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The sky is open to everyone, so close to home yet far away in space and time. The simple act of looking up lets us explore the furthest reaches of the imagination while taking time for peaceful contemplation. Photo credit: Bob King


INTRODUCTION

I like to think of the sky as beginning at our feet. It’s all up from there. Our heads are literally in the sky; sunshine and moonlight stream from above and we feel pleasure looking up at the night’s twinkling lights. Such a curious thing, the sky; it fires up both halves of the brain—an emotional reaction to the beauty of the stars coupled with a craving for more knowledge about them.

The night sky appeals to our philosophical side as well. Who hasn’t looked up into the depth of night and wondered whether we’re alone in this universe or have company? When out stargazing with friends or students, I’m often asked whether I think there’s life up there. While we may never know the answer in our lifetimes, I’m a firm believer that, yes, there probably is, even if that life more resembles the common cold virus than a species zipping around with laser-powered jet packs.

Sheer, vast wilderness. It’s what makes the night sky so lovely, so inviting. All that space is big enough to entertain any thought, inspire an idea or heal a soul battered by personal crisis. More than ever, we need respite and reflection in these distracted times. Why not let in the night?

While I’ve ardently explored the heavens with many different telescopes since age 11, every night I’m out, part of the time is spent just looking up. Not thinking. Silently absorbing. Quiet necessarily rests and refreshes the mind. Gazing at the stars on a truly dark night stirs the imagination and helps us to realize our place in a universe vast beyond comprehension.

Over the course of this book, I hope to introduce you to some of the many wonderful things you can see in the night sky with nothing more than your eyes. No telescope or binoculars required, though if you have them, by all means, use them! We’ll explore the stars and the constellations they inhabit, the winding ways of the planets, the many faces of the moon, meteor showers, the aurora borealis, satellites and a galaxy beyond the Milky Way. Like knowing the background story to a favorite song, a little knowledge of the heavens enhances the enjoyment of the experience. Each fleck of light represents a real place—a planet where it snows ammonia or a star that’s 100 times bigger than the sun.

We’ll start in our own backyard by learning to track bright satellites, then look at basic equipment needs—red flashlight, star maps and star-finding phone apps—before shoving off into the cosmic ocean. Along the way, I hope to answer some common questions: “How do I find the planets?” “Where can I see the northern lights?” “Why isn’t Orion out in the summer?”

While this book is intended for beginning skywatchers, I’ve included interesting challenges for every level of skill. I guarantee you’ll never run out of material to observe and enjoy. After all, we are talking about the entire universe at your doorstep. Allow me to be your guide. While you might get cold, pestered by mosquitoes or clouded out—the hobby’s most infamous bugaboos—you’re in for adventure, revelation and a renewed sense of wonder at the world.


CHAPTER ONE

WAVE “HI!” TO THE ASTRONAUTS

Curious about what’s flying overhead at night? Learn when and where to see the International Space Station, Iridiums and other bright satellites. We explore the role of Earth’s shadow in satellite visibility and discover the surprising reason why astronauts float in space.


ACTIVITIES

•  Go out on the next clear night and look for Earth’s shadow (here).

•  Find the compass directions at night no matter where you are (here).

•  Use online resources and phone apps to find out when the space station will pass over your house (here).

•  Catch an Iridium flare (here).

•  Use your camera to take a photo of the space station (here).



Has this happened to you? You step outside on a summer night to soak in the beauty of the stars, and out of the corner of your eye, one of them takes off across the sky as if unpinned from the firmament. Chances are you’re not looking at a star at all, but something much closer to home fashioned out of aluminum, titanium and carbon fiber. An artificial satellite.

Satellites come into view when the sun is below the horizon for an observer on the ground—ordinarily at dusk or dawn—but still shines high overhead where the satellite orbits. Evening and morning twilight are the best times for satellite-watching, especially during the summer months, when twilights last half the night. Since satellites orbit 100 or more miles (161 km) high, they’re able to “poke their heads” into the sunshine the same way a mountain peak catches sunlight long after the sun has set in the valley below. Seen against the darkening sky, a sunlit satellite looks like a bright, moving star.

Satellites orbit dozens of times higher than Mt. Everest (generally between 250 and 500 miles [400 and 800 km]) and remain in sunlight for a couple of hours after sunset and before sunrise. The International Space Station and most science satellites operate in low Earth orbit (or LEO) between 112 and 1,242 miles (180 and 2,000 km) high. Navigation satellites, like the familiar GPS network our smartphones use to help us find a destination, orbit between 1,250 and 22,232 miles (2,000 and 35,780 km). Weather satellites eye the globe from high Earth orbit at 22,232 miles (35,780 km) and beam down the images we see on the nightly TV weather.
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We see satellites by reflected sunlight. Many are visible for a couple hours after sunset and before sunrise when they remain in sunlight for a time, while it’s dark for an observer on the ground. Eventually, the satellite gets eclipsed by Earth’s shadow and disappears from view. Photo credit: Gary Meader

The reason we see far more during twilight instead of late at night has to do with Earth’s shadow. On a sunny day, trees and buildings cast shadows on the ground, and so does the entire planet. Earth’s shadow projects up through the atmosphere and into outer space. While you and I find ourselves in Earth’s shadow immediately after sunset, satellites, at their much higher altitude, escape it for a time until they’re eclipsed from view as shown in the diagram.
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Earth’s shadow looks like a murky, purple-gray band rising in the eastern sky for a short time after sunset. It appears again in the western sky shortly before sunrise. The shadow is often fringed by a lovely pink band called the Belt of Venus, caused by sunset light scattered back to our eyes by dust particles high in the atmosphere. Photo credit: Bob King


ACTIVITY: Amazingly, you can see Earth’s shadow any clear evening or morning. Face east starting about 10 minutes after sunset (or west about 30 minutes before sunrise) and look for a purplish-gray band with a fuzzy edge all along the horizon directly opposite the sun. A delicate rosy glow called the Belt of Venus caps the shadow along its length. Although we might never know who first coined the term, it likely refers to the alluring, magical band worn by that famous Roman goddess. Also known as the anti-twilight arch, it’s formed when reddened sunlight is scattered back to our eyes by air higher up in the atmosphere still illuminated by the sun.



During twilight, the sun has set for observers on the ground and Earth’s shadow hovers low in the eastern sky. But as night progresses, the shadow looms higher and higher, covering more and more sky. One by one, depending on their altitude, satellites are eclipsed from view the same way you’d walk from sunlight into the shadow of a building.

At dawn, favorable conditions return as the shadow lumbers off toward the western horizon. Summer months are better than winter for satellite viewing; not only are twilights longer, but because of a favorable sun angle (the sun never gets very far below the northern horizon even at midnight), part of the sky remains shadow-free all night. Winter’s just the opposite. The sun is so far below the horizon that the shadow Earth casts covers virtually the entire sky for much of the night.

Sometimes a satellite will begin its flight in sunlight and then enter Earth’s shadow partway through a pass. I think you can guess what happens next. Cut off from sunlight, the satellite quickly fades from view in mid-flight. You’re most likely to notice this with the space station because it’s bright to begin with, making its disappearance that much more dramatic.
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Like a seesaw, as the sun sets, Earth’s shadow rises. Until the shadow completely covers the sky at night, many satellites in low Earth orbit (LEO) still catch sunlight at their high altitudes and track across the sky to the delight of skywatchers. Photo credit: Bob King
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The International Space Station (ISS) is the biggest and brightest satellite in the sky. Because it follows a steeply-inclined orbit, the station is visible everywhere except from far north and far south latitudes. Photo credit: NASA

Speaking of which, you’re probably curious about what’s flying over your head tonight. The brightest and easiest satellite by far is the International Space Station (ISS), which orbits the Earth once every 92 minutes. Knowing when and where to look and then seeing it arrive exactly on time over your house remains one of the greatest skywatching thrills.

During a typical pass, the station glares as brightly as the planet Jupiter and at times even rivals the brilliance of Venus. That shiny brightness makes it look huge to the eye through an effect called irradiation, where light from a bright source seen against a dark background spreads out on our retinas. We can’t see the true shape or size of the ISS except through powerful binoculars or a small telescope. Although satellites range in size from a small loaf of bread to the football field-long space station, all appear star-like to the eye because they’re hundreds of miles away.


ACTIVITY: Ready to find the station? First off, you need to know your directions, and don’t worry if you lack a compass. Just face in the general direction of sunset—that’s west. Now stick out your right arm. That’s north. Your left arm points south and your back faces east. If you’re in an unfamiliar place and unsure of the sunset direction, launch the compass app on your mobile phone. For an iPhone, tap the compass icon in the Utilities folder. Android users can download a free compass app (here).

No phone? No worries. The Big Dipper has your back.

Look around the sky to find the Dipper’s familiar bucket-and-handle shape, then draw a line through the two stars at the end of bucket and extend it out about 5 times, and you’ll arrive at Polaris, the North Star. Polaris looks just like a Dipper star and is located nearly due north. Face Polaris and south will be at your back, west to your left and east to your right. See the diagram here for more details.

Next, you’ll need the station’s arrival time and flight path. There are lots of ways to find this information. You can jump online to Spot the Station (spotthestation.nasa.gov) or Spaceweather (spaceweather.com/flybys/), key in your location and get a table of dates, rise and transit times (when the ISS is highest), magnitudes (brightness) and where to look.

Prefer a more visual approach? Go to Heavens Above (www.heavens-above.com), log in and select your city from a list or map. Under the Satellites heading, choose ISS and you’ll be directed to a 10-day table of visibility times. Notice that the times are given on the 24-hour clock where 6 a.m. is 6:00 and 6 p.m. is 18:00. The site provides the same basic information as Spaceweather and others—brightness, start direction, highest point and end direction—plus a map!

The map shows the satellite’s path with time ticks along its length, letting you see at a glance the time and direction of travel. Because the map is a two dimensional representation of the domed sky above, map center is the overhead point or zenith. North’s at top, south at bottom, west to the right and east to the left.

Many tracking sites pinpoint a satellite’s location using altitute (alt), its height above the horizon, and azimuth (az) or compass direction. Altitude is measured in degrees with the horizon at 0° and the overhead point at 90°. Azimuth goes clockwise around the horizon starting at 0° (or 360°) for north. East is 90°, south is 180° and west is 270°.

If you have a mobile phone, you can skip checking the website and instead download a free ISS app, several of which are listed at the end of this chapter (here). Once you activate the app and it locks onto your location, you’ll get daily predictions and paths at the touch of a button. In-app options, available for a small fee, let you track the Hubble Space Telescope, China’s Tiangong Space Station, current comets and more. We do live in wonderful times.
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This example from the Heavens Above website shows an ISS pass as viewed from Chicago, Illinois, on February 3, 2016. Where the track ends, the satellite disappears into Earth’s shadow. Shortly before and during the transition, you can watch the station turn sunset red in a pair of binoculars. Photo credit: Chris Peat / Heavens Above

Assuming the ISS will be passing over your neighborhood tonight, let’s head outside. Give yourself a few minutes beforehand to get oriented and allow your eyes to get used to the dark. Now for the fun part—watching the astronaut crew fly overhead, bundled inside a brilliant, pale yellow “star.” I’m always amazed at the station’s precise timing. You expect it at 8:02 p.m. and sure enough, a bright, moving “star” appears in the northwestern sky at the appointed minute. It may be science, but it sure feels like magic.

During a typical pass the ISS makes its first appearance low in the western sky, tracks across the northern or southern sky and then drops off into the east. Whether you live in the suburbs, a small city or the countryside, you’ll have no problem seeing the station because it shines so brightly. And unlike an airplane, its light stays steady, neither blinking nor flashing.

Planes have red and green wing lights that flash at regular intervals, while the ISS and most other satellites shine with a steady light like an ordinary star. Occasionally, an inoperable satellite or the rocket stage used to launch it into orbit tumbles out of control, directing random flashes of sunlight toward the ground as it spins. But the rhythm’s all wrong and the glints are white, so it’s easy to tell the two apart after a few moments’ observation. Likewise for meteors, which streak by in a flash and disappear.

As the station flies over, study its color. Most satellites are colorless, but the ISS has eight large solar arrays made with a gold-colored material called kapton, lending it a pale yellow hue. Every so often, sunlight will reflect off the solar panels in your direction and cause the ISS to temporarily flare in brightness. Keep an eye out for these welcome surprises.

The ISS travels slowly and shines modestly when it first crests the western horizon because it’s still far off in the distance, but by the time it’s nearly overhead, only 250 miles (400 km) separate you and the astronauts on board. Not only does the craft shine brightest then, but it will appear to move fastest, comparable to an airplane. Don’t forget to wave “Hi!” as the human crew zooms by at more than 17,000 miles (27,360 km) an hour. Funny, that’s probably as close as most of us ever come to meeting an astronaut.
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You can capture sunset on the space station as it moves into Earth’s shadow with your camera. This photo was made when the ISS encountered the shadow not far from the little constellation Corona Borealis, the Northern Crown. Photo credit: Bob King
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The cargo ship, ATV-5, trails the International Space Station on August 8, 2014. When a cargo vessel is launched to the space station, you can watch it catch up to its target in a delightful game of orbital “cat and mouse.” Photo credit: Stefan Biereigel

Assuming the ISS is visible at dusk or dawn, you’ll see one to two passes spaced an hour and a half apart. One of them is usually cut short when the station gets eclipsed by Earth’s shadow. From the point of view of the astronauts, the sun is setting. Just like sunsets on the ground, where the landscape glows in reds and oranges, the space station takes on sunset colors. I’ve tried without success to see these color changes with the naked eye, but it’s surprisingly easy in binoculars. Give it a try.

Every few months, the Russian Soyuz (means “Union”) spacecraft ferries astronauts and cosmonauts to and from the space station. In the future, private launch facilities in the U.S. will contract with NASA to deliver crews. Cargo ships also routinely dock with the station to deliver food, fuel, parts and more. Their comings and goings make for great observational fun. On approach, a cargo ship will inch closer and closer to the ISS during repeated orbits until the two pass over your head in tandem, like a classic game of cat and mouse.

After spying your first few ISS passes, you’ll soon notice its arc across the sky can vary from low to overhead. Depending on where your city is in relation to the space station’s orbital location when it pops into the sky, it might beat a path across the north, cut a diagonal from northwest to southeast or barely crest the southern horizon.
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The steep tilt or inclination of the space station’s orbit allows it to be seen across much more of the planet compared with the Hubble Space Telescope. The red circles passing through the southern United States and southern South America define the zone where Hubble is visible from the ground. Anyone living between the top- and bottommost circles can spot the ISS. Diagram: Gary Meader, Source: Quora / Robert Frost

Curious why it always travels from west to east and never the other way around? Most satellites are launched to the east to take advantage of the free speed boost they get from our planet’s west-to-east rotation. A satellite taking off from Cape Canaveral gains 915 miles (1,473 km) an hour because Earth rotates at that speed at that latitude. Who doesn’t love a freebie? Thanks to the spinning Earth, the rockets that launch satellites can be smaller and carry less fuel, saving money.

The space station orbits Earth at an angle or inclination of 51.6° to the equator, a steep tilt. Its inclination defines where on Earth you can see it. The ISS will pass overhead for anyone living between latitudes 51.6° south and 51.6° north. It can be seen for some distance beyond those limits lower in the sky but not at the overhead point. Most of humanity lives within or near this latitudinal zone, so about 95 percent of the people on Earth have the opportunity to view the space station.

That’s not true for the Hubble Space Telescope, which has an orbital inclination of 28.5°. I attended a conference once in Charleston, South Carolina (latitude 33° north) and made sure to watch for the Hubble, which is never visible from my home in northern Minnesota (latitude 47° north). Neither as bright nor as big as the space station—Hubble’s about the size of a large school bus—it orbits 342 miles (550 km) up and loops around Earth once every 96 minutes. Check it out if you live anywhere from the southern U.S. to central South America; there’s a link for it in Heavens Above.

