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Introduction


Constellations. Stars. Planets. Nebulas. Satellites.

The universe is full of wonders beyond our imagination. And while much of what’s out there in space can only be seen by powerful telescopes or theorized about by professional astronomers, there are many things you can see in the night sky just by walking out your door and looking up.

In 100 Things to See in the Night Sky you’ll find 100 entries, each telling you about particular objects in the night sky that you can find with either your naked eye, binoculars, or a backyard telescope. Each entry tells you what type of heavenly object you are looking for (planet, star, etc.), how hard it is to find, what the item looks like and its mythology, and where and when to look for it. You’ll also find a variety of star maps scattered throughout the entries that will show you exactly where to look when you turn your eyes toward the stars.

The tips, techniques, and informative bits that you’ll find in the book are the same ones that I used when I first started heading outside every clear night to let the sky become my classroom. They’re the same tips that turned me into a starstruck astronomer. Hopefully they’ll do the same for you, and help you fall in love with the heavens!

But what exactly will you find in this book? Well, first you’ll learn how to safely observe the Sun, take in sunsets and sunrises, chart the seasons, and observe sunspots. Then you’ll explore the phases and features of the Moon and uncover the hidden secrets of the five planets closest to Earth: elusive Mercury, dazzling Venus, ruby-red Mars, giant Jupiter, and spectacular Saturn.

Then you will delve into the heart of the book and study the art of stargazing. You will learn how to identify major stars and constellations throughout every season of the year. From beginner star patterns like the Big Dipper and Orion’s Belt to more challenging constellations like Delphinus, the Dolphin, and Aries, the Ram, you will soon be able to recognize dozens of stars in the night sky and retell their ancient mythological stories.

Finally, you’ll discover the tricks to observing man-made satellites and supreme heavenly shows such as meteor showers and eclipses.

And, in case you’re not sure exactly what you need to do, you’ll find a chapter packed with information on ideal stargazing locations and sky conditions, what type of equipment you need (in some instances, you just need to use your two eyes and bare hands), the best time to stargaze, and more. So, whether you’re looking to learn about the night sky on your own or are looking to get your kids excited about what lies in the skies above, this book is for you. I challenge you to go outside and find every one of the night sky objects detailed here. When you do that, you may be converted to the stars like me, and you may find that you’re an astronomer too!



How to Use This Book


The universe is yours to behold and this book can be your beginner’s guide. It will focus on 100 of the most amazing astronomical objects that you can see in the night sky. You’ll find basic information and tips to locate each individual object, often with the help of accompanying charts and graphics. But some general rules and guidelines are necessary to start properly. Let’s talk about viewing locations, sections of the sky, various viewing conditions, and any equipment you may have or want to get.

Location, Location, Location

This book is intended mainly for viewing audiences in the mainland United States, southern Canada, northern Mexico, Europe, North Africa, and most of Asia. It is designed to help you view the night sky from the mid-northern latitudes, which means that if you’re living or traveling between 25 and 55 degrees north latitude, this is the book for you. Your perspective on the heavens does not change much when you travel east to west, but it does change when you trek north or south. There will be some useful information in this book no matter where you live, but my observing tips and star charts are mainly geared for stargazers living in the mid-northern latitudes.

Break Up the Sky

That said, no matter where you are on Earth, if you stargaze long enough you will notice that the stars, constellations, planets, and the Sun and Moon slowly move across the sky. Hour by hour, minute by minute, they shift as one body. Ancient astronomers pictured the dome of heaven circling around an unmoving Earth. It was as if the gods were manipulating a great wheel behind the scenes that made everything rise and set and circumnavigate the globe once a day.

For beginning stargazers to really experience this motion it helps to break up the sky by the four cardinal directions: north, south, east, and west. When you face north and watch the stars, you will see that they behave quite differently than when you face any other direction. Take some time to sit outside under the stars and note the positions of several bright stars all around you and place them in reference to landmarks like houses, trees, and mountains. If you live in mid-northern latitudes (between 25 and 55 degrees north latitude), on every night of the year this is what you will notice:

• North: When you face north, the stars will seem to move in a counterclockwise circle around Polaris, a.k.a. the North Star. You can see star patterns like the Big Dipper and the W-shaped Cassiopeia arcing around the North Star. Many of the stars nearest to the North Star and the constellations in the northern sky never rise or set but endlessly seem to circle. Astronomers call these circumpolar stars.

