Science Camp/Pegasus/Andy Bauman, Steve Ashe/Saturn, Albireo, Mizar. Old Messiers: M31, M32, M13, M4, M92. CN3 2 hours. While comet hunting I came upon M101, a Messier I have not seen before. It took me only ten minutes to check it out and to confirm it. At least now CN3 has done something of technical value for me! CN-1, Aurora-1, V.S. 13 (3 new variables, g Herculis, X Herculis, RR Coronae Borealis.)

Translation:

*1518AN4 is the observing session number in a sequence that began with session 1, which was the partial solar eclipse of October 2, 1959. AN means that the session lasted all night; E would mean a session held in evening hours.

*The session began at 9:45 PM and ended at 4:35 AM.

*10 means that the sky conditions, on a scale of 1–10, were near perfect.

*The session was held at the Adirondack Science Camp, on the Twin Valleys campsite owned by the State University of New York at Plattsburgh.

*The telescope used was Pegasus, my 8-inch f/7 (meaning focal length 56 inches) reflector.

*Two of my closest childhood friends, Steve Ashe and Andy Bauman, were observing with me.

*The objects viewed were Saturn, the double stars Albireo in Cygnus and Mizar in the Big Dipper, and several Messier objects. I spent two hours comet hunting (CN3 is the code name I give to that project.) I also participated in the group comet search CN1, looked for Aurora Borealis, and observed three variable stars for the first time.




OBSERVING THE OBJECTS IN THE CATALOG

Now we are ready to choose our deep sky objects for observing. The following chapters arrange the objects by season, with comments on how easy they should be to observe. The Levy list numbers are based on when I first recorded each object and not on how easy to observe they are. They are not sequential in this list. However, at the end of chapter 14 there is a version of the catalog in order of position, in right ascension, in the sky.

The objects in the catalog are numbered mostly in order of when I first observed them. Why are they not presented in that order in this book?

The catalog is a personal list of objects. To turn it into a book that would be useful, I have selected about a third of the 337 objects and ordered them in chapters that take us out in increasing distance from Earth. Within each chapter the objects are described in the order they were added to the catalog. In most, but not all, cases this order would be chronological. I might have added an object after seeing it (sometimes several times!) in the course of my comet hunting, even though I might have found it deliberately during an earlier observing session. For example, I included M15 on August 23, 1966, when I chanced upon it. However, I first saw the globular in 1964. The full catalog, in its original order, can be found in chapter 14.

Each object begins with some factual information. What does that mean?

Object number in catalog, and name:

To use the first entry as our example, L297 means that it is the 297th object I have cataloged. Please remember that these “Levy” numbers are personal designations (or in the star charts, “L” for “Levy”) that I used when I decided to add a particular object to my list. I do not intend that you should start referring to NGC 1931 as Levy 1. That object is properly known as NGC 1931. Generally, my own “Levy” catalog numbers are in order of when I first saw them, but in some cases, like this one, I added them later. The object’s official names, such as 47 Ursae Majoris, V Hydrae, NGC 6907, or M31, appear next.

What the object is:

This line defines the nature of what we are discussing.

The object’s position in the sky:

An object’s position in the sky is defined by right ascension and declination. Right ascension, denoted by the Greek letter a (alpha), is a projection of longitude into the sky, expressed in hours, minutes, and tenths of a minute. It goes around the sky in twenty-four hours. Declination, expressed by the Greek letter δ (delta), is a projection of latitude into the sky, expressed in degrees and minutes. If objects are north of the celestial equator, they have positive (+) declinations; southern declinations are (-).

Precession:

Because the world has a slow wobble (called precession), an object’s position changes in the sky with time. Astronomers list positions with respect to particular epochs, such as epoch 1950.0 and epoch 2000.0. The positions we use are the standard positions for 2000.0. These positions will probably not be changed in the literature until 2050.

The magnitude scale:

Our system of magnitudes dates back to Hipparchus, the second-century BCE Greek astronomer who divided the stars into six brightness groups. The twenty brightest stars were assigned first magnitude and the faintest stars sixth magnitude. By 1856 Norman Pogson of Radcliffe Observatory quantified these classes; a first magnitude star is one hundred times brighter than the faintest star visible without a telescope on a clear, moonless country night; a second magnitude star is two and a half times fainter than a first magnitude star; a third magnitude star, in turn, is two and a half times fainter again.

Vega, the brightest star in the Summer Triangle, is a zero magnitude star. Pogson defined Polaris, the North Pole star, as being second magnitude. Most of the stars in the Big Dipper are also about second magnitude, and most of the stars in nearby Cassiopeia are a magnitude fainter.

Best seen:

This provides an indication of what season is best for viewing a particular object. If the object is observable under a light-polluted city sky, the words “city sky” are included.


[image: chpt_fig_001.jpg]
David with Miranda, the telescope with which he has discovered seven new comets. The telescope is pointed toward Leo; Jupiter is the brightest object, and the pyramid-shaped Zodiacal light can be faintly seen.
Five-minute exposure by Wendee Wallach-Levy.



Telescopes used:

Finally, each object has some personal description. In this section, I invite you to share my own experiences observing a particular object. In the description I will occasionally refer to telescopes I have used by their names. The ones most frequently used are:





	Echo:
	My first telescope, a 3.5-inch f/11 reflector



	Pegasus:
	8-inch f/7 Cave Optical Co. reflector; discovered one comet



	Minerva:
	6-inch f/4 Optical Craftsman reflector



	Miranda:
	16-inch f/5 home-assembled reflector; discovered seven comets



	Cupid:
	3.5-inch f/11 Questar reflector



	Ophelia:
	8-inch f/1.5 Celestron Schmidt Camera



	Clyde:
	14-inch f/2.2 Celestron Schmidt-Cassegrain used at prime focus







With this information, let us now begin our tour of the night sky.
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