Zipping around the planet at 17,000 mph (27,360 kph) or 92 minutes per orbit, the International Space Station crew experiences 15–16 sunrises and sunsets every single day. By all accounts, they never tire of looking at the Earth with its ever-changing clouds and swift sunrises. The steep pitch of the space station’s orbit takes the crew right up near the auroral zone, guaranteeing regular sightings of both the northern and southern lights for all on board.
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NASA astronaut Tracy Caldwell Dyson quietly admires the Earth below her from one of the cupola windows in the space station in 2010. Credit: NASA
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This nighttime photo of the Earth, taken from the ISS over the U.S. Midwest, records the lights of hundreds of cities, many of which define a gridwork of roads and interstate highways. Chicago and the dark outline of Lake Michigan are seen above center; St. Louis shines at lower right. Minneapolis is halfway between the left edge and Chicago. Green-hued auroras flare at top and left, while the pale green layer at right is airglow, caused by air molecules releasing light after being energized by the sun’s ultraviolet light during the day. Photo credit: NASA

[image: ]

NASA astronaut Kjell Lindgren tries to corral a supply of fresh apples, oranges and lemons that arrived via transfer vehicle at the station on August 25, 2015. Visiting ships often carry small amounts of fresh food for the crew. Astronauts have to keep track of package contents, otherwise they’ll soon float away in the weightless environment of the space station! Photo credit: NASA

Astronauts Earth-gaze in their free time but otherwise have to go to work like us earthbound folks. The ISS serves as a space laboratory, where the crew conducts experiments in biology, physics, meteorology, astronomy and chemistry in a unique environment called microgravity.

Seeing astronauts floating around the cabin and inside the cupola, a room with a picture window view of Earth, you’d think there’s no gravity up there. Nothing could be further from the truth. Assume for a moment there isn’t. Can you guess what would happen? The entire station would drift away from Earth and take up an orbit around the sun. Earth’s gravity acts as a tether to keep it from floating away. So what causes weightlessness or the appearance of zero G? If you’ve ever been in an elevator that descended to a lower floor faster than expected, you may have felt for a moment as if you were going to float right off the ground. The same unsettling experience can happen during severe air turbulence when the plane you’re flying in feels as if it’s dropping out from under you. Now imagine the space station as an elevator.

Every minute of every orbit, the space station is falling, falling, falling to Earth. It doesn’t crash because it’s moving forward in its orbit fast enough to make it around the curve of the globe and continue along its path. On a sphere, the surface is always dropping away beneath you as you circle about it; if the Earth were flat, the ISS would crash after its first orbit. In case you were in doubt, the daily tweets from happy astronauts provide yet another proof that Earth is a sphere!

Don’t expect to see the International Space Station every night. Due to the perturbing effects of Earth’s gravity, the ISS goes through cycles called “windows of visibility,” each of which lasts about two months. During that time, it first appears in the dawn sky for about a month followed by a similar stint in the evening sky and then disappears altogether for a time. Oh, it’s still there, zipping along as always, but in the daytime sky. Soon enough, the station will reappear at dawn to begin a new go-round.
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This diagram shows the Earth in late May when the space station’s orbital track is closely aligned with the day-night terminator (border between night and day). The astronauts never enter Earth’s shadow, experiencing a “midnight sun” while observers on the ground get to watch repeated passes throughout the night. This example depicts early June in the northern hemisphere. Photo credit: Bob King

The cycle repeats throughout the year with one exception: In late May–early June, on the eve of northern hemisphere summer, the station’s orbit and Earth’s day-night terminator—the line separating day from night—nearly align. From the astronauts’ point of view, the sun never sets. Back on the ground, between latitudes 40° and 55° north (or 40° and 55° south during southern hemisphere summer), the ISS remains in sunlight one orbit after another without ever dipping into Earth’s shadow. Instead of one or two passes a night, you can watch up to six from dusk to dawn. Those who manage to pull this off by staying out all night can proudly boast they took part in a successful ISS marathon. Southern hemisphere skywatchers have their marathon in December.

Even the lowest satellite orbits 100 miles (161 km) up. The ISS shines brighter than any other satellite because it’s the largest machine ever built in space and reflects far more light than something, say, the size of a refrigerator. It also doesn’t hurt that it’s outfitted with eight huge, highly reflective solar arrays that convert sunlight into the electricity required to power the station.

People will sometimes comment that satellites move jerkily or even with a zigzag motion across the sky. You may have even seen this yourself. The motion is real but lies in our eyes, not the satellite. When changing point of view, our eyes move in short jerks, not in one smooth, continuous motion. We don’t usually notice this when dealing with familiar-size objects in our work and home environments, but a point of light moving against a black background exposes this interesting anatomical oddity.

From a typical suburban location with a reasonably dark sky, you can expect to see 10-20 satellites per hour. To find and identify them, return to Heavens Above and click the “Daily Predictions for Brighter Satellites” link under the “Satellites” heading for a list for your area. The site also features a clickable link for predictions for the Hubble Space Telescope. Some of the satellite and phone apps mentioned also include predictions for the Hubble and other lesser known satellites. Whichever method you use, stick to satellites with a minimum magnitude (mag) of 3 or brighter—at least at first. Fourth magnitude and fainter satellites are tricky to spot for beginners. We’ll explore magnitude, the scale astronomers use to measure the brightness of sky objects, in more depth in Chapter Four (here).

Artificial satellites are a space-age phenomenon that began with the launch of Sputnik by the Soviet Union in 1957. Fast-forward to the current era, where hundreds whizz by overhead every night. The U.S. Strategic Command now tracks more than 17,000 satellites ranging in size from the International Space Station to fist-size shards of exploded rocket stages. Of that number, only about 1,100 are active satellites. “Dead” or alive, they all shine by reflected sunlight.

Surprisingly, most satellites aren’t even operating craft but rather spent rocket stages that end up circling Earth after propelling surveillance, communication and scientific satellites into orbit. Toss in shards and shrapnel from satellite testing, accidental explosions and even a tool bag lost by one of the shuttle astronauts during a space walk, and it’s no wonder the tally of man-made objects in orbit numbers more than 500,000.

Of the several hundred satellites bright enough to be seen from suburban locations on a given night, more than a third are Cosmos rocket stages that helped launch Soviet and Russian military and scientific satellites into orbit. Operating satellites include those doing surveillance, meteorology, reconnaissance and communications. The oldest still in orbit, Vanguard 1, was launched by the U.S. on March 17, 1958.

Earlier, I mentioned that many satellites travel from west to east to take advantage of the free gift of Earth’s rotation. Another group, that includes some meteorological satellites along with surveillance and military spy satellites, instead follows north to south (or south to north) tracks. These satellites cycle along “polar orbits,” so they can keep watch over the entire Earth as it rotates once a day below their gaze.
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What looks like a dashed line is a tumbling Chinese rocket stage that to the eye would appear to flash as it crossed the sky. Photo credit: Michael A. Covington
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The near-Earth space environment is littered with mostly defunct satellites and the boosters used to place them in orbit. The U.S. Strategic Command tracks more than 17,000 satellites, of which only about 1,100 are active. Speckles near Earth represent satellites in LEO. The outer ring depicts satellites in high Earth orbit such as those used for weather-watching and global communications. Photo credit: NASA Orbital Debris Program Office

Sparks in the Night or How to Spot Iridium Flares

One last group of satellites deserves our special attention, if for no other reason than its shock value. These are called Iridiums after the element iridium, number 77 on the periodic table and the original number of satellites planned for a large, net-like constellation of communications satellites. Consisting of about 66 active satellites, they orbit 485 miles (780 km) above the Earth in steeply inclined orbits that take them all over the Earth, even the North and South Poles.

Normally, Iridiums are too faint to see except in binoculars, but their silver-coated Teflon antenna arrays reflect sunlight like a mirror. When the angle between satellite and observer is just right, we see a brief but spectacular flare lasting about 5–10 seconds.

Once again, Heavens Above will be your guide when seeking Iridium flares. Click on the “Iridium Flares” link for a table displaying brightness and time of the event as well as its altitude (height above the horizon) and azimuth (compass direction). For example, if a flare prediction has an altitude of 45° and azimuth of 225°, you’ll see it halfway up in the southwestern sky. As a backup, you can click on the time for a map showing the satellite’s path and where and when it will flare. Apple’s Sputnik! for iPhone displays information for both local Iridium flares and ISS passes, while ISS Detector does the same for Android.
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The Iridium 75 satellite undergoes a brief but brilliant flare in this time exposure photo. The satellite’s door-size, silver-coated Teflon antennas reflect light like a mirror. When struck by sunlight, an Iridium can momentarily glare brighter than Venus. The satellite moved from right to left during the time exposure, faint at first then rapidly brightening to peak brilliance before quickly fading below naked-eye brightness. Photo credit: Bob King

Heavens Above also lists how far and in what direction from your location you’d need to drive to see the flare at its maximum brightness, or when the antennas are delivering the most intense reflection possible. Flares range from as bright as the brightest star up to 20 times brighter than Venus. They can be so intense that the sky lights up around them in a silent explosion. Seconds later, the satellite fades back to invisibility.

During a winter night outing with a group of teens some years back, I used the power of satellites to have a little fun. As we huddled together along the frozen lakeshore looking skyward, I told them I had a premonition something amazing was going to happen at 9:12 p.m. not far above the constellation Orion. (Spoiler alert: I’d looked up the time of a bright Iridium flare beforehand.) At that moment, one of the students shouted out the appearance of a new “star.” As it quickly brightened, wows rang out across the night. Afterword, I let the cat out of the bag about Iridiums. No question about getting the group’s full attention for the remainder of the night—I had the satellites on my side.

There’s nothing easier than lying on your back with hands folded behind your head, looking up and watching satellites go by. While they are commonplace in our time and easy to take for granted, our ancestors would have thought these man-made birds miraculous.


ACTIVITY: How to Take Pictures of the International Space Station and Iridium Flares

Have a digital camera a little more sophisticated than a smartphone? Why not try your hand at photographing the brighter satellites? Your camera will need to take time exposures of at least 15 seconds. The best photos are made in moonlight or deep twilight, which lend a rich blue color to the background sky. Here’s how:

1. Many of us leave our camera in automatic mode. For night sky and satellite photography, put your camera in full manual mode.

2. Use a wide-angle lens or adjust your zoom lens to its wide-angle setting by looking through the viewfinder and turning the lens barrel until the view is widest. The lower the number shown on the barrel, the wider the view. For example, 16–24mm is considered wide-angle and 35–50mm “normal.”

3. The aperture on a camera lens can be adjusted to allow more or less light to enter. For night photos, “open” the lens up to its lowest-light setting (f/2.8 to f/4.5) to let in the maximum amount of light and set your ISO to either 400 or 800. ISO is the level of sensitivity of your camera to light. The higher the number, the more sensitive. And the more sensitive, the shorter the time required for a proper exposure.

4. Most cameras struggle to autofocus on point-like objects in a dark sky. But some have a handy feature called live view (check your manual), where you can focus on a magnified image of a bright star when your lens is set to manual. This is the best and most consistent method to achieve sharp focus.

Point the camera at a bright star and activate live view (usually a button on the back of the camera). When you see the star in the back viewing window, find and press the button with the magnifying glass icon. This will magnify the star 5x. Press again and you can magnify it 10x or more. Now, carefully bring the star into crisp focus by turning the focusing ring on the lens barrel. Your lens will now provide sharp views of not just satellites but anything in the night sky.

If you don’t have live view, all is not lost! You’ll just have to find the farthest focus setting on your lens, called infinity. Satellites, stars, the moon and clouds all focus at infinity. Autofocus on a cloud in the daytime sky (or the moon if it happens to be out), then look at the barrel for a string of numbers (distances) ending in a sideways figure 8. That’s the symbol for infinity. The focus indicator should be very close to the figure 8. Either mark the spot where the indicator points with a permanent marker or memorize the position. Then when you want to photograph the space station, click your lens from auto into manual mode, and align the focus indicator line with the pre-marked infinity spot. I apologize if this sounds tedious, but once you’ve got the drill down, it’ll be second nature.

5. Attach the camera to a tripod and aim it in the general direction where the ISS is expected to pass. Try including some foreground trees or buildings to add interest and provide scale. Be sure to allow room for the satellite to travel from one side of the picture frame to the other. You may clip it on the first couple of tries, but before long you’ll anticipate the path and align your camera accordingly.

6. When you see the ISS enter the camera’s viewfinder, expose between 15 seconds and about a minute. Many cameras only allow up to 30 seconds exposure, so you’ll only be able to capture a short segment of the ISS’s path. If your camera has a “B” setting, you can hold the shutter button down with your finger for as long as the satellite takes to pass across your field of view. Take care to be steady, so you don’t accidentally jiggle the camera during the exposure. Even better, purchase an electronic cable release to lock open the camera’s shutter automatically.

For Iridium flares, point the camera at the spot the flare will occur, then press the shutter at the first sight of the brightening Iridium satellite. If the sky is dark, you can expose a minute or longer, but if you’re photographing in early twilight and your exposure is more than 15 seconds, the picture will be overexposed. Try “closing down” the aperture of your lens by setting it to f/4–f/4.5 while keeping the ISO at 400.

7. After your first photo, check the back viewfinder and see how you did. If you need to change exposure time, do so and try again until you get the effect you desire. Keep in mind that once you master focusing and exposure time, you can use similar settings to take pictures of the planets and constellations. For them, wait till it’s dark, set the ISO to 800 or higher and experiment with exposures to find the one that works best. Try f/2.8 or f/4, ISO 800-1600 and 30 seconds for starters.
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The surest way to focus on nighttime sky objects is to use the “live view” feature coupled with the in-camera magnifier. Together they allow you to precisely focus the image manually. Photo credit: Bob King
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Celestial objects all come into focus at infinity, a setting on the barrel of a camera lens that looks like a sideways “8.” In the pre-digital era, you would set the lens to infinity and stars were in focus. Most camera lenses now focus near but not quite at the figure-8, so you have to find the true infinity point using the methods described here. Photo credit: Bob King


Useful Websites

•  Compass for Android: https://play.google.com/store/apps/details?id=tntstudio.supercompass&hl=en

•  ISS and other satellite predictions at Heavens Above: heavens-above.com

•  Spaceweather flybys: spaceweather.com/flybys/

•  Online satellite and satellite flare tracking at Satflare: satflare.com

•  Spot the Station for emailed ISS pass alerts: spotthestation.nasa.gov/

•  NASA’s International Space Station updates, photos and videos: nasa.gov/mission_pages/station/main/

•  Hubble Space Telescope: nasa.gov/mission_pages/hubble/main/index.html

•  ISS Spotter app for iPhone: itunes.apple.com/us/app/iss-spotter/id523486350?mt=8

•  SkyView Satellite Guide for iPhone: itunes.apple.com/us/app/skyview-satellite-guide-find/id694309958?mt=8

•  ISS Detector for Android: play.google.com/store/apps/details?id=com.runar.issdetector&hl=en

(Apps change with time, with new and better ones appearing regularly. Be sure to check the Web for updates.)




CHAPTER TWO

ANTICIPATING THE NIGHT

We look at how the eye adapts to darkness and what you’ll need to get started on your night adventures, from the proper clothing to star maps and mobile phone apps that will help guide you to the bright stars and constellations. Learn to use online weather resources to anticipate clear nights and find dark skies where you live.


ACTIVITIES

•  Make (or buy) a red flashlight for reading star maps in the dark (here).

•  Use online weather imagery and light pollution maps to help you locate clear—and dark!—skies (here, here and here).

•  Grab a free online star map or mobile phone app and see how each works under the real sky (here).

•  Sharpen a pencil and keep track of your night sky observations in an astronomy journal (here).



Night Vision Power

Step outside your home on a moonless night and the darkness seems impenetrable. In bright light we see detail and color but in darkness, next to nothing—at first. After just a few minutes, we can make out both the surroundings and brightest stars.

It takes our eyes about 20–30 minutes to adapt from bright indoor illumination to complete darkness. In low light and at night, special light-sensitive cells in the retina called rods take over and give us the power of “night vision.” Night vision is a mixed bag. While allowing us to literally see in the dark, they sacrifice fine detail and color, which only our cone cells can provide. Cones operate primarily in daylight and bright artificial light.

Few walk out at night anymore without some form of artificial lighting. But if we give our eyes a chance to dark adapt, they’re better instruments than we think.
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If you’re using a star map to identify planets and constellations, a red flashlight or LED will help you preserve your hard-earned night vision. Our eyes are much less sensitive to red light compared with white. Photo credit: Bob King

How faint a star you can see depends on your age, which determines the size of the pupil, that black portal at the center of the eye surrounded by the colorful iris. The iris gives us our eye color and behaves like a camera’s iris or diaphragm, narrowing or widening the camera’s aperture to direct the correct amount of light to the sensor for a proper exposure. When there’s a lot of light, the iris contracts the pupil, so we’re not blinded. When light is scarce, it opens or dilates the pupil to allow the maximum amount in.