• West: When you face west, the motion seems quite different. Stars, planets, the Moon, and the Sun appear to move diagonally down and to the right until they set below the horizon.

• East: When you face east everything rises and travels diagonally up and to the right.

• South: When you turn south, the celestial objects move from left to right and almost crawl across the southern horizon.

Knowing how things move in each direction will help you know what stars and constellations are coming next and which objects might be setting soon.

Note: if you are in the Southern Hemisphere, your motions seem different. Objects still rise in the east and set in the west, but they travel up and to the left and down and to the left respectively. Objects in the northern sky move right to left, and the stars in the southern sky completely circle the pole in a clockwise direction. No matter where you live, all of these apparent motions are caused by one thing: the daily rotation of the Earth.

Prime-Time Stargazing

You probably won’t be surprised to hear that more people watch the stars during the prime-time hours (around 8 or 9 p.m.) than any other time of day. The observing suggestions throughout the book for both the stars and constellations usually reflect this timing. So, for example, when I describe a group of stars as winter constellations or summer constellations, I mean that they are observable during the evenings of their respective seasons. That said, please note that seasonal stars can be seen in other months, but at different times of night. For example, you can see Orion in the winter evenings, but you can also find him gracing the sky on summer mornings just before dawn.

Sky Conditions

Obviously if you’re going to head outside to stargaze, you’ll want to pay attention to what’s going on in the sky. The first thing you need to know is that clouds are the bane of the astronomer’s existence. Avoid them at all costs. Whether you’re viewing with your naked eye, telescope, or binoculars, you will need clear skies to see the maximum number of stars.

You also need to take light pollution into consideration. As cities grow larger so do their domes of light. The more light that we shine upward, the less light that the stars shine down. From urban locations you can sometimes barely make out the brightest twenty to thirty stars in the sky, called the first magnitude stars. But the farther you travel away from light pollution the more stars you can see. In the suburbs you may see second, third, and fourth magnitude stars, which include the brightest 700 stars in the sky. In a truly dark sky you can see the fifth and even sixth magnitude stars to behold up to 6,000 stars. So in the countryside, you can sometimes observe stars with the naked eye that are 100 times fainter than the stars people see in large cities. Additionally, from a dark sky you can see the Milky Way and even a few other deep sky objects that are between 1,000 and 2.5 million light years away.

Most of the objects described in this book are first or second magnitude objects and are easily visible from light-polluted or semi-light-polluted skies. Throughout the book, you’ll find info on how easy (or not-so-easy) it is to see these night sky objects. The first and second magnitude objects are labeled as Easy; third and fourth magnitude objects are labeled as Moderate; and anything that’s harder to see than that is labeled Difficult. Such Difficult objects include the Hercules Cluster and the Andromeda Galaxy. Hopefully these designations will spur you to seek out the darkest locations so that you can see a sky full of stars.

The Moon itself can actually negatively affect your stargazing. While a big, beautiful Full Moon may add to the romance of an evening, it also puts out a lot of light. This added moonlight can wash out the fainter light of the stars and limit the number of objects you can detect. For the optimal stargazing experience, plan your observations around the New Moon and crescent phases.

Equipment

When you are trying to find faint objects in the sky with the naked eye, it may take you a while to see them. Even if you are away from light pollution and clouds, there is no Moon in the sky, and you have ideal viewing conditions, you still might have trouble finding some of these naked-eye objects. Do not be deterred. The objects are still there and can usually be seen without any additional equipment. However, if you’re struggling to find them then using a pair of binoculars or peering through a telescope can help you enhance the experience.

You see, the more light you can gather, the more you can magnify an image and the more details you can see. And that is precisely what binoculars and telescopes do. With the exception of viewing the Sun, if you have binoculars or a telescope try pointing them at every object in this book for easier viewing. (Note: in this book I will tell you how to safely view the Sun.)