As we age, our pupils don’t dilate as large as they did in our youth; they’re also sluggish to react to changes in lighting. Dark adaptation happens faster and goes deeper from childhood through the 20s and then begins to slowly decline. Kids can see more stars than their parents, and parents see more stars than their parents. Despite the inevitable narrowing of our pupils as we age, I’ve found that experience and familiarity play a key role in seeing things. If you routinely watch the sky, sharpening your powers of observation by tracing the outlines of the constellations, or teasing out details in the Milky Way, you can slow the tick-tock of aging.

Once you’ve earned your night vision, protect it by not looking at bright lights. Some amateur astronomers go pirate and wear a special patch to cover their favorite “observing eye” at the telescope. Most naked-eye observing doesn’t require such critical attention, but allowing for and maintaining your night vision will help you see the stars at their best.

Red Light vs. White Light

You’ll want a small light to make sure you can get around in the dark and to read a star map while on adventures to dark skies. Ordinary, white-light flashlights will kill your carefully won night vision in a hurry. Instead, choose a red light to preserve dark adaptation. Our eyes are less sensitive to red and recover more quickly.


ACTIVITY: You can either make your own red light by painting an ordinary flashlight bulb with red nail polish or buy one. But before you run out to the hardware store to grab the first flashy LED light on the counter, check to see if it’s adjustable. Some red LEDs are much too bright, nearly as bad as white. If possible, get a combination red light-white light unit. You’ll like being able to flip on a white light when something grunts in the brush and scares you momentarily to high heaven. For me, shining a bright light in the direction of night sounds over the years has yet to reveal anything more frightening than figments of my imagination.



Dress for Comfort, Beat the Bugs

You may do all your skywatching from home, but let’s say you make an occasional drive to the countryside to get a better view of the northern lights or to take in the grandeur of the summertime Milky Way. It goes without saying to carry a light and a backup or extra batteries. And don’t forget mosquito repellent in the summer months. Proper clothing is important, too. Even summer nights can grow damp and chilly, making a coat a welcome accessory. I like to compare skywatching to ice fishing. In both, you’re sitting or standing in one spot and can cool down quickly, so dress warmly.

On colder nights, toes and fingers can be especially vulnerable.

Wool-lined boots will keep your feet warm, while chemical hand warmers will help you avoid the pain of frozen fingers. When used in an enclosed space such as the inside of mittens, they provide excellent warmth for up to 10 hours. Some of my friends use two sets of hand warmers per hand—one held inside the palms and the other on the backside of each hand.

Finally, heated gloves, vests and jackets powered by lithium ion batteries are available from Amazon or Cabela’s. Though not cheap, they may be exactly what you’re looking for. You should be as comfortable as possible when out observing, to better enjoy the view without having to hurry back indoors.

Amateur astronomers like to joke that there are only a few times a year when you can observe in comfort: April and May in spring and September and October in the fall. The rest of the time it’s either too cold or too buggy. Dry, cool nights are better than warm, humid ones when it comes to bugs. Everything from traditional DEET-based repellents to picaridin, marketed as Cutter Advanced, to eucalyptus oil have proven effective to varying degrees. Wind helps keep then at bay, too. I usually apply a modest amount of repellent and make my peace, knowing that fall will arrive soon and sweep the beasts away.

Playing the Weather

Will it be clear? That’s always the question when you make skywatching plans. Your local radio, TV and newspaper weather forecasts provide a good first stop when planning a nighttime observing session. But with so much additional information and satellite photography available online, you can practically predict the weather yourself, at least in the short term. Of particular interest to budding amateur astronomers are the comings and goings of clouds around the time of big events of short duration, such as meteor showers, eclipses and aurorae. Sometimes everything works out, and the forecast for clear skies holds true, but if not, you’ll need a Plan B.


ACTIVITY: When it comes to customized forecasts, one of the most useful tools I’ve found for skywatchers is Attilla Danko’s Clear Sky Chart (cleardarksky.com/csk/). Visit the site to access an interactive grid showing cloud cover, sky transparency, wind, temperature and humidity estimates for thousands of locations across the United States, Canada and parts of Mexico. If you click on Massachusetts, for example, you’ll get a list in graphical form showing sky conditions for 69 locations across the state.
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This is an example from the ClearDarkSky website showing hour-by-hour cloud cover, sky transparency and weather for the city of Boston. This site is one of several providing reasonably accurate cloud cover forecasts that will help you plan your night sky outing. Photo credit: Attilla Danko / ClearDarkSky

The first row indicates the percentage of the sky covered in clouds, ranging from white (100 percent overcast) to deep blue (100 percent clear) with everything in between. Additional data sets include sky transparency (how clear or hazy the sky is), seeing conditions and more. While no forecast is bulletproof, the reliability of the models Danko uses makes Clear Sky Charts one of the best online tools available. Much interesting data and imagery lie behind each of those squares—click on any one of them in the Cloud Cover row and an image pops up with a predicted satellite view for your region at that hour.

I also check the Geostationary Operational Environmental Satellite (GOES) images that weather forecasters use to display and animate the movement of clouds and weather fronts during the nightly newscasts. Once you know the location and general drift of the clouds, you’ll have a better idea of how to plan your night out, whether it’s a simple stay-at-home or an ambitious road trip. For planet and constellation viewing, it’s easy enough to wait for the next clear night, but for events such as a total lunar eclipse, you may not get another chance for a long time.

The GOES East site (weather.msfc.nasa.gov/GOES/goeseastconus.html) features a photo of the entire mainland United States, Central America and much of Canada, updated every 15 minutes. For the western U.S., western Canada and Hawaii, head over to the GOES West site (weather.msfc.nasa.gov/GOES/goeswestpacusir.html).
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Weather-monitoring satellites are your friends! Photographs taken every 15 minutes from orbit show the shifting patterns of moving clouds and fronts that will inform your decision on when and where to observe. Photo credit: NOAA/NASA


ACTIVITY: At either site, click anywhere on the satellite photo for a zoomed-in look at a particular region. For the biggest, most detailed pictures, set the “width” and “height” boxes to their maximum values of 1400 (width) and 1000 (height). That way you’ll get a full-screen, 1-kilometer-resolution image. All images have a time stamp in the upper left corner given in Universal or Greenwich Mean Time (GMT). Subtract 5 hours to convert to Eastern Standard Time; 6 for CST; 7 for MST and 8 for PST.



You can check back all day long for fresh photos and watch the march of the clouds over time. Or you can have the site assemble up to 30 of the most recent images into an animation loop and watch it as a movie. Combining current photos, the animation and your local forecast will inform your plans about whether to remain at home to watch an event or hit the road.

When night arrives, you can still get a reasonably good idea of where the clouds are and aren’t by clicking on the infrared channel link near the top of the window. The secret to success in watching a special astronomical event involves planning, keeping track of the weather to find clear skies and a willingness to travel if necessary.

Dark Skies? What Dark Skies?

Let’s face it. Light pollution limits what many of us can see. If you live in or near a big city or have a large shopping center nearby, your view of the night sky can be severely compromised. Instead of a sky a-sparkle with stars, an orange miasma greets your upward glance. You might see the moon or even Venus, but the stars recede before the glare. In 1994, when the Northridge earthquake knocked out power to Los Angeles, people contacted the authorities and local observatories asking about the strange, bright lights twinkling in the sky. Surprised residents had never noticed the stars before.
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Poorly-shielded electric lighting sends light into the sky, where it drowns out the stars and Milky Way, robbing many of the beauty of the night sky and forcing those who seek darkness to travel long distances. Simple fixes such as turning off unneeded lighting is a great start. Working with your city council or town board to reduce light pollution by crafting a local ordinance can make an even bigger difference. Photo credit: Bob King

In cities across the United States, quaint but unshielded sodium vapor light fixtures replaced many of the old “cobra lamp” style light poles in the 1980s and ’90s. More recently, LED lighting has taken hold, and the glare from cities and suburbs is slowly changing from peachy orange to pale blue. While the efficiencies of LEDs save on electricity costs, unless they’re shielded—placed in box-style fixtures where light is directed toward the ground rather than outward and upward into the sky—they send light where it’s not needed, brightening the sky and blanking out the stars. What’s more, they emit a bluer, brighter light than the orange-colored sodiums. Thankfully, many street lamp LEDs are properly shielded, but if used unwisely in unshielded wall-mounted fixtures or in “deer-antler” style home security lighting, they can spread the odious glow even more.

You might feel like throwing up your hands. Don’t! Every single person can do a little to make a difference. Start with your own property and turn off unused lights or replace them with motion-activated lights.

To learn more about light pollution and what you can do about it, please drop by the excellent International Dark-Sky Association’s website (darksky.org/). Groups of night-sky lovers across the country have organized and made presentations before their city councils showing how smarter and more efficient lighting can be best for everyone.
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U.S., Canadian and northern Mexican cities crackle with light in this composite photo made using images taken by the Suomi NPP satellite in April and October 2012. Suomi NPP orbits 512 miles (824 km) above the Earth. Light pollution has been a growing problem for decades with the potential for more as older, power-hungry lights are replaced with brighter, more efficient LEDs. Photo credit: NASA Earth Observatory image by Robert Simmon using SUOMI NPP data provided courtesy of Chris Elvidge (NOAA)
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At DarkSiteFinder.com, you can zoom in on your city to see a light pollution overlay on Google Maps. Reds and oranges indicate high levels of unwanted glare; blue and gray indicate dark skies. Using the road map, you can drive in the direction of darker skies to get a better look at the Milky Way, fainter constellations or the northern lights. This example compares the heavily light-polluted city of Boston with Bismarck, North Dakota, where dark skies are easier to find. Credit: Light Pollution Map Layer: P. Cinzano, F. Falchi (University of Padova), C. D. Elvidge (NOAA National Geophysical Data Center, Boulder). Copyright Royal Astronomical Society. Reproduced from the Monthly Notices of the RAS by permission of Blackwell Science.

Sometimes the only way for many of us to cope with man-made glare is to drive to darker skies. I live near a medium-size city that radiates a big, orange glow across the southern and southwestern sky, frustrating my attempts to see certain stars and otherwise stunning sights such as the Sagittarius Milky Way, one of the richest parts of the galaxy. I make the best of it most nights but travel north to put the dome of light pollution behind me when I crave truly dark skies.

Several years ago, I toured the countryside within 20 miles (32 km) of my home seeking asylum from the light and identified several little-used gravel roads and pullouts as dark-sky observing locales. As a bonus, these places are far quieter than my neighborhood; not only do they present an unfettered view of the universe, their tranquility soothes the senses.


ACTIVITY: To assist you in finding your own sanctuary of darkness, whether for aurora-watching or to get the stellar enrichment we all need from time to time, head over to DarkSiteFinder.com. Key in the name of your city and you’ll get a color-coded overlay of local light pollution on Google Maps, making it easy to know which direction, what roads and how far to drive to find dark skies. Two quick tips: use the “+/-” tool in the lower right corner of the map to zoom in and out, and remember to refresh the map regularly. If you don’t, light pollution data may not show for some regions.



The hues fall in line with the Bortle Scale, a nine-level scale created by amateur astronomer John Bortle who published the work below in Sky & Telescope (www.skyandtelescope.com/), a popular astronomy magazine. Class 1 skies, not surprisingly, are the darkest on Earth, while Class 9 obscures everything but the moon, planets and the brightest stars.

Use this table to help you discern differences in sky quality and to appreciate the dramatic difference between what you might see in town vs. what lies in store in the country.

Bortle Dark Sky Scale:

*  CLASS 1—Excellent dark sky site. Brightest parts of the Milky Way in Sagittarius and Scorpius cast shadows. Many star clusters and several galaxies visible with the naked eye.

* CLASS 2—Typical truly dark site. Surroundings are barely visible silhouetted against the sky. Clouds are seen as “dark holes” against the sky. The summer Milky Way is highly structured.

* CLASS 3—Rural sky. Some light pollution along the horizon but the summer Milky Way still appears complex. Clouds are lit up near the horizon but silhouetted overhead.

* CLASS 4—Rural/suburban transition. Fairly obvious light pollution domes over urban centers visible in several directions. Surroundings are clearly visible even at a distance. Milky Way well above the horizon still looks impressive but lacks detail.

* CLASS 5—Suburban sky. The Milky Way is weak or invisible near the horizon and appears washed-out overhead. Passing clouds are noticeably brighter than the sky.

* CLASS 6—Bright suburban sky. Light pollution within 35° of the horizon makes the sky glow grayish-white. Clouds anywhere appear bright.

* CLASS 7—Suburban/urban transition. Strong sources of light obvious in all directions. The entire sky is light gray, and the Milky Way is invisible.

* CLASS 8—City sky. The sky is light gray or orange and you can easily read. Stars forming the familiar constellations may be weak or invisible.

* CLASS 9—Inner-city sky. The sky is brilliantly lit. Most stars are invisible and only the bright planets and moon can be seen.

Star-Finding Maps and Apps

You can choose to enjoy the firmament at face value as a canvas of distant, scintillating suns, wheeling galaxies and planets seen and unseen, but knowledge enhances and deepens our appreciation and understanding of everything we see or sense. Most of us know the Big Dipper and Orion’s Belt, but there’s so much more—88 constellations in all, many of which parade with the four seasons across northern hemisphere skies. To help you follow that parade and anticipate Orion’s first appearance in the east, or where and when to look for the planet Mars, you’ll need a star map.

Planispheres, also known as star wheels, have been around since the 1600s and will likely be around a lot longer since they possess a key advantage over phones and computers: They never need recharging. They’re made of two nested paper or plastic wheels with a pivot at the center. The top wheel is marked with the time of day or night along its edge and features a window showing the constellations; the bottom wheel displays the days of each month.


ACTIVITY: To use one, turn the upper wheel to match the time of day with the date and you’ll get a map of the sky as it appears at that moment. You can set any date and time to know what to expect when you walk out on any evening of the year. Even with the excellent phone apps available, I still like the simplicity and old analog feel of a planisphere.

Remember when using one that the outer edge of the window represents the 360° circle of horizon around you. The center of the star map marks the overhead point called the zenith. To see what’s up in the southern sky, face south and hold the wheel so south is at the bottom. Constellations along the window’s edge will be low in the sky, those halfway between the center and edge will be at a convenient viewing elevation. Now turn to face the eastern sky and rotate the wheel so east is along the bottom. Rotate the wheel another quarter turn (north at the bottom) when you face north and … well, you get the idea!
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For those who like a hands-on approach, a planisphere is an easy way to find out what constellations are up any time of day or night simply by adjusting the two rotating wheels to the time and date. Another benefit—no batteries required! Photo credit: Bob King

Several excellent planispheres are available online or through your local bookstore. I recommend either the one from the David Chandler Company (www.davidchandler.com/) or the jumbo 16-inch (40 cm) Guide to the Stars from Kenpress.com. You’ll also find both at Amazon and Barnes and Noble. With the Chandler version, you can select from one of several planispheres that best fits your latitude—how far north or south of the equator you live measured in degrees. As you will learn later, your latitude determines what part of the sky is visible from your location. Visit Latlong.net (www.latlong.net/) to find your exact latitude if you decide to purchase the Chandler planisphere.

For the southern half of the U.S., get the 30°–40° version and the 40°–50° if you live in the northern U.S., southern Canada and Europe. The oversize Guide to the Stars planisphere gets high marks for user friendliness and includes the ecliptic circle, or path of the planets, a helpful feature that will clue you in on where to look for them.

The one thing necessarily missing in this otherwise superb tool are the planets. Can you guess why? Unlike the stars, they’re constantly on the move as they orbit the sun. We’ll explore other options for finding these free-range chickens when we take a closer look at planets in Chapter Seven (here).