Use Your Hands to Find Your Angles

Amateur astronomers break up the sky into degrees and use them to determine how high an object is in the sky or the angular separation between two objects (how far apart they seem in the sky). In order to help you locate objects, you’ll find references to degrees in the entries throughout the book. Conveniently, you have the built-in tools you need to measure angles yourself. Simply picture the sky as a dome or hemisphere. This gives you 180 degrees of sky to work with—from horizon to horizon. If an object is straight overhead (the zenith), it is 90 degrees above the horizon. A star halfway up the sky is therefore at 45 degrees. A star that is one third of the way above the ground is at about 30 degrees.

To make finer angular measurements, you can use your hand at arm’s length. If you extend your arm and make a fist, that fist will cover approximately 10 degrees of the sky. If you open your hand and spread out your fingers, the space between the end of your thumb and the tip of your pinkie will measure about 25 degrees. The width of your pinkie at arm’s length is only 1–2 degrees. These measurements are not perfect, but making rough estimates like these can help you hop from a constellation you know to one you want to find. This method can also help you locate fainter stars that may be near brighter ones.
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Patience and Practice


The best teacher of astronomy is the sky itself. Get outside every clear night and watch and learn. If you do this regularly, after less than one month the sky above will all start to make sense. You’ll not only come to know the major stars and constellations, the planets, Moon, and Sun but will develop an appreciation for the heavens above. Let’s get started!
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How do you get started studying the universe? I recommend doing what the ancients did: observe the brightest things first. In this part of the book, we will explore the brightest, most noticeable objects in the day and night sky.

This part starts off with the Sun. I know it may seem funny to begin talking about the brightest thing in the daytime sky, but there are so many cool aspects of the Sun that you should check out more closely. Observing the daily motion of the Sun taught our ancestors about time. Monitoring its changing path from month to month taught them the seasons. And now modern astronomers can peer deeply through the sunlight and tell us how hot the Sun is, how far away it is, and what it is made of.

Here you’ll also learn about the Moon, the second brightest object in the sky. Then we will fly to the five planets that are visible to the naked eye: Mercury, Venus, Mars, Jupiter, and Saturn. Venus shines in as the third brightest celestial object, with Jupiter and Mars coming in at numbers four and five, respectively. Although there are several stars that can be brighter than Mercury and Saturn, these planets make such an interesting sight—much different than stars around them.

So let’s get started and take a look at the objects detailed in this section. Each of them—the Sun, Moon, and the five naked-eye planets—are all so bright and so stunning that they will be difficult to miss.



THE SUN


What Is It?

Our closest star

Difficulty Level

Easy

Description

The Sun is our nearest star (about 93 million miles from Earth) and is the major source of light and heat for all the planets, moons, and asteroids in the solar system. At roughly 865,000 miles wide, the Sun is about 1,300,000 times larger than Earth. It is so massive that it holds all of the planets in steady orbits.

Sun Safety

Whenever you view the Sun, think before you look. Do not look at the Sun for more than a moment unless you are 100 percent sure you are using safe and proven viewing methods. Never use common homemade filters including CDs, smoked glass, exposed film, X-ray transparencies, Pop-Tarts wrappers, or Mylar balloons. Your vision can be permanently damaged with even short periods of direct exposure to sunlight.

The best way to directly observe the Sun safely with the naked eye is by looking through either a sheet of #14 welder’s glass or specially made eclipse shades. You can get #14 welder’s glass at welding supply stores, and several companies sell effective eclipse shades online. Costing between $1 and $5 these items will allow you to observe the Sun’s disc, partial eclipses, and maybe even a large sunspot. If you use the welder’s glass, be sure to use only #14. That is the only shade dark enough to protect your eyesight—anything less is unsafe.

You’ll notice that the Sun seems surprisingly small in the sky when you examine it by looking through the glass or the glasses. The Sun is humongous, but after you block out most of the surrounding glare, it looks like a tiny circle of light. After all, you are looking at the Sun from 93 million miles away! It’s not exactly close to you.