Another of my favorite sky helpers is the Abrams Sky Calendar, a single-sheet, monthly guide in a calendar format featuring all the most interesting naked-eye sky events. The calendar is mailed out quarterly with three monthly issues per mailing. Stick it to your fridge with a magnet, and you’ll never miss another important sky event. You can download free online star charts at What’s Out Tonight (kenpress.com/) and SkyMaps (skymaps.com).
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Phone apps make fantastic tools for identifying planets, constellations and satellites such as the International Space Station. Many are free. Just hold your phone to the sky—or aim at the ground—and find out what’s up or down. Tapping on a particular object will display additional information. Photo credit: Bob King

Many star charting or planetarium-style programs are available for your computer, with prices ranging from $30 to $300. SkyX by Software Bisque and Starry Night and Distant Suns, are great examples. With one click you can see the starry sky, planets, comets—you name it—tonight, tomorrow night, thousands of years ago and thousands of years hence. Zoom in, zoom out, watch eclipses and track satellites. There’s nothing these programs can’t do.

If you’re short on cash, you can download free programs with nearly as many features. One of my favorite freebies is Stellarium, available for both Windows and Mac operating systems. Download the latest version at stellarium.org, tell it where you live and within minutes you’ll know what’s up in the sky tonight or 10,000 years in the future. The interactive map shows the locations of the planets, the brightest satellites, comets and of course every constellation in the firmament.

Mobile phone astronomy apps provide the ultimate convenience, and many are free. I use Star Chart for iPhone to see what’s up night or day. Point it at the sky and the constellations, including their mythological forms, appear right before your eyes. Center a particular star and you’ll get a readout of its name and pertinent information. For a hoot, many of us like aiming our phones at the ground when using one these apps to see what the other side of the planet’s inhabitants are seeing. These and other star-finding apps are quite intuitive, feature red-light mode to preserve night-vision, planet data, add-ons for satellite tracking and other options.

Keep an Astro Journal

As you come to know the sky, consider keeping a journal. Recording your observations provides a sense of accomplishment and ultimately serves as a learning tool. I started my first astronomy journal at age 13. Back then it included everything from night sky ramblings to the daily high and low temperatures to a description of the first time I held hands with a girl. These days, my journal records brushes with frostbitten fingers, aurora sightings, impressions of the night, sketches of striking planetary alignments and interesting incidents such as the sheriff’s deputy pulling up to my car one night wondering whether I was out burying a dead body. (This really happened. Not the burial, of course, but the deputy questioning me about what I was doing parked in the middle of nowhere with a bunch of equipment in my trunk. Trying to calm my fluttering heart, I explained that I was out looking at comets and planets with my telescope. He stuck around for 25 minutes, eager to look through the telescope and thrilled to see the planet Saturn for the very first time).


ACTIVITY: I use a spiral-bound sketchbook with blank pages so it’s easy to make a drawing without ruled lines getting in the way. Others type notes into their computer and “sketch” with imaging software, such as Photoshop. My instruments are simple: pencil, eraser and fingertip. A fingertip comes in handy when depicting the feathery appearance of pillars in the northern lights or capturing the fuzzy look of naked-eye deep sky objects. Writing and sketching sharpen your powers of observation, so the next time you look at a favorite constellation or spy a lunar detail, you’ll see more there than the first.

Allow yourself to get personal. It’s a journal after all. I enjoy expressing my thoughts and feelings about the night-out experience itself—how it felt to share a meteor shower with my daughters or the feel of that delicious chill that wriggles up the spine when hearing wolves howl at Orion’s winter rising.

Write as much or as little as you like and never worry about grammar and punctuation. Just get it out. If you’ve never kept a journal, let the next clear night be your inspiration.




Useful Websites

•  International Dark-Sky Association: darksky.org

•  Northern Virginia Astronomy Club checklist for cold weather: www.novac.com/wp/blog/the-ironmans-tips-for-staying-comfortable-while-observing-in-cold-weather/

•  Red LED flashlights for astronomy through Orion at Amazon.com and www.telescope.com/Accessories/Flashlights/pc/3/50.uts

•  Attilla Danko’s Clear Sky Chart for hour-by-hour cloud forecasts and much more: www.cleardarksky.com/csk/

•  Clear Outside for hour-by-hour cloud forecasts and much more: clearoutside.com/forecast/50.7/-3.52

•  U.S. Cloud Forecast Cloud Forecast Graphic: www.weatherforyou.com/reports/index.php?forecast=pass&pass=skymap&s=us

•  National Center for Atmospheric Research (NCAR) Real-Time Weather Data site for nighttime cloud views: weather.rap.ucar.edu/satellite

•  GOES East site: weather.msfc.nasa.gov/GOES/goeseastconus.html

•  GOES West site: weather.msfc.nasa.gov/GOES/goeswestpacusir.html

•  David Lorenz Light Pollution Atlas: djlorenz.github.io/astronomy/lp2006/overlay/dark.html

•  Planispheres Guide to the Stars from Kenpress.com or the Chandler Star Wheel from the David Chandler Company: www.davidchandler.com/

•  To find your latitude and longitude: Latlong.net

•  Sky & Telescope magazine: www.skyandtelescope.com/subscribe/

•  Astronomy magazine: www.astronomy.com/

•  Skymaps.com – free star maps: http://skymaps.com

•  “What’s Out Tonight” free star maps: kenpress.com/

•  Abrams Planetarium Sky Calendar: www.abramsplanetarium.org/SkyCalendar/index.html

•  Stellarium, free sky-viewing program for laptop or desktop Windows and Mac: http://www.stellarium.org

•  Star Chart for iPhone: Free (itunes.apple.com/us/app/star-chart/id345542655?mt=8)

•  Star Chart for Android: Free (play.google.com/store/apps/details?id=com.escapistgames.starchart)

•  For additional software choices, Google “star chart apps.”




CHAPTER THREE

ROCKIN’ ‘N’ ROLL IN’ EARTH

Earth’s rotation and yearly revolution around the sun cause the stars to rise, set and drift westward with the changing seasons. In this chapter we explore these motions, discover what makes the North Star special and learn why the planets, moon and sun all travel the same highway in the sky. And did you know we all have a built-in measuring stick to help measure distances across the sky?


ACTIVITIES

•  Sense the Earth’s revolution around the sun by watching a bright star in the eastern sky climb higher with each passing week (here).

•  Pop open an umbrella, tilt its “axis” north and spin it to better understand how stars circle about Polaris, the North Star (here).

•  See if you can tell the difference in the altitude of familiar constellations the next time you travel a long distance north or south of home (here).

•  Practice measuring distances in degrees across the sky using your fingers and fist (here).



Astronomy involves lots of moving parts, but if you understand how the Earth moves, the night sky will make a lot more sense. Earth spins on its axis once every 24 hours with respect to the sun. The axis is tilted 23.5°—seen from afar, our blue planet is a sphere listing 23.5° like a ship that’s taken on water. A sailboat will straighten up after a turn, but Earth maintains the same tilt throughout its orbit. Other planets have axes tilted anywhere from near zero for Mercury—spins straight up and down—to 97° for Uranus (spins on its side) to 177° for Venus (or backwards compared to the other planets).

Earth’s ceaseless west to east rotation exposes new stars at the eastern horizon, lifts them above the treetops, ferries them west and puts them to bed at the western horizon. Likewise the sun, moon and planets. Night after night after night.
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Earth revolves around the sun on an axis tilted 23.5° to the plane of its orbit, causing the northern hemisphere to tilt toward the sun in summer and away from it in winter. On the first days of spring and fall—called the vernal and autumnal equinoxes—Earth is broadside to the sun, and day and night are of equal length across the globe. Not to scale. Photo credit: Starry Night
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The speed at which you spin varies according to latitude, the distance north or south of the equator. An object at the equator spins at over 1,000 mph (1,609 kph); one at mid-northern latitudes at around 750–800 mph (1,200–1,300 kph). At the poles, your speed is 0 mph. Photo credit: NASA with additions by the author

Ancient peoples had no clue Earth rotated, so they took celestial movements at face value and concluded all the heavenly bodies must be moving around a static Earth at the center of everything. That’s exactly what it looks like, so we really can’t blame them. If we could only feel Earth’s whirl, we’d have known long ago about the real cause of the sun and stars’ apparent movement. We can’t feel the planet’s spin because everything around us is being carried along at the same speed: relative to each other, your chair, the couch and that tree outside the window. For the same reason, cups and carts don’t bounce off the walls of an airplane traveling at 550 mph (885 kph).

Earth spins a hair faster than 1,000 mph (1,609 kph) at the equator or nearly twice as fast as a typical jet. Let’s magically stop the planet from spinning for a moment. What would happen? A sudden brake on its rotation would send everything not bolted to bedrock through the air in a terrifying tsunami of buildings, trees, people and cars. The deceleration alone would pulverize most common materials, essentially ending civilization as we know it.

If the headlong flight of everything around you didn’t do the trick, wind and water would take care of everything else. The atmosphere also shares in the Earth’s rotation; not attached to anything, it’s free to move. Stop the Earth and suddenly supersonic winds would claw away at what little is left standing.

Now you can see why the illusion of rest is so persuasive.

I get it, you’re saying. Earth rotates. Stars rise and set. Not too complicated. Let’s take it up a level then and look at Earth’s revolution around the sun. With regard to the distant stars, our planet completes one orbit around the sun every 365 ¼ days (one year), buzzing along at 18.5 miles (30 km) per second. Every time the clock tower announces the hour, you’ve crossed another 66,600 miles (107,182 km) of space.
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Earth’s west to east spin causes stars to rise in the east, cross the sky and set in the west. In a time exposure photo, stars are drawn out into long trails as they climb from the eastern horizon. Every night, stars rise four minutes earlier (and set four minutes earlier in the west) as Earth plies its orbit around the sun. Photo credit: Bob King
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During our yearly orbit of the sun, the direction we face at night slowly changes week to week and month to month. In January, we face Orion at nightfall; in March, it’s Leo and in May, Scorpius. Our speedy travel causes the stars to drift westward one degree, or four minutes of time, per day. This more gradual “seasonal shift” is superimposed on the daily rising and setting of the stars caused by Earth’s rotation. Photo credit: Bob King


ACTIVITY: Here’s a fun experiment. Pick a bright star low in the eastern sky and check its position from the same spot in your yard at the same time over the coming week. You’ll soon notice something strange. The star rises higher and higher with each passing night. If you were to turn around and select a star near the western horizon, it would drop lower and lower during the same week.



Every night, the stars rise 4 minutes earlier than the night before because our planet moves steadily along its orbit, slightly shifting our viewpoint on the sky. Time adds up. After a week, 4 minutes become 28, and after a month, stars rise fully 2 hours earlier than the month before. That’s why constellations—and any planets that happen to be in them—climb higher in the east over time, while planets and constellations in the western sky creep toward the western horizon.
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In this long-time exposure, the North Star barely moves because it stands directly atop Earth’s north polar axis. The other stars show trails of varying length depending on how far they are from the North Star. The trails are a reflection of Earth’s ceaseless turning night and day. A meteor appears at upper right. Photo credit: Bob King

As Earth zips along its orbit, our view of the constellations constantly changes the same way an athlete in a running race passes different faces in the cheering crowd during a lap. Assuming no one gets up to leave, the runner sees the same faces repeat in a regular pattern during each lap. Earth’s “running track” is 584 million miles (939.8 million km) in circumference. Dashing along at 18.5 miles (30 km) per second, our planet completes one lap in a year’s time. At nightfall in winter, we face Orion the Hunter, Gemini the Twins and Taurus the Bull. Come spring, we’ve “rounded the corner” and face Leo the Lion, Virgo the Virgin and Corvus the Crow at nightfall. In fall, Pegasus cheers us on and in winter, Orion again. One year later, we arrive back where we started, and begin another lap in a race that has no end in sight.

Earth’s revolution causes the seasonal drift of the constellations, a leisurely affair compared with the daily whisking of the entire starry sphere around the planet that happens with every rotation. We see the drift in the slow succession of stars as one family of constellations after another comes to dominance with each passing season.

Understanding this drift makes it easy to answer a commonly asked question: Why can we see Orion only in winter? In January, Earth faces in Orion’s direction during the evening hours. By April, we’ve traveled 6 million miles (9.65 million km) farther along our orbit and face a different direction in space toward Leo and Cancer. Orion’s still there, but he’s off in the southwestern sky and will soon depart the scene. Come June, after Earth has completed even more of its orbital track, Orion sets in the west at the same time the sun does. If you guessed it’s no longer visible because it’s only up during daylight hours, you’re right!

We must be patient for Earth’s orbital motion to return the constellation to the dawn sky in August and ultimately ferry it back into the evening by November.

One of the most enjoyable aspects of skywatching are the associations we instinctively make between stars and seasons, much as those we make between seasons and wildlife. Vega is one of the stars that compose the Summer Triangle, a famous asterism (star pattern) that stands high in the southern sky on balmy August nights. The sight of it promises spring.

Associations we make with stars and planets, both seasonal and personal, are many and meaningful. We delight at the sight of the first flowers as Virgo’s Spica glimmers in the east. Orion means icicles and the anticipation of an arctic blast.
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The spinning Earth resembles a twirled umbrella with the shaft playing the part of Earth’s north polar axis. Notice that as the umbrella is spun, Polaris remains stationary while the “stars” on its underside circle about the axis. Photo credit: Bob King


ACTIVITY: To help picture how stars circle the north star, pop open an umbrella and imagine the handle as the Earth’s axis and the inside of the open cap as the northern sky. We’ll make the center of the umbrella, where the shaft meets the cap, our imaginary Polaris. For the full effect, stick pieces of duct tape inside the cap to represent stars. Now spin the umbrella. What do you see? Polaris stays put as the sticky stars turn in circles about it. Substitute the southern pole star, Sigma Octantis, for Polaris and the same demonstration applies.



All this reveals itself to skywatchers who make friends with the stars.

Now that you’ve seen how two earthly motions—rotation and revolution—literally make the sky go round, let’s pay a visit to a very special star, Polaris, better known as the North Star. Recall Earth’s axis again, that imaginary line spearing the planet through its poles. If you follow the north end of that axis straight out into space it points almost directly at Polaris, the brightest star in the Little Dipper. Because the axis remains resolute in its pointing direction no matter where Earth is in its orbit, Polaris stays in one spot in the sky. As the Earth turns, the North Star remains nearly stationary at the sky’s North Pole, while the other stars in the northern sky slowly circle around it like dancers around a solstice bonfire.


ACTIVITY: Have you ever cheated the seasons? On a summer evening, the Milky Way, Summer Triangle and the constellations Scorpius the Scorpion and Sagittarius make their appearance at nightfall—all groups we associate with the season. If you stay up late, Earth’s rotation shuttles those summer constellations off to the west and replaces them with brand new, shiny fall constellations in the east. Stay up until dawn and you’ll even see Orion put in a brief appearance before he’s claimed by the growing twilight. Earth continues turning through the night. At night’s onset, the summer sky shines, but 10 hours later, we’ve spun round to see the first signs of winter, like peering into the proverbial crystal ball to see what the future holds.
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If we extend Earth’s imaginary axis into space, the north polar axis points to Polaris, the North Star. The south polar axis points to the southern polestar, a faint star named Sigma Octantis in the far southern constellation Octans the Octant. Photo credit: Bob King

The closer the star to Polaris, the smaller the circle it makes. Stars farther away describe bigger and bigger circles until they become so big that part of that circle gets cut off by the horizon, causing the star to set and later to rise again. Stars and constellations that are close enough to the North Star to circle it without ever touching the horizon are called circumpolar and remain visible all night long.

There’s an intimate relationship between the North Star and your latitude. Its height above your local horizon matches your latitude. Latitude is the distance north or south of the equator measured in degrees from +90° at the North Pole to 0° at the equator to –90° at the South Pole. Minneapolis happens to lie at 45° north latitude, midway between the North Pole and equator, so Minneapolitans always see the North Star exactly midway between the horizon and the zenith. Can you guess where it would be if you took a trip to the North Pole? Yes—directly overhead! How about the equator? Slumbering on the northern horizon. You can simulate any latitude you like by tipping your umbrella at whatever angle you choose. Once you travel below the equator, however, Polaris sinks below the northern horizon and can no longer be seen.
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As seen from the North Pole (left), Polaris is directly overhead and all stars describe circles parallel to the horizon. No star sets or rises—all are circumpolar. From mid-latitudes, only stars near the North Star are circumpolar. The others describe circles that get cut off by the horizon, causing them to rise and set. Photo credit: Bob King

If you’re wondering whether there’s a southern pole star, there is! Called Sigma Octantis, it’s a faint star in the constellation of Octans the Octant (an instrument used in navigation) poised above the end of the south polar axis. Skywatchers in the southern hemisphere often use the Southern Cross as a pointer to find this dim spark.