You can also take pictures of the Sun through a sheet of welder’s glass or through eclipse glasses. Place the welder’s glass or eclipse glasses in front of a camera, aim it at the Sun, and then review the image on your screen. Center it, adjust the contrast, and snap away. You’ll have pictures of the Sun! The welder’s glass or eclipse glasses act like a filter that will reduce the glare and will protect your camera in the same way it protects your eye.

See Features on the Sun

Now that you have your safe solar-viewing glasses, what can you see? To the naked eye, on a normal day, you can’t make out a lot of detail on the Sun. But sometimes you can pick out larger sunspots or, on very rare occasions, a solar eclipse.

Sunspots are darker, cooler regions on the Sun where magnetic disturbances cause stellar material to erupt from the surface. Through safe glasses, they look like tiny black blemishes on the glowing disc of the Sun. Only large sunspots can be detected with the naked eye, and finding them can be a test of your eyesight. They are more frequent during solar maximum, which is a varied period of time that occurs about every eleven years, when solar activity ramps up. But sunspots can pop up at any time, so it is always worth taking a look. If you are lucky enough to see a sunspot with the naked eye, remember that the spot is larger than Earth!

The best time to observe the Sun is during a solar eclipse. The most common eclipse is a partial solar eclipse, which is when the Moon covers only a portion of the solar disc. It looks like someone took a bite out of the Sun. Although solar eclipses occur about twice a year, they are localized events, which means each eclipse is visible only from certain areas on the globe. For any one location, you may see a solar eclipse about once every 3 to 6 years.

The best upcoming solar eclipses that will be visible from most parts of the United States will occur on October 14, 2023, April 8, 2024, and January 14, 2029. Use your eclipse shades to get a safe view of these cool alignments of Sun, Moon, and Earth and admire the fact that astronomers, after watching the heavens for centuries, can now predict them well in advance!

See Several Sunsets and Sunrises

Even though you experience one sunset and one sunrise every day, you may not have considered the complex series of steps that happen during these events. To start, you want to look for several subtle changes around the sky in addition to the Sun. For a sunrise, simply get up while it is still dark and then watch as the sky slowly brightens. While the Sun is almost ready to rise in the east, look behind you to the west. You will see a slightly darker piece of sky just above the horizon. That is Earth’s shadow. When you look back to the east again you will notice every layer of the atmosphere igniting in different warm tones. The rising but still unseen Sun turns the atmosphere closest to the horizon from deep blue to ruby red in a matter of minutes. The wind may change as the temperature rises in anticipation of the rising Sun. And then, if you have a clear view to the horizon, you will see the top of the Sun peek up above it. It will take a few minutes for the Sun to fully clear itself from the horizon, but when it does then day has broken.

Experiencing a sunset is just as powerful (and you don’t have to get up extra early). The play of light and darkness is reversed as you face west to see the Sun slowly set. The sky gradually turns from light to dark through every color in the rainbow. Just before sunset, turn around and face east to see the shadow of the Earth cast on the lower reaches of the atmosphere. Then face west again and bask in the final rays of sunlight as the Sun dips below the distant horizon. Night has fallen.

Sense the Seasons

You may have heard that “the Sun rises in the east and sets in the west.” Well, that’s mostly accurate. If you watch several sunrises or sunsets over the course of a few months, you will notice that the Sun does not always rise or set in the same place. And you may have seen that the Sun is much higher in the sky during the summer months than it is in the winter. Observing these changes in the position of the Sun is one of the oldest astronomical practices and can be done very easily with the naked eye.

In the following diagram you can see how the Sun moves across the sky in different seasons from any location in the mid-northern latitudes. On the winter solstice (the bottom line on the diagram) the Sun rises south of east, cuts low across the southern sky, and then sets south of west. Three months later, on the spring equinox (the middle line of the diagram), the Sun rises due east, reaches a higher altitude in the south, and sets due west. Notice that the lengths of the Sun’s arcs are different—in spring the Sun rides higher in the sky and stays visible for a much longer period of time than it does in the winter. On the summer solstice (the top line of the diagram) the Sun rises north of east, travels extremely high in the southern sky, and then sets north of west. This is called the longest day because you experience the most minutes of daylight and the least amount of darkness for the year.

Sketch what you see along the horizon; note and date the changes throughout the year. You will quickly learn that we need to modify the rule to instead read, “The Sun rises east-ish and sets west-ish.”
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THE MOON


What Is It?

Earth’s natural satellite

Difficulty Level

Easy

Description

For thousands of years our ancestors have gazed up at the silvery glow of the Moon and tried to make sense of its rhythm and aura. What are the dark and light portions of the Moon? What’s a Harvest Moon? And why does the Moon change shape and size? Memorialized in literature, song, and dance since the dawn of time, the Moon tugs at our romantic nature and inspires our soul.

The Moon is our closest neighbor in space: a ball of rock 2,159 miles in diameter that circles Earth from a distance of about 240,000 miles. It is the easiest and most dynamic object in the sky to view with the naked eye. Not only can you observe the Moon in the night sky during parts of each month, you can often catch sight of it during the daytime. It changes positions from night to night and rises and sets in different places regularly. And for a few days each month, you can’t see it at all.

Observe the Phases of the Moon

You’ve noticed that the Moon doesn’t look the same every time you look up into the night sky. Each night, it goes through a different phase. The chart that follows illustrate these phases. So what causes all these shapes? The answer is light! The Moon generates no light of its own—it shines with reflected sunlight. Light travels 93 million miles from the Sun, bounces off the surface of the Moon, and then travels another 240,000 miles to reach your eyes. The phase you see depends on where the Moon is in its orbit around Earth. When the Moon is between the Sun and Earth the only half of the Moon that is lit faces the Sun. This is the New Moon phase, and from Earth the Moon appears completely dark. When the Sun, Moon, and Earth form a right angle, you will see only half of the Moon lit (that happens at First and Last Quarter). And when the Moon is on the opposite side of Earth with respect to the Sun, you will see the entire Moon illuminated. That’s a Full Moon.
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It takes the Moon about 29.5 days to go through its entire cycle of phases, and so every night the Moon’s phase changes slightly as different parts of the lunar surface are lit by the Sun, while others plunge into shadow.

Some people incorrectly believe that the phases of the Moon are caused by Earth casting a shadow on it. That makes sense when you see a crescent moon, but how can a round Earth create a straight-line shadow like with a First Quarter Moon, or the curve on a gibbous moon? Earth can’t make those phases of the Moon that you can see all month.

Observe the Moon every clear night during a month and check out not only how the phase changes but how its location in the sky and time that it is visible changes. Remember, to complete its orbit, each night the Moon moves about one twenty-ninth the way around Earth. So it will appear to shift farther to the east 12–14 degrees from night to night. Although that’s just a little larger than the width of your fist at arm’s length, the shift is fast (astronomically speaking). This motion of the Moon around Earth also causes the Moon to rise about 50 minutes later each night. That time varies depending on the season and the phase of the Moon, but test it out. Make a Moon journal and sketch the position of the Moon every day at the same time. Soon you may be able to predict where and when the Moon will travel in the future.

Drink in Some Earthshine

Have you ever looked at a crescent Moon and noticed that the dark part of the Moon looks like a faintly glowing, gray ball? This effect is caused by earthshine, where the light of the Sun shines on the Earth and reflects up on the Moon. Earthshine brightens the Moon enough so that you can see all of it against the darkness of the sky. Look for this effect during either a waxing crescent Moon (visible just after sunset) or a waning crescent Moon (visible just before sunrise).

Experience the Moon Illusion

Have you noticed that the Moon looks bigger when it is near the horizon? Well, although the Moon appears larger near the horizon it really isn’t. This effect is called the Moon illusion and scientists have debated about it for years. Astronomers first thought that the Moon appeared larger on the horizon because we have reference points like trees and buildings. But now they believe that the Moon illusion is caused by how we perceive the sky. We picture space on the horizon to be farther from us than overhead. Since the Moon is actually the same size, the “farther” Moon becomes larger in our minds. The illusion takes place in our brains. You can combat the Moon illusion by looking at it upside down, between your legs. For some reason the Moon will look normal-sized. Try it. It really works.