Your latitude also determines which stars are circumpolar. Let’s return to Minneapolis with Polaris midway up in the northern sky. Stars and constellations within 45° of the North Star wheel are circumpolar, wheeling around it without ever touching the horizon (setting). The Big Dipper and familiar “W” of Cassiopeia are circumpolar for Minneapolis as well as much of the United States and Canada. Beyond 45°, stars spend varying amounts of time below the horizon before rising again. Stars that are distant from the North Star, such as the ones you see in the southern sky, spend as much time out of view below the horizon as they do above.

Let’s head farther north to the Canadian Arctic, where Polaris shines down from much higher up. You can simulate this by tilting your umbrella closer to straight up and down. From higher latitudes, even more stars become circumpolar. When we make the final push to the North Pole, Polaris beams down from overhead and every star is circumpolar. Not a single one rises or sets; they all go around in concentric circles parallel to the horizon.

Because no star rises or sets at the poles, polar skywatchers are stuck with the same stars for life. Rotation and revolution still make the stars turn in circles, but they never expose new constellations to view. The stars you see tonight will be the same ones you see tomorrow, next season and next year.
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This panel shows two views of the sky from two different locations, Chicago, III. and Key West, Fla. in late May at nightfall. From Chicago, the constellation Corvus the Crow is visible low in the southern sky. From Key West, 17° farther south, Corvus is not only higher up, but the Southern Cross pops over the southern horizon. The bottom panel shows the view facing north, where the “W” of Cassiopeia shows in Chicago but lies below the horizon for observers in Key West. Diagram: Bob King, Source: Stellarium

Remember Polaris sinking to the northern horizon on our imaginary voyage to the equator? If you live in the northern hemisphere and drive south, Polaris and the northern circumpolar stars descend lower into the northern sky like watching your hometown recede into the distance in the rearview mirror. Meanwhile, stars below the southern horizon that were forever blocked from sight from your home climb above it, rising incrementally higher with every mile of travel. Live in New York (latitude 40.7° north) and want to see the Southern Cross? Make a trip to Key West, Florida (latitude 24.6° north) in spring and look south toward Cuba at nightfall, where the kite-shaped constellation shimmers in the tepid Gulf air.

If you continued traveling south, the Cross would climb higher and higher in the southern sky, as would a host of other constellations not visible from mid-northern latitudes: Volans the Flying Fish, Musca the Fly and many more including Alpha Centauri, the closest star to Earth after the sun. Once you crossed the equator, Sigma Octantis would put in an appearance just above the southern horizon.

Meanwhile, the northern constellations at your back are slipping ever lower in the northern sky. Polaris drops out of sight at the equator, and all the familiar constellations that were once in your southern sky have moved past the zenith and into the northern sky. To view them, you must turn around, and when you do, you might be surprised to see that they’re now all upside down. No question about it: Travel will broaden your perspective whether it be of food, people or stars. Don’t feel bad if you never see the Southern Cross; Aussies never see the Big Dipper either. Down Under lurks a sky as unfamiliar to most northerners as the Up Over version is to Aussies and South Africans.

You can also choose to travel north, but if you live in the mid-northern latitudes of the United States, Canada and Europe, you won’t see any new stars for your effort. You’ll only lose stars in the southern sky as they disappear one by one below the southern horizon the farther north you go. Meanwhile, stars in the north that you’d ordinarily have to wait to see, rise earlier and set later as Polaris climbs even higher. Why? Because Polaris is as far north as stars can go; it’s south everywhere from there. Continue your poleward journey and more and more stars become circumpolar until you reach the North Pole itself, where every star is.

Just so we have our bases covered, traveling east or west in longitude makes no difference in the sky except to change the rising and setting times of the stars. Let’s say there are two observers looking at the sky from two cities with the same latitude but different longitudes. Cincinnati and Denver, both at +39° north, make a good pair. When it’s 10:00 p.m. in Cincinnati, it’s 8:00 p.m. in Denver. The Cincinnati observer sees the sky two hours ahead of the one in Denver, so the stars are shifted two hours to the west. Meanwhile, the Denver observer has to wait an additional two hours for the rotating Earth to bring those stars to the same positions seen earlier in Cincinnati. Nobody sees any new stars, just the same set shifted by time one way or another depending on your longitude.
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This diagram illustrates a few key concepts that will come in handy as you find your way around the sky: the overhead point or zenith, the meridian, the altitude of a celestial object and its azimuth or compass position. Photo credit: Starry Night

To summarize, Earth’s west-to-east spin causes the stars to appear to move east to west during the night. Superimposed on that motion is the seasonal drift of the stars caused by Earth’s revolution around the sun. Finally, our planet’s axis points make the North Star—and its southern counterpart Sigma Octantis—“pivotal points” in the sky around which the other stars appear to turn. You’ve got this.

As you get acquainted with the sky, understanding basic directions and distances will help you find your way around. A celestial object reaches its greatest altitude in the sky when it crosses the meridian, an imaginary line starting at the due south point of the southern horizon that passes through the top of the sky and then meets the horizon again at the due north point. Stars begin their course of the sky low, achieve their greatest height at the meridian and then decline in the west. Circumpolar stars cross the meridian twice: once above the North Star, when they reach their greatest altitude and a second time when they cross below the North Star and appear lowest in the sky.

Just as we learned that compass directions are marked off in degrees of azimuth with 0° for north and 180° for south, so too are the sizes of celestial objects and the distances between them measured. Both the moon and sun measure ½° across, the reason the moon fits so nicely over the sun to make a total eclipse. If you thrust your arm to the sky and stick out your pinkie, it covers 1° or two full moons of celestial real estate. When Venus and the crescent pair up in an eye-catching conjunction, they’re about 1°–5° apart.
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Your hand makes a useful tool for marking off distances in the sky, essential for star-hopping from one constellation to the next. Your pinkie held at arm’s length covers one degree of sky (two side-by-side full moons), while a fist held at arm’s length spans 10° or about the width of the bowl of the Big Dipper. Photo credit: Starry Night


ACTIVITY: Hold three fingers together at arm’s length against the sky—that’s 5°, or the distance between the two stars at the end of the Big Dipper’s bucket. When hopping from one constellation to the next, you can scale up to a balled fist. One fist equals about 10°. Degrees are further subdivided into arc minutes the same way you can slice a pizza into ever-narrower slices. 1° equals 60 arc minutes and 1 arc minute spans 60 arc seconds. Mars gets no larger than 26 arc seconds, which is why you need a telescope to distinguish its shape and see details on its surface. Even the best eyes can only make out the shape of a celestial object down to about 1 arc minute. While this is as big as Venus gets in our sky, few have ever seen its shape without resorting to binoculars.
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As Earth orbits the sun in the course of a year, the sun appears to describe a great circle around the sky called the ecliptic. We’re really just seeing a reflection of Earth’s orbit—the sun’s not moving at all! The ecliptic passes through the 12 zodiacal constellations familiar from the daily horoscopes. Below: The rise and dip of the sun’s yearly path (ecliptic) is a reflection of the 23.5° tilt of Earth’s axis, which causes the sun to stand highest in the sky in summer and lowest in the winter. Photo credit: Bob King
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In February 2016, the five naked-eye planets were all visible simultaneously in the morning sky. Because we live in a fairly “flat” solar system, where the planets and moon travel in nearly the same plane as Earth’s orbit, you’ll always find them near the ecliptic among the 12 constellations of the zodiac. They often pass by one another in their travels, pairing up in striking “conjunctions.” Diagram: Bob King, Source: Stellarium

I encourage you to familiarize yourself with fists and fingers—we’ll be using these most useful body parts to navigate our way around the constellations in future chapters. You’ll also find them handy (excuse the pun) when pointing out stars and planets to family and friends. If you start at a bright, familiar star, you can use your fist to measure off distance and direction to fainter stars, a skill that will expand your “life list” of constellations over time.

Each year, Earth completes one circuit of the sun. If you shoot a line from Earth through the sun to the background beyond, it traces out a great circle in the sky called the ecliptic. From Earth, we “see” the ecliptic as the sun’s yearly path through the sky. If we could remove the atmosphere, so that stars would show in a dark sky even in daylight, we’d see the sun cycling along the ecliptic in front of the same background constellations year after year.

Because the sun “walks” through them each year the way we might take the same route home from school or work, they’re special. We call them the zodiac constellations. In ancient times, the stars along the zodiac—a belt of sky about 8° wide on each side of the ecliptic—were divided into the 12 constellations with names familiar to many: Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, Scorpius, Sagittarius, Capricornus, Aquarius and Pisces.

Luckily for skywatchers, the solar system is almost as flat as Florida with all the major planets including our moon orbiting the sun in nearly the same ecliptic plane as Earth. So while the planets do wander, like the sun, they always cycle through the zodiac constellations along the ecliptic. The word “ecliptic” derives from “eclipse,” by the way. The moon’s orbit is tipped about 5° to the plane of the Earth’s orbit; as it cycles around the planet it crosses the ecliptic twice, once going north and a second time going south. Eclipses occur when the moon is caught at one of these crossings when either new (solar eclipse) or full (lunar eclipse). When multiple planets are splayed across the sky all at once as occurred in early 2016 and will again at dawn April through June 2022, it’s easy to visualize the ecliptic as the celestial equivalent of an interstate highway with plenty of planetary traffic.

Now that we’ve learned how Earth’s tilt, spin and revolution affect our view of the starry sky, let’s dive into the constellations.


CHAPTER FOUR

DIVE INTO THE DIPPERS

Sample a bit of constellation history and then meet the Great Bear and his cohorts Cassiopeia, Cepheus and Draco. Learn the meaning of a light year, the magnitude scale for measuring star brightness and discover what makes planets different from stars.


ACTIVITIES

•  Find the Big Dipper (here), Little Dipper (here), North Star (here) and the “W” of Cassiopeia (here).

•  Find Gamma Cephei and Gamma Cephei B, a star 1,650 times bigger than the sun (here).

•  Test your vision by finding the Lozenge (here).



In this and the following chapter I’ll rate the ease of viewing each featured constellation on a scale of 1 to 5, with 1 being the brightest and easiest to see and 5 the faintest and more challenging. Start with the easy ones and then use them to guide your gaze to the fainter groups. When using the star maps, the bigger “dots” represent brighter stars and tiny dots faint ones.

Ursa Major the Great Bear

Best visible: January–August. Degree of difficulty: 1

Ask someone to name the most recognizable constellation in the northern hemisphere and chances are it will be the Big Dipper. Followed by Orion. Followed by everything else. Almost everyone has either seen the Big Dipper or can quickly recognize it when it’s pointed out under a dark sky. It doesn’t hurt that it gets lots of face time with skywatchers. Because the figure is circumpolar or nearly so from mid-northern latitudes, it’s visible at some time during the night every night of the year. But here’s a suprising fact: The Dipper isn’t a constellation at all. Astronomers call it an asterism, a group of stars that form a bright, easily recognizable pattern. Arranged around the Dipper are the head, legs and paws of a much larger figure, the Great Bear or Ursa Major.
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The Big Dipper is an easily recognizable star pattern called an asterism and part of the larger constellation Ursa Major the Great Bear. From mid-northern latitudes, it’s circumpolar and visible every night of the year. Photo credit: Bob King

Ursa Major is one of 88 constellations recognized across the night skies of both northern and southern hemispheres. Constellations are mostly happenstance alignments of relatively nearby stars unconnected with one another. All are too far away for us to sense their varying distances and so they appear like dots connected on paper; flat and two-dimensional. If we could rocket far into space and see a constellation’s stars from a different side, they’d form a totally different pattern.

Some 48 of the 88 have been passed down to us from Babylonian times through the ancient Greeks and Romans. When those empires fell, the Arabic peoples preserved those figures and added names and asterisms of their own. In the modern era, during the European Age of Exploration from the early 15th to the 17th century, sailors and astronomers invented new figures such as Pavo the Peacock and Dorado the Goldfish in the never-before-seen stars of the southern hemisphere. Astronomers and celestial mapmakers went a step further and created additional constellations between the bright, ancient constellations. Some were named for exotic animals or locales; others commemorated the hi-tech of the times. Witness Fornax the Chemical Furnace and Telescopium the Telescope.

Some of those survived to current times, others fell away. Bufo the Frog, Noctua the Owl and Testudo the Turtle were never widely recognized and quickly became obsolete. I miss them to this day—I’d gladly sacrifice Antlia the Air Pump to have Noctua back in the stellar lineup. Every constellation has a story. Many of the original 48 commemorate gods, heroes and important animals. Eight of the twelve zodiac constellations are either animals or half-animal, half-human hybrids. The word zodiac contains the same root as the word “zoo” and means “circle of animals.”
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There are 88 officially recognized constellations. Forty-eight of them were known to the ancient Greeks and represent people and animals from Greek and earlier mythologies. New groups were added during the 16th and 17th centuries by European astronomers and celestial cartographers. Source: Stellarium

The biggest complaint I hear about constellations is that they don’t look like what they’re supposed to represent. There are a couple reasons for this. First, we often don’t see the fainter stars that help to build a more realistic figure because of light pollution. Ursa Major is a perfect example. The seven bright Dipper stars barely resemble a bear, but take in the surrounding fainter stars, and it’s not a bad likeness. The people who invented these stick figures lived under dark skies their entire lives. Second, they did the best they could with what was available, using imagination to fill in the rest.

That said, some constellations really do look like their names: Draco the Dragon, Delphinus the Dolphin and Scorpius the Scorpion come to mind. Others, like Aquarius the Water-Carrier and Aries the Ram must be taken on trust. Ursa Major, when seen in its entirety—legs, two-toed claws and a handle transformed into a tail—does evoke a bear and a large one, too. Ursa Major is the third biggest constellation.
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As Earth orbits the sun, all the constellations shift with the seasons including those near the North Star. In winter, the Big Dipper stands on its handle in the northeastern sky. In spring, it’s nearly overhead, while in summer, the asterism shifts to the northwestern sky. Come fall, the Great Bear pads among the treetops low in the northern sky. The “Pointer Stars” in the bottom of the Dipper’s bowl always point to the North Star. Diagram: Bob King, Source: Stellarium


ACTIVITY: As a circumpolar group, the Dipper circles around Polaris day and night. In winter, it performs a “tail-stand” on its handle 2–3 fists high in the northeastern sky as if eager to return after fall “hibernation” at the bottom of the northern sky. If you check the Dipper’s position through the long night, you’ll see how Earth’s rotation “lifts” it higher and higher until it’s overhead in the wee hours, before beginning its descent in the west by dawn. As always, you have another option for watching the Dipper turn. You can allow for Earth’s revolution around the sun to slowly raise the Dipper stars higher and higher night by night and week by week. In April, the bear stands almost overhead at nightfall. In August, it wheels over into the northwestern sky and stands about 3–4 fists high. And when the leaves redden and fall, Ursa Major returns to its den along the northern horizon. This delightful cycle provides us with many opportunities to pick out the bruin’s full outline.
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Brighter Mizar and its companion Alcor, located in the bend of the Dipper’s handle, make a superb naked-eye double star. If you can split them with relative ease, your eyesight is good. If you can’t, you might need glasses. Diagram: Bob King, Source: Stellarium

Horse and Rider

Best visible: March–April. Degree of difficulty: 3

Each of the stars in the Dipper has a proper name, as do many of the brighter stars in the sky. Most named stars derive from Arabic descriptions (or corruptions thereof) of constellation parts; the Dipper’s no exception. Let’s take a closer look at Mizar (MYE-zahr), located in the bend of the handle. Its name originally meant “groin” in Arabic. If you have good eyesight, you’ll spot Mizar’s fainter companion star, Alcor, snuggled up close. Together they make a true double star, each physically connected to the other by gravity and revolving one about the other.