Whenever you see the Moon low on the horizon, you can measure its apparent size in the sky. Just hold a hole-punched index card at arm’s length. The Moon should be about the same size as the hole. Later at night measure the Moon again when it’s higher in the sky. It will still be the same size as the hole!

See a Supermoon!

The Moon’s orbit around Earth is not a perfect circle. It travels in a slightly stretched oval shape, called an ellipse. This elliptical path means the Moon changes its distance from the Earth. When the Moon is slightly closer to Earth, it can appear slightly larger in the sky. The closest Full Moon in a calendar year is known as a Supermoon. A naked-eye observer can’t differentiate the Moon’s apparent size from night to night. However, when one compares a Supermoon to the farthest Full Moon, a so-called Puny Moon, the variance is dramatic. The Supermoon is more than 31,000 miles closer to Earth, and consequently it appears 14 percent larger in diameter with a 30 percent larger surface area than the Puny Moon. That is like comparing a 16-inch pizza to a 14-inch pizza, or the size of a quarter to a nickel.

In the second century B.C. the Greek astronomer Hipparchus noticed this changing Moon size with his naked eye. He constructed a device called a diopter, a two-meter long stick with a sighting circle on the far end that could help him measure very small angles in the sky. After utilizing the diopter through several lunar cycles, Hipparchus discovered that the Moon’s angular size (how large it appears to be in the sky) changed. Any time you observe a Full Moon, see if you can tell the difference between a Supermoon and a Puny Moon.

Sailing the Seas and Scaling the Highlands on the Moon

There are two main terrains on the Moon that you can see with the naked eye: the brighter areas are called the highlands, and the darker areas are called the seas, or maria. The highlands are older structures and include many mountain peaks and a large number of craters. But your eye will also be drawn to the darker seas that cover 30 percent of the lunar surface.

When you observe a Full Moon, notice that the seas are mostly circular in shape. Each sea is really the remnant of a gigantic crater. Eons ago, the Moon was hit so hard by comets and meteors that it literally cracked. Over time, magma seeped out of these cracks and filled in the craters to form the seas. Some of these seas bear features that have given rise to their peaceful names, like the Sea of Serenity and Sea of Nectar. Others have more ominous titles, such as the Sea of Crises and Sea of Rains. The most famous lunar sea is the Sea of Tranquility. Neil Armstrong and Buzz Aldrin planted the first human footprints there on July 20, 1969.

The outlines of the highlands and the seas can often spark your imagination, and if you look long enough you may start to see shapes and patterns in these splotches on the face of the Moon. And maybe you will imagine an actual face on the face of the Moon. At certain Moon phases the play of light and shadow on the lunar surface may inspire you to see the “Man in the Moon.” This configuration of seas and highlands gives many people the impression of seeing a human face. With a little more imagination you can connect the seas in such a way as to form a rabbit with two long ears and a fluffy tail. Or maybe it will look like a man carrying a bucket of water or perhaps a lady wearing a necklace. When you gaze at the Moon, let your imagination run wild.

Observing the Moon with Binoculars and Telescopes

With a little magnification you can start to see more details and features on the Moon. Even a simple pair of binoculars can provide an amazing view of the lunar surface. Most binoculars can be attached to a tripod with the aid of a simple adapter. If you can mount your binoculars on a steady tripod, you can watch the Moon for hours.

Round craters, high mountains, and deep valleys are all on display whenever you look at the Moon through a small telescope. Observing the Moon through a telescope is best done during the crescent, quarter, or gibbous phases. You’ll want to focus your attention on the dividing line between the light and dark portions of the Moon. This line is called the terminator and that is where you will want to look to see the most dramatic plays of light and shadow on the uneven lunar landscape. The Moon’s surface may look totally fake—like it is a bad movie set or made of clay. But that is the real Moon, up close and personal.

The Naked-Eye Planets

The ancients had a much different idea about the planets than we do today. They could not picture them as round rocky or gaseous objects that circle the Sun. They were not worlds or places that could be visited. They were simply unique pinpoints of light that shone from an unfathomable distance. Or else they were gods. Without a telescope, there was no way for an ancient astronomer to get a closer look at the planets, but there was one characteristic that made the planets totally fascinating: they wandered.
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