They’re also known as the “Horse and Rider,” another description from Arabian star lore, and a lively metaphor for their appearance. Since ancient times, the pair has long been a test of vision. Alcor also features in a Latin saying used in medieval times: Vidit Alcor, at non lunam plenam or “He saw Alcor but not the full moon,” meaning a person who gets caught up in minutia and misses the obvious.
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Because celestial objects are so far away, astronomers abandon miles/kilometers and instead describe distances using the light-year. One light-year is the distance a beam of light travels over a year’s time moving at 186,000 miles (300,00 km) per second. Since a year has 31,536,000 seconds, one light-year comes to nearly 6 trillion miles (9.6 billion km)! Photo credit: Bob King with images from NASA/ESA

If our eyes could zoom in close like a million millimeter telephoto lens, we’d see that Alcor itself is a double star and Mizar quadruple—six stars in all! Mizar, along with Alioth, Megrez, Phecda and Merak are moving through space together as a loose cluster of nearby stars called the Ursa Major Moving Group. All lie about 80 light-years from Earth. Dubhe and Alkaid are unrelated to the group. Although they appear in the same line of sight as the other Dipper stars, they travel through space in completely different directions. The movements of all seven stars as they orbit about the center of the Milky Way galaxy will distort the Dipper’s shape over time, making it unrecognizable in the distant future.

Because stars lie so incredibly far away, using miles as a yardstick makes for too many zeroes. Astronomers prefer the light-year instead, the distance a beam of light travels in one year moving at 186,000 miles (299,338 km) a second. One light-year amounts to about 6 trillion miles (9.65 trillion km). That’s a lot of miles by human standards but only a tiny step when it comes to the stars. Alpha Centauri, the closest star system beyond the sun, lies 4.3 light-years or nearly 26,000,000,000,000 miles (41.8 trillion km) away. See what I mean about those zeroes?

The moon’s much closer, just 1.3 light seconds distant, while the sun lies 93 million miles (149.6 million km) or 8.3 light minutes away. If a catastrophe were ever to happen to our home star, we’d be in the dark for 8.3 minutes until the light arrived to bring us the bad news. Sirius shines so brightly not only because it’s 26 times brighter than the sun but also because it’s a mere 8.6 light-years away. One of the most distant bright stars visible with the naked eye is Deneb in the Northern Cross, which is located at least 1,400 light-years from Earth. The next time you happen to see it, consider that the light touching your retina left the star around 600 A.D., not long after the fall of the Roman Empire.

Ursa Minor the Little Bear

Best visible: All seasons but the bowl stands highest from mid-spring through late summer. Degree of difficulty: 3


ACTIVITY: Good thing the Big Bear’s not far from the Little Bear. We can use the “Pointer Stars,” the two stars at the end of the Dipper’s bowl, to point us to Polaris, a suitable landing spot from which to navigate the rest of the Little Dipper. Measure off about three outstretched fists in the direction of the Pointers and you’ll arrive at Polaris, which sits at the center of the northern sky and marks the tail end of the Little Dipper. The constellation is also known by its Latin name, Ursa Minor (Little Bear), and cuts a far fainter figure than Ursa Major, hence the greater level of difficulty. Perhaps because of its fame, many first-time observers expect the North Star to be the brightest star in the sky. Far from it—try 48th brightest.



What Polaris lacks in brilliance it more than makes up for in position, occupying the pivotal point in the northern sky around which every star north of the equator appears to circle. Polaris shines at magnitude +2, equal to the stars of the Big Dipper, and like its bigger sibling, can be spotted from the suburbs. The same can’t be said about the rest of the constellation. Fourth magnitude stars compose the handle, requiring a dark sky to ferret out. There’s some relief when you reach the bowl—Kochab (KO-kab) shines as brightly as Polaris, while its neighbor Pherkad (ferk-AHD) glimmers at one magnitude fainter. Together they form the small asterism known as the Guardians of the Pole.
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This map shows the sky looking north around 9:00 p.m. in early September and highlights the Big and Little Dippers, Cassiopeia the Queen and Cepheus the King. Look for the Garnet Star, one of largest naked-eye stars in the sky, three fingers to the east (right) of Alpha Cephei. You can always find Polaris, the North Star, by extending a line through the Pointer Stars at the end of the Dipper’s bowl. Diagram: Bob King, Source: Stellarium

A Matter of Some Magnitude

Let’s use the relative faintness of the Little Dipper to explore the concept of magnitude, an astronomical term to describe the brightness of a celestial object. The magnitude system was developed around 129 B.C. by the Greek astronomer Hipparchus, who created one of the earliest catalogs of the stars. He called the brightest stars “first magnitude” because they looked biggest and brightest to the eye. The next levels included the stars that weren’t quite as bright, from second magnitude all way down to sixth magnitude, the faintest stars Hipparchus could see. Before electric lighting became widespread, anyone with good vision and clear skies could routinely see stars down to sixth magnitude. Since most of us now live near cities, the average limiting magnitude—the faintest star you can see—is closer to third or fourth magnitude. City dwellers are lucky if they get past first!

The difference between one magnitude and the next varies by a factor of 2.5, so a first magnitude star is 2.5 times brighter than a second magnitude and 2.5 x 2.5 x 2.5 x 2.5 x 2.5 or about 100 times brighter than a sixth. With the invention of the telescope, Galileo expanded the magnitude scale beyond the six naked-eye levels to around ninth magnitude, and the Hubble Space Telescope can reach thirtieth magnitude.

On the other end of the scale, as the science of astronomy matured, astronomers realized that the brightest stars aren’t all equally bright, something obvious to even the casual skywatcher. Some are brighter than others. With nowhere to go but “negative territory,” they extended the scale from first magnitude to zero and into negative numbers.
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We use the magnitude scale to measure a star’s brightness. With the naked eye on a dark, moonless night, we can see stars as faint as magnitude 6. The brighter the star, the smaller the number, so a first magnitude star is much brighter (100 times!) than a sixth magnitude star. The brightest stars have negative magnitudes. Photo credit: Bob King

On the modern magnitude scale, Mars shines anywhere from magnitude +2, about as bright as the North Star, to magnitude-3, brighter than Sirius (magnitude -1.5), the brightest star in the sky. Its brightness varies dramatically as its distance from Earth changes from far to near. The brightest planet of all is Venus, which can soar to -4.9. For comparison, the full moon peaks at -13, topped only by the sun at -27. The typical faintest stars visible from the countryside are magnitude +6. All told, there are some 9,096 stars visible across the world year-round under dark skies with the naked eye. I know the sky looks powdered with ten times that number when you’re out camping in a dark place, but that’s the official tally.

Although counterintuitive, the bigger the negative number, the brighter the planet or star, and the bigger the positive number, the fainter. Sure it’s a little crazy, but I trust you’ll have it down after a few tries. An object’s brightness has much to do with its distance from Earth. Even small objects such as planets, the moon or an intrinsically faint star can look bright if close, while a brilliant supergiant star hundreds of times brighter than the sun can appear faint simply because it’s far away. When viewing maps and charts depicting stars and constellations, keep in mind that the bigger the “dot,” the brighter the star.

Polaris is a great example of how distance deceives. The star, a yellow supergiant 45 times larger and 2,500 times more luminous than the sun, appears perfectly ordinary because it’s 430 light-years from your front door. At a quarter of that distance, it would be one of the brightest stars in the sky.


ACTIVITY: The polestar and its cohorts never set until you get down to about 20° north latitude (southern Mexico, Central America), where Pherkad briefly dips below the northern horizon in winter. Otherwise, any night you feel like Little Dipper watching, have at it. Use the Pointers to guide you to Polaris and the map to trace out the Little Bear’s delicate form. A quick rule of thumb—the Dippers “pour” into one another. In spring, when the Big Dipper bowl is up high, it’s “pouring water” into the open Little Dipper bowl below it. In fall, they switch roles.



Before we leave the cub and mother, let’s visit with Kochab, which also goes by the name Beta Ursa Minoris. The Greek alphabet was introduced by the German celestial cartographer Johann Bayer to name the brighter stars of the constellations. Polaris also goes by Alpha Ursa Minoris. Generally speaking, the brightest star in each constellation gets the “alpha” designation, the second brightest “beta,” the third “gamma” and on down the line.

Most stars appear white to our eyes because they’re too faint to stimulate the cone receptors responsible for color vision. But Kochab belongs to a select group that displays obvious color. While not nearly as intense as ruddy Betelgeuse in Orion, look carefully and you’ll notice its reddish-orange tint. This unassuming star is an orange giant 42 times larger than the sun and 450 times more luminous, located 131 light-years from Earth.

Cassiopeia the Queen

Best visible: August–February. Degree of difficulty: 1


ACTIVITY: Almost everyone can find the “W” of Cassiopeia the Queen. Even if you’ve never seen the constellation before, all I’d have to do is point skyward and ask, “See that zigzag of five stars?” and you’d recognize it instantly. Return to the Pointer Stars and shoot a line to Polaris again, but instead of stopping, keep going almost another three fists, and you’ll run right into it.



Named for the vain queen in Greek mythology who boasted of her beauty—and got her daughter Andromeda in big trouble for it (more on that later)—she makes her first evening appearance in the northeastern sky in July. By December, you have to look nearly overhead to admire the queen’s beauty. When you do, you’ll see that the “W” has flipped over to become an “M.”

Cassiopeia sits smack dab in the middle of the Milky Way, a hazy ribbon of light that encircles the entire sky one hemisphere to the other. Its smoky appearance hides the fact that billions of stars reside there, most so distant and faint that their light blends into a continuous luminous haze. Star clusters and glowing shells of gas called nebulae punctuate its starry depths. Skywatchers equipped with binoculars will find the “W” a fertile hunting ground for exploration on late fall nights when the queen rides high.

Keep your eye on Gamma Cassiopeia, the star at the center of the “W.” It’s surrounded by hot, flattened disks of glowing gas and given to eruptions that can cause the star to brighten and fade from first to third magnitude. Right now, it’s stable at +2.2, but who knows when it might flare up again?

Much as the climbing Big Dipper reminds us spring is on the way, the “W”’s return to the northeastern sky at nightfall hints at the coming of fall.
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Like the Big Dipper, Cassiopeia changes orientation throughout the year (or during the course of a long night). it’s a zigzag in spring and fall, an “M” in winter and a “W” in summer. Diagram source: Bob King, Source: Stellarium

Cepheus the King

Best visible: June–December. Degree of difficulty: 3

Cepheus (SEE-fee-us) the King occupies the royal throne at the queen’s side between the Little Dipper and Cassiopeia. Five dim stars arrayed in a pentagonal outline remind me of a house a child might draw. Cepheus is overlooked by many skywatchers because its stars are fainter than Cassiopeia’s. It wouldn’t be the first time a king is overshadowed by his queen.
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Stars range from city-size neutron stars to red supergiants such as the Garnet Star with a diameter some 1,650 times that of the sun. Put in place of our sun, the surface of this bloated beast would reach nearly to Saturn! Photo credit: Dave Jarvis - Wikipedia with additions by the author


ACTIVITY: To pay his royal highness homage, start again with the Pointer Stars and continue one fist beyond the North Star to the first obvious star. That’s Arrai (Gamma Cephei), a third magnitude star that forms the peak of the pentagon. Two fists to the south in the direction opposite Polaris, you’ll spot brighter Alderamin. Now connect the fainter dots to form the pentagon. Take a good look again at Arrai. Hidden within its glow and visible only in the mind’s eye is a massive Jupiter-like planet named Gamma Cephei B that orbits its host star once every 2.5 years. It’s one of more than 3,400 extrasolar planets discovered as of mid-2016.



Once you’ve found Cepheus, you’ll also want to pay a visit to the Garnet Star, an ordinary looking point of light that’s worth seeing if only to imagine its enormity. Also known as Mu Cephei, this star is a red supergiant (similar to Betelgeuse in Orion) and one of the largest and most luminous stars in the entire galaxy. Sure, it doesn’t look impressive at fourth magnitude, but that’s because it’s over 1,800 light-years away. If we could haul Mu to our solar system and put it in place of the sun, its surface would reach almost to Saturn. Although the color escapes the eye, a pair of binoculars will show it as a fiery orange-red ember.
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To find Thuban, first locate Polaris, then jump to Kochab at the end of the Little Dipper’s bucket. Thuban lies one fist away from the bucket toward the Big Dipper. While fainter than Kochab at magnitude +3.6, it’s not difficult to spot from suburban skies. Thuban used to be the polestar thousands of years ago when the Egyptian pyramids were built. Diagram: Bob King, Source: Stellarium

Draco the Dragon

Best visible: May-October. Degree of difficulty: 3

This constellation’s a big hit with kids and adults alike. Maybe we all have a secret love of dragons, but even If you don’t, you’ll agree this is one pattern that looks like its name.

We learned earlier that Earth’s axis points to Polaris, but around the year 2700 B.C., it aimed squarely at Thuban (THOO-ban) in Draco, which made an excellent if fainter pole star at the time the Egyptian pyramids and Stonehenge were built. For those ancient peoples, it was their North Star.
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While the Earth’s tilt remains the same, precession of its axis causes it to describe a great circle in the northern sky over a period of about 26,000 years. Long ago, the axis pointed at Thuban (former polestar); 12,000 years hence, the bright star Vega will fill that role. Diagram: Bob King, Source: Stellarium


ACTIVITY: Moonless June and July nights are ideal for dragon hunting, but other times of year work, too. Start with Draco’s tail, marked by the dim fourth magnitude star named Giausar (JAW-sahr), located not quite one fist almost directly in line with the Pointer Stars. Notice how we’ve used the Big Dipper to help us find all the circumpolar constellations. We’ll employ this strategy for each group of seasonal constellations to follow: Start with a bright, familiar group and use it to navigate to its neighbors.

From Giausar, follow a trail of similarly faint stars that wraps around one side of the Little Dipper then double back to a small trapezoid of stars that outlines the dragon’s head. The trapezoid is distinctive enough to earn the name the Lozenge, a familiar asterism of the circumpolar realm. In the spring and summer months, when Draco is seen at its best, the bright star Vega shimmers a fist and a half to the south of the Lozenge. Vega offers an alternative route for picking your way across the dragon. Start at Vega and work your way along Draco in the opposite direction back toward the Big Dipper.
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The sun is a huge sphere of incandescent hydrogen gas, like most of the stars we see in the night sky. In its core, where the temperature cooks at some 30,000,000°F (16,666,000°C), nuclear fusion generates energy which radiates outward through the radiative and convective zones until it reaches the surface tens of thousands of years later. Light from the sun reflects off planets, moons and comets, making them visible to our eyes, while its heat makes Earth happily suitable for life. Photo credit: ESO

Earth’s axis experiences a periodic wobble called precession that resembles a top slowly losing speed. One full wobble takes 26,000 years to complete. Since the axis points to the North Star like a finger, it follows that as the axis wobbles, the direction in which it points changes. Right now the north end of the Earth’s axis is aimed almost directly at Polaris, but between about 3900 and 1900 B.C., it pointed at Thuban.

After 1900 B.C. the closest bright star to the sky’s north pole was Kochab, followed by Polaris around 500 A.D. Since Polaris assumed the throne, the Earth’s axis has been steadily sharpening its aim so that the star is now less than a degree from due celestial north. Closest approach of just under a ½ degree (one full moon diameter) will happen in 2105 after which the axis will toddle in the direction of Arrai in Cepheus, a star we met moments ago. Round and round the axis goes until it returns to Thuban 26,000 years later in 20,300 A.D.

The tippy-top effect is caused by the twist-pull of the combined gravity of the sun and the moon on the Earth’s equatorial bulge. Our planet’s not a perfect sphere but instead slightly wider around the equator than around the poles. The moon and sun’s attraction on the bulge cause the axis to precess, or gyrate.

Watch for Polaris to cycle around until it arrives again where we see it today in 28,000 A.D.

Flaming Balls of Incandescent Gas

Now that we’ve met a few stars, it’s helpful to know how they’re different from planets. Stars are glowing balls of incandescent gas, mostly made of hydrogen and helium, held together by the attractive force of gravity. Within a star’s ferociously hot core, where the temperature sizzles at millions of degrees, hydrogen atoms fuse with other hydrogen atoms to create a new element, helium. During the process, energy is released, similar to how energy is produced in a thermonuclear bomb. Unlike a bomb, the sun doesn’t blow up because the tremendous weight of the gases above contains its explosiveness. Likewise, the heat and pressure generated by the energy produced in the core prevent the force of gravity from collapsing the sun. Every star’s existence depends on this balance of inner heat vs. gravity’s insistent attraction.

Nuclear fusion in the sun’s core cooks 700 million tons of hydrogen into helium with 4.4 million tons of that converted into pure energy. Every second! Yet the sun has enough material to keep on fusing elements for another 4 billion years. Small stars burn their nuclear fuel frugally and live incredibly long lives, while supergiant stars consume their hydrogen and helium so quickly, they flame out as supernovas in 10 million years or less.

If we could see inside a star’s core, it would appear black because none of the energy produced lies in the visible part of the spectrum. It all begins as deadly gamma rays. As these short, powerful pulses of light worm their way outward from the core, they release energy and transform into X-rays, ultraviolet and finally visible light and heat when they reach the surface. It’s estimated that the sunlight beating down on your back on a hot summer afternoon began its journey up to a million years ago.

The sun’s an average-size star with a diameter of 864,949 miles (1.4 million km) and a surface temperature around 10,000°F (5,500°C). Stars range in dimension from the bizarre, city-size neutron stars to red supergiants a thousand times larger than the sun. Besides producing their own light and heat from controlled burning, all stars except the sun are too far away to appear as anything more than points of light even in most of the largest telescopes. Planets on the other hand are not self-luminous—they don’t burn to produce heat and light—and typically orbit stars.


Useful Websites

•  Native Ojibwe star maps and constellations: web.stcloudstate.edu/aslee/OJIBWEMAP/home.html

•  Constellation History: modernconstellations.com/constellationhistory.html

•  What are Stars?: science.nasa.gov/astrophysics/focus-areas/how-do-stars-form-and-evolve/




CHAPTER FIVE

FOUR SEASONS OF STARLIGHT

We embark on a four-season journey across the night sky to get acquainted with the brightest constellations and asterisms. Learn how to find naked-eye double stars, star clusters, nebulae and the farthest thing you can see—the Andromeda Galaxy. Some of these sky gems are easy to spot; others will challenge your inner hunter.


ACTIVITIES

Spring

•  Open to the current seasonal star map or use a mobile phone app, head outside the next clear night and identify a bright constellation, asterism or interesting star (here).

•  Find Leo’s tail and meet the lion (here), discover the beauty in a lunar occulation (here), travel from Regulus to the cloud-like Beehive Cluster (here), scan the sky for Bootes (here) and center in on Virgo’s Cup (here).

Summer

•  Challenge yourself to find the Butterfly (here) and the double stars in Vega (here).

•  Experience the beauty of nebulae (here) and explore the Northern Cross (here).

Autumn

•  Locate Daneb and see if you can find the Dolphin (here), the Great Square (here), Formalhaut the fish (here), Algedi and Dabin (here); encounter the asterisms between Pegasus and Pisces Austrinus (here).

•  Explore Aries and find Hamal (here) and locate the Andromeda Galaxy (here).

Winter

•  Find Taygeta, Pleione and Atlas (here), the star cluster Hyades (here), the double star Theta (here), Sirius (here), Orion and Betelgeuse (here), the six-sided figure (here) and trace starry hoof prints (here).

•  Check out the Algol minimum calculator (here).



Ready to meet the rest of the starry crew? I’ve selected a mix of some of the easiest to see and historically interesting constellations visible to skywatchers from mid-northern latitudes. Seasoned observers will notice that the maps omit some of the fainter groups, especially those that never climb very far above the horizon. This was done to make the beginning observer’s task of identifying the basic constellations easier.

You use the maps much like you would a star wheel or planisphere described in Chapter Two (here). The circumference of each circle represents the 360-degree circle of the horizon around you. The center of the star map marks the overhead point called the zenith.

Each group of constellations is divided by season, starting with spring. Because of Earth’s daily rotation and yearly revolution around the sun, the stars are constantly on the move, so I’ve chosen to describe their location and appearance during mid-season, or about one month after the first days of spring, summer, fall and winter, at nightfall, the time when the sky becomes fully dark at the end of evening twilight.

A constellation’s height or altitude above the horizon depends on the observer’s latitude. The maps and descriptions are drawn and written for 40° north latitude, an imaginary east–west line that cuts centrally across the United States, southern Europe, central China and Japan. If you live in the northern United States or northern Europe, stars in the southern sky will appear a little closer to the horizon compared with the view from the southern United States. Northerners are partially compensated by better views of the northern circumpolar constellations. Southerners get to see stars in the southern sky higher up plus additional stars not visible from more northernly locales.

The best nights for constellation hunting are when the moon is either absent, low in the sky or no more than half full. A blazing moon washes the sky of all but the brightest stars, making it difficult to pick out the outlines of the constellations. That said, some people like a little moonlight for constellation study because the faintest stars, which can cause confusion for the beginner, are cleared away. A crescent or half moon provides a happy medium. For Milky Way viewing, moonless nights are best.


ACTIVITY: Select the current seasonal star map and stop outside for a look. To see what’s up in the southern sky, face south and turn the map so the south direction is at the bottom. Constellations along the circle’s edge will be low in the sky, those halfway between the center and edge will be at a convenient viewing elevation and stars at map center will be high overhead.

Now pivot a quarter turn to the right, so you face the western sky and rotate the map a quarter turn clockwise to place the west direction along the bottom. Compare the connect-the-dot patterns on the map to match the real constellations. Pivot another quarter turn to face north and turn the map once again to place north along the bottom. Do this one last time when facing east and you’ll have made a full circuit of the sky.



Spring Skies

Described for 11:30 p.m. in late March, 9:00–10:00 p.m. in late April, 9:30 p.m. in mid-May.

Winter can feel like forever where I live. Spring brings melt and mud, but the growing intensity of sunlight chases away an inner chill that’s part of daily life during times of snow and ice. Distant creeks and rivers, gorged with fresh rain and snowy meltwater alike, roar on all night. Spring often brings a surge of energy and a touch of sunny optimism to our lives. One thing’s for sure—warmer temperatures make for pleasant evening skywatching before the mosquitoes arrive.

Mid-April sees the falling away of the winter stars, pushed off to the west like discarded tinsel and wrapping by Earth’s ceaseless movement around the sun. The sun sets later now and twilights grow longer. Add in Daylight Saving Time and night doesn’t get fully underway until after 9:00 p.m.
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The sky at 9:30 p.m. local daylight time in late April for observers in mid-northern latitudes. Leo stands near the meridian in the southern sky with the Big Dipper high overhead. The winter constellations are departing in the west while a host of spring constellations dominate the eastern sky. You’ll see the constellations in the same positions at 11 p.m. in early March, 2 a.m. in late January and just before dawn in late November. Diagram: Bob King, Source: Stellarium

The first stars you’ll see—unless they’re bright planets—include the twinkling white diamond of Sirius in the southwestern sky. Sirius (SEER-ee-us) heads up the constellation of Canis Major the Greater Dog. Two and a half fists directly above the pooch’s head you’ll see another somewhat fainter star, Procyon, (PRO-see-on) in Canis Minor the Lesser Dog. The dogs are running off with Orion the Hunter, Taurus the Bull and the beloved, dipper-shaped Pleiades star cluster, also known by its nickname, the Seven Sisters. Turn around toward the northwest and you’ll see another bright star flashing halfway between the horizon and zenith. That’s Capella, the alpha star in the five-sided figure of Auriga the Charioteer. Two fists to the left of the pentagon, you’ll spy Castor and Pollux, the Gemini twins. The two bright stars make a line nearly level with the western horizon, with their gangly legs dangling below.

All these groups are winter leftovers. As April softens into May, they’re headed west to make room for the stars of spring. We’ll explore them in more detail during the winter season.

Let’s face south around 9:30 p.m. local time in late April and look up high. Two-thirds of the way from the horizon to zenith, Leo the Lion’s brightest star, Regulus, sprouts a backward question mark of fainter suns called the Sickle of Leo, an asterism named for a farm tool with a curved blade used for cutting grain. Question mark or sickle, the curl of stars outlines the head of a lion.


ACTIVITY: To find Leo’s tail, reach your hand to the sky, make a balled fist and measure 1½ fists to the left of Regulus to third magnitude Chertan. Complete a triangle using two nearby brighter stars, Zosma (due north) and Denebola to the east (left). This triangle represents the lion’s haunches and tail. If you connect the trio back to Regulus with an imaginary line, you might just be able to picture a lion in repose.



Leo (level 2) is one the brightest and easiest to recognize zodiac constellations. As we learned earlier, the moon, planets and sun travel through the zodiac on the ecliptic superhighway. If you don’t see a planet in Leo on your first try, you will eventually. They must pay a visit to the lion sooner or later.

Because the ecliptic passes immediately south of Regulus, planets regularly pair up with the star in conjunction. The moon, being much larger, occasionally slides directly over Regulus, eclipsing it from view in an event called an occultation. Being little more than points of light, stars disappear in a sudden snap when they meet the approaching limb. The effect is quite shocking to see, but it’s exactly what you’d expect from an airless world. If the moon had a substantial atmosphere, the star would gradually fade from bright to faint before disappearing. An occultation ends when the star reappears on the moon’s opposite limb. That can take from a few minutes to over an hour depending on how centrally the moon crosses in front of the star.

Other bright stars occulted by the moon include Spica in Virgo, Antares in Scorpius and Aldebaran in Taurus. For a complete list of upcoming lunar occultations, check out the International Occultation Timing Association’s website at www.lunar-occultations.com/iota/bsTar/bsTar.htm.
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To find Leo the Lion, face south and connect the sickle or “backward question mark” with the lion’s triangle-shaped hindquarters just shy of two fists to the east (left). Two horizontally-held fists to the west (right) will take you to the Beehive Cluster in the dim constellation Cancer the Crab. The Beehive looks like a hazy patch of light under suburban and rural skies. Diagram: Bob King, Source: Stellarium


ACTIVITY: While an occultation is best viewed in binoculars or a telescope, you can watch the moon approach a bright star—or see it pop back into view at the dark limb—without any optical aid when the moon’s a crescent and doesn’t overwhelm the star with its light.



Take time to familiarize yourself with spring’s keystone constellation Leo. We’ll use it to find other asterisms and groups not as bright or familiar. Go at your own pace when learning the constellations. There’s no hurry. They’ll be there all season long, next year and years after that. I learned the constellations in the space of several years as the need and desire arose. Bright groups such as Ursa Major, Cassiopeia and Orion initiated my lifelong journey with the stars followed by the zodiac groups that line the ecliptic.

Since we’re focusing on the brighter constellations and asterisms only, if you routinely look up at night, you might bag them all in a year’s time. Relish each new-found star group as you would a flower, rock or favorite vista. Every one you find is a testament to your effort and determination and marks a moment of personal discovery. I still remember the sultry May evening when the tangles of stars that outline Hercules the Strongman suddenly crystallized into the constellation I’d sought for many nights. Joy!

Let’s wander over to the longest, largest constellation in the sky, Hydra the Water Snake (level 4). If you thought Draco had coils, wait till you get a look at this beast. Starting at Regulus, mark off two fists to the west (right) to find a compact group of five “small” stars—three on top, two on the bottom—that form the head of the serpentine creature. From here, wend your way south and east (below and left), stepping along from one faint star to the next until you’re practically scraping the horizon. Hydra extends farther east, but to see it you’ll need to wait for Earth’s rotation to lift the snake’s tail above the southeastern horizon.

Snaking from star to star, we’ve traveled a great distance across the sky and now find ourselves at Corvus the Crow (level 2). Perched above one of Hydra’s coils, Corvus cuts a compact figure outlined by four third magnitude stars arranged in a squashed square just 6° high. While he never climbs into the high heavens like Leo or the Big Dipper, Corvus’s compact shape draws your eye just the same, much as a real crow announces its presence with a raspy “caw-caw-caw.”
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Known since ancient times, the Beehive is one of the nearest star clusters, with a distance of 577 light-years. Its stars are too faint and close together to see individually with the naked eye, but a pair of binoculars will show dozens. Photo credit: Bob King

Let’s shoot back up to Regulus. Stargazing involves a fair amount of neck bending, so tilt your head from side to side and perform a few head turns from time to time to stretch and relax the muscles. I’ve learned to cradle my head between my shoulders to lessen stiffness and avoid a case of “astro-neck.”


ACTIVITY: If you direct your gaze not quite one fist above Regulus, you’ll alight on second magnitude Algieba (al-GEE-bah) in the bend of the sickle. Look two fists to the west (right) of the star and you’ll find yourself in the middle of nowhere. Or so it appears at first glance. But if you play your eye about the spot, you’ll catch sight of a small, cloud-like puff of light. Welcome to the Beehive Cluster!



Not everyone will see the Beehive—especially if you live near a big city or if haze or high clouds smear the sky. But with a little concentration and a moonless sky, you’ll spot it—if not by direct vision than by averted vision, a hallowed technique employed by generations of observers to eke out the faint stuff. Instead of staring directly at a dim star or cluster, examine the object with your peripheral vision. This exposes more of those light-sensitive rods to your starry subject. It’s most effective on the nose-ward side of each eye, so switch back and forth, looking slightly rightward with the right eye and leftward with the left eye.

Almost any pair of binoculars will break apart the haze into a bee-like swarm of stars, but to the naked eye it resembles a misty patch of haze much like a tail-less comet. Unlike the closer Pleiades cluster (444 light-years), where at least some stars can be “resolved” with the naked eye, the Beehive lies 577 light-years from Earth. Not only is the group older than the Pleiades, it’s also intrinsically fainter. Once you find the cluster, you’ll also have arrived in downtown Cancer the Crab (level 5), one of the fainter constellations of the zodiac composed of four 4th magnitude stars shaped like an upside-down letter “Y.” Pat yourself on the back if you find this obscure figure.

If you now pivot 90° to the left and face east, you’ll see a bright orange star staring back. That’s Arcturus, luminary of Bootes (boh-OH-teez) the Herdsman, a constellation often mispronounced. I still remember calling it “booties” as a teen. The name’s origin remains unclear, but it may come from the Greek word for “noisy” and refer to the herdsman shouting to his animals.

The ancient Greeks knew Bootes as Arctophylax the Bear Keeper, a reference to the figure chasing the bear Ursa Major around the pole star in the course of a year. Arktos, which means “bear” and refers to Ursa Major and all things north, is the root of both “arctic” and Arcturus.

Another star cluster awaits your gaze at the opposite end of Leo. Two fists to the left (east) and above Denebola in the lion’s tail, look for a faint spray of stars called Coma Berenices or Berenice’s Hair (level 3). It’s one of the few constellations that represents a real person, Queen Berenice of Egypt, who was born in about 266 B.C. Today we know that Berenice’s hair is a nearby star cluster 180 light years from Earth or 2½ times closer than the familiar Pleiades cluster of fall. Use averted vision to see anywhere from 20–40 cluster stars tucked within a simple triangular figure.

There’s no question that the animal world turns up the volume at the coming of Bootes, whether that’s frogs peeping from a nearby pond or honking geese flapping invisibly over our heads on spring nights.

As the fourth brightest star in the sky, Arcturus only hints at its true stellar prowess. Picture an orange giant 26 times the size of the sun and 113 times as luminous. Only 37 light-years away—right in our backyard by cosmic standards—it makes a sparkling impression.

Constellations keep their shapes across many human generations. You could take a stroll with Aristotle and see the same shapes and figures as we see today. Even though the stars are all moving, including the sun at 137 miles per second (220 kps), most are too far away to show a shift in position with the unaided eye. But not all.
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One of the easiest ways to find other stars and constellations in the sky is to start with a familiar group such as the Big Dipper and shoot lines or draw arcs from its outline to others. In late winter and early spring, you can find the bright orange giant star Arcturus in Bootes the Herdsman by using the arc of the Dipper’s handle to “arc to Arcturus.” Continue the arc and you’ll arrive at Virgo’s brightest star Spica. Diagram: Bob King, Source: Stellarium

Edmund Halley, of Halley’s Comet fame, compared star positions in his time (the 18th century) with those made by the ancient astronomers Ptolemy and Hipparchus in 300 B.C. and 130 B.C., respectively, and made an amazing discovery—Arcturus, Sirius and Aldebaran in Taurus had all moved more than a ½° to the south since ancient times.

“So then all these Stars are found to be above half a degree more Southerly at this time than the Ancients reckoned them,” wrote Halley in the British Royal Society’s Philosophical Transactions in the year 1720. Sir Edmund had discovered “proper motion,” the shift in a star’s position caused by its own motion through space. In general, distant stars appear to move slowest, close-by stars fastest. Across the vast expanse of time, their combined movements will ultimately stretch and distort the constellations, making them utterly unrecognizable in the distant future.
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Even though all the stars we see at night are moving around the center of the Milky Way galaxy, they’re so far away that they appear stationary—never wandering from their constellations—for many thousands of years. Arcturus is one of the few exceptions: It’s moved a small distance to the southwest since ancient times. In the distant future, its motion will “stretch” the constellation of Bootes. Photo credit: Bob King


ACTIVITY: Bootes (level 3), home to Arcturus, is shaped like an ice cream cone or one of those wide ties from the 1970s. In April, it’s tipped on its side in the eastern sky but stands straight up on the meridian in June. Composed of moderate to faint stars ranging in magnitude from +2.5 to +4.5, Bootes spans 2½ fists top to bottom or side to side when it first comes up in the east in spring. Once you’ve found the sky-tie, look two fists to the lower left (east) of Arcturus for the distinctive curl of stars that outlines Corona Borealis the Northern Crown (level 1). Tiara, horseshoe, backward letter “C”? Pick your favorite shape.



Before we leave Bootes and company, let’s return to the Dipper and look for two stars 1½ fists above and parallel to the handle. The brighter one, Cor Caroli or Charles Heart, was named by Halley in honor of England’s King Charles II. It heads up Canes Venatici (KAY-neez ven-AT-teh-see) the Hunting Dogs (level 2), a diminutive constellation that looks more like a single lost chihuahua than its mythological depiction as two rather large dogs straining at the leash.

Ready to slide south? Just follow the curve of the Big Dipper’s handle and arc back to Arcturus, then “spike to Spica” by extending the arc another three fists. In one quick maneuver, you will have arrived at the bright star Spica in the constellation Virgo the Virgin (level 4), our final featured constellation of spring. This nifty little shortcut provides an easy path from the Big Dipper to two of spring’s most familiar constellations. Like Leo, Virgo is one of the 12 zodiac constellations; the sun shines here in September, the moon passes this way once a month and the planet Jupiter will spiff up the otherwise lackluster constellation in 2017 and again in 2029. Virgo’s vast with mostly faint stars. Spica, the alpha star, shines at first magnitude a third of the way up in the southeastern sky in late April, and halfway up and due south a month later.


ACTIVITY: The easiest part of Virgo to make out is a figure I like to refer to as the “Y” or Cup of Virgo. If you look 1½ fists to the northwest (upper right) of Spica you’ll arrive at third magnitude Porrima. It marks the bottom center of the Cup. From here, fainter stars reach up to the northeast and northwest to form the rest of the figure. Notice that the Cup reaches right up under the star Denebola at the end of Leo’s tail, hinting at an alternate route to finding the constellation.



While Virgo’s Cup might appear empty to the naked eye, it’s filled to the brim with up to 2,000 faint, fuzzy galaxies some 50 million light-years from Earth. Some are spirals like our own Milky Way, while others are giant elliptical galaxies containing trillions of stars. You can pick out of few of Virgo’s distant treasures in binoculars, but the Virgo Galaxy Cluster is best explored with a telescope. Even without optical aid, I recommend staring into this abyss if only to remind yourself of the deep three-dimensionality of space.

When it comes to the sky, the third dimension has always been elusive. Galaxies, the planets and even the moon are so far away, it’s impossible to perceive depth and distance. They might as well be dots painted on a ceiling. But with a few facts at our fingertips and a little imagination, we can start to wrap our heads around the enormity of the cosmos. It often helps to scale down the vastness to something more manageable. If we make the sun the size of a 12-inch (30 centimeter) softball or about 4 inches (10 centimeters) in diameter, Earth shrinks to one millimeter or the diameter of a pinhead 38 feet (11.6 meters) from the sun, Jupiter’s a blueberry 200 feet (61 meters) away and Pluto’s just one-fifth of a millimeter wide a quarter mile (402 meters) in the distance.

A quarter mile is an easy walk, but try hiking the 2,000 miles (3,219 km) to Alpha Centauri, the next star system beyond the sun. To reach the center of the Milky Way would require a journey of 12.5 million miles (20.1 million km). From there, we might set our sights on the Virgo Cluster 1,000 times farther away. Whew—there’s a lot of emptiness out there!

The Cup of Virgo also runneth over with time. Fifty million years ago, Earth was downright steamy. Little-to-no ice capped either pole, and the arctic regions grew lush with green forest. Proto-India was busy ramming into Asia, creating the Himalayas. Our history—Earth’s history—plays back in our imaginations whenever we use our mind’s eye to gaze deeply into the night.

Let’s return closer to home before setting off for summer and meet Vega, one of the season’s most prominent stars. VEE-guh is officially correct, but VAY-guh is also acceptable. Look low above the northeastern horizon around 10:00–10:30 p.m. on late April evenings for a bright, twinkling point. Snow may still spot the ground and the temperature may hover around freezing, but seeing Vega evokes visions of the summer Milky Way and stargazing in short sleeves.
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Although the night sky can appear flat and two dimensional, it runs deep. Invisible to the eye, the great Virgo Cluster of galaxies lies 50 million light-years from Earth in the direction of Virgo, just below the tail of Leo the Lion. Each galaxy, jam-packed with nebulae, star clusters, stars and planets, resembles our own Milky Way. Photo credit: Greg Morgan

Summer Skies

12:00 a.m. in mid-June, 10:00–11:00 p.m. in mid-July, 9:00 p.m. in late August.

Summer’s easy to like. No boots, no coats, no fear of freezing fingers or frozen noses. Nights can be intensely fragrant—so intoxicating you can’t get enough of their perfume. Frogs still peep-peep and breezes stir the forest in rhythmic swells of fluttering leaves. Unlike winter, skywatchers welcome the night wind both to stay cool and keep the mosquitoes at bay.

Face west in July and bid farewell to our friends Leo, Virgo and Corvus. Their seasonal dominance has passed. Though they’ll stick around for a while yet, their appointment with the western horizon can only be put off for so long. Even the Big Dipper has “turned around” and hangs in the northwestern sky, still relatively high, but fated for hibernation in the fall. Bootes and Corona Borealis stand tall in the southwestern sky, the soft light of Arcturus steadfast throughout the season.

Nightfall reveals a new cast of characters splayed across the southern sky—Scorpius the Scorpion, Libra the Scales and Sagittarius the Archer. All three belong to the zodiacal clan and provide housing for the sun in the late fall and early winter months. For the northern United States, these constellations never get very high in the sky and the winter sun never does either. In summer, the full moon and sun trade places. During June and July, the sun reaches its highest point on the ecliptic in Taurus and Gemini, making for long days and more direct (and intense) sunlight. The full moon lies directly opposite the sun, so during those same months it occupies the “lowlands” of Scorpius and Sagittarius.
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This map shows the sky facing south-southeast at nightfall in early July when Libra, Scorpius and Sagittarius (a.k.a. the Teapot), rule the roost. July and August nights are best for viewing the full band of the summertime Milky Way, which begins at the southern horizon and stretches all the way back to the northeast like a plume of smoke across the sky. From a dark sky site, brighter clumps—clusters and nebulae—are visible with the naked eye within its borders. Diagram: Bob King, Source: Stellarium
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The sky at 10 p.m. local daylight time in late July. Leo has shoved off to the west, while Scorpius, the Summer Triangle and the Milky Way vie for our attention in the south and east. The rising of the Great Square along the eastern horizon hints at the coming fall. You’ll see the constellations in the same positions at dawn in late March, 2 a.m. in late May and midnight in late June. Diagram: Bob King, Source: Stellarium

Libra (level 3), a faint diamond of third and fourth magnitude stars about one fist across, precedes Scorpius and is the only zodiac constellation that represents a nonliving thing—a pair of scales or balance. The Romans saw it that way, but not the ancient Greeks. They called it Chelae, meaning “claws,” and pictured it as an essential part of nearby Scorpius. You may struggle to see scales in inconspicuous Libra but I encourage you to at least get acquainted with its two brightest stars and their delightful names: Zubenelgenubi (zoo-BEN-el-jeh-NEW-bee), Arabic for the Southern Claw and Zubeneschmali (zoo-BEN-es-sha-MAH-lee), the Northern Claw. Yes, the claws of the scorpion still live!

Zubenelgenubi, also known as Alpha Librae, is a wide double star 77 light-years from Earth that presents a naked-eye challenge on late spring and summer evenings. The star we see with the naked eye is magnitude +3; the fainter fifth magnitude companion lies about one-tenth of a moon diameter to the northwest or the upper right of its brighter counterpart. Can you see it? Try averted vision, and if that doesn’t work, any pair of binoculars will cleave it.

Libra leads us directly to Scorpius (level 2), another constellation that resembles what it represents. Three stars in a nearly vertical row, a sort of summertime version of Orion’s Belt, make up the head; a bit further east (left) we encounter the fiery red star, Antares, long associated with the planet Mars because of its matching color and similar brightness. The name derives from Anti-Ares after Ares, the Greek god of war and name for the planet Mars. Antares’s color made it the “rival of Mars.”

Located a distant 550 light-years from Earth, Antares’s brightness only hints at its true brilliance. The bloated behemoth radiates 60,000 times the light of the sun and is so big that if put in place of the sun, its flaming pink edge would extend beyond the orbit of Mars. Both Antares and the more familiar Betelgeuse in Orion are short-lived red supergiants that may explode as supernovae when they exhaust their nuclear fuel sometime in the future.

From Antares we drop south and east, sliding fearlessly down the scorpion’s J-shaped tail until we arrive at the Stinger Stars, Shaula (SHOWL-a) and Lesath (LAY-soth). Shaula is Scorpius’s second brightest star and means “scorpion’s stinger” in Arabic. Northerners need a good southern horizon to glimpse the duo. Trees block the view from my neighborhood, but on those occasions when I can view it from a wide-open shoreline, seeing the entire constellation feels like flirting with danger.
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Although you can’t resolve individual stars in Ptolemy’s Cluster with the naked eye, it’s visible as a small but distinct “puff” above the scorpion’s tail. Binoculars provide a splendid view with several dozen stars visible. Photo credit: Stellarium

It also provides an opportunity to see the bright Butterfly and Ptolemy star clusters. The Butterfly name comes from its telescopic appearance (yes, it really does look like one), while Ptolemy Cluster’s, also known as M7 after French astronomer Charles Messier, goes back to the early 2nd-century Greek-Roman astronomer Ptolemy of Alexandria who described his namesake as a “nebula” in 130 A.D. That’s exactly what it looks like to this day with the naked eye.


ACTIVITY: You’ll find Ptolemy’s Cluster easier to spot than the Butterfly because it’s brighter and larger, more than twice the size of the full moon. Both clusters appear as small, unresolved misty patches of light along the eastern border of the riverine Milky Way that flows across Scorpius into the half-human, half-horse centaur called Sagittarius the Archer (level 3 due to low altitude). You’ll find it a little more than two fists to the left (east) and below Antares.
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A time exposure reveals the spectacular starriness of the brightest portion of the summer Milky Way from the Northern Cross (left) to Sagittarius. The dark lane running down the middle, called the Great Rift, is actually interstellar dust silhouetted against more distant stars. The greenish bands just above the horizon are called airglow and are caused by molecules in the atmosphere emitting a weak light at night after being excited by sunlight during the day. Photo credit: Bob King
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We live in a spiral galaxy called the Milky Way, home to about 400 billion stars, numerous star clusters, nebulae (pink patches) and countless planets all set in a thin disk—with a bulge at the center—about 100,000 light-years across. The sun and solar system orbit about the galaxy’s center approximately halfway out to the edge. In summer, we face toward the center of the galaxy; in winter, the edge. This is one reason the summer Milky Way is thicker, brighter and easier to see than in winter. Photo credit: NASA/JPL-Caltech/ESO/R.Hurt

While the ancients may have had no problem picturing this mythological creature, most of us see and call it by the less formal and more descriptive name, the Teapot, which fits its appearance to a T. Under a dark sky, you can even see a cloud of “steam” rising from the teapot’s spout. Since I’m a tea drinker this puts a smile in my heart.

Of course the steam is none other than the Milky Way, a glowing band of hazy light, punctuated here and there by star clusters and star-ridden gas clouds, that slants upward from the southern horizon, passing from Sagittarius through Aquila the Eagle, Cygnus the Swan and the “W” of Cassiopeia until it meets the northeastern horizon. Some liken it to a stellar spine holding up the sky.

To clear up any confusion, the Milky Way is both the name of our home galaxy and the milky band of light that crosses the sky on summer and winter nights. Seen from the outside, the galaxy looks like a gigantic, flattened pinwheel 100,000 light-years across, with an average thickness of 1,000 light-years. Earth, sun and all the planets huddle together 26,000 light-years from the center of that disk along the inner edge of a minor spiral arm called the Orion Spur. The galaxy contains up to 400 billion stars.

When we look directly into the disk, whether toward the center or off to the sides, stars near and far pile up over thousands of light-years to create the impression of a thick band of light. Picture yourself standing at the edge of a forest. You can clearly distinguish the nearby trees, but look past them and the more distant ones fill in to give the impression of an impenetrable forest. Similarly, stars numerous and faint pile up into a fog of unresolved light when we look across their greatest concentration in the disk. That “fog” is the band of the Milky Way that ribbons the summer sky. It’s packed to the gills with stars, most too faint and far away for us to distinguish individually. That’s where binoculars and telescopes come in handy.

If you look away from the band, your gaze takes you above or below the densely starry disk, where the stars quickly thin out, giving way to the relatively empty spaces between the galaxies. That’s why it looks like a ribbon or river of starlight instead of being spread evenly across the sky.

One of the first things Galileo did with his homemade telescope was to point it at the Milky Way in hopes of settling the age-old question about its true nature. Here’s what he wrote in his groundbreaking book, The Sidereal Messenger in 1610:

“I have observed the nature and the material of the Milky Way … The galaxy is, in fact, nothing but a congeries of innumerable stars grouped together in clusters … And what is even more remarkable, the stars which have been called ‘nebulous’ by every astronomer to this time turn out to be groups of very small stars arranged in a wonderful manner.”

Imagine you’re the first person in human history to solve this mystery of the ages. And all it took was a small tube and a couple pieces of polished glass. What I’d give to have been there when he finally cracked this conundrum. Did he shout out loud? Or was it more of a quiet revelation?

More than 300 years had to pass before astronomers figured out exactly where in the galaxy we lived. Only in the early 20th century, based on star cluster studies by American astronomer Harlow Shapley, did we come to realize that the solar system was not at the center of the Milky Way but out in the suburbs. In the summer months at nightfall, we face the galaxy’s center, located in the direction of that puff of steam rising from the Teapot’s spout. The anti-center, where the stars thin out and ultimately give way to intergalactic space, lies in the direction of Taurus the Bull, which rises at dawn in mid-summer. Every single star we see with our eyes and through most telescopes belongs to one galaxy only, the Milky Way.

As you gaze skyward on an August night, you’ll notice a remarkable dark gap that parts the Milky Way in two from Sagittarius north to Cygnus the Swan. This is the Great Rift, and while it looks like empty space, it’s anything but. Rather, we’re seeing overlapping clouds of stardust called dark nebulae between the solar system and the inner Sagittarius Arm of the Milky Way. While the individual grains are no bigger than cigarette smoke particles, they add up over the light-years, blotting out more distant stars to create the appearance of a gap. If it were possible to vacuum up all the dust potholing the Milky Way band, it would shine brightly enough to cast shadows.

Where did all that dust come from? Generations of stars exploded or otherwise evolved and left it as a parting gift. And a gift it is. As you read this, gravity is already at work collecting and compacting the dust into new stars and planets like a kid rolling a snowball for a snowman. So long as energy is available, nature can’t help itself from making more complex materials from simpler stuff. There are an estimated 100 billion planets in the universe and currently 7.3 billion human beings in the galaxy—all fashioned of star dust.

If you look at the human body, four elements make up 96.2% of its mass: oxygen (65%), carbon (18.5%), hydrogen (9.5%) and nitrogen (3.2%). Every one of those atoms except hydrogen, which formed during the origin of the universe in the Big Bang, was cooked from simpler elements (hydrogen and helium) inside forgotten suns and released into space at the end of their lives. Starlight streams from overhead just as surely as star stuff throbs through our arteries. We are stars reborn. Stars with voices, emotions, aspirations and appetites.

These thoughts often cross my mind when I’m out under the great arch of the Milky Way. We may know the individual processes that led from so simple a beginning to the riches of the present, but the mystery is that it happened at all.

Mid-July through late September is the best time to view the summertime Milky Way in all its glory. Choose a night when the moon is either absent from the sky or sets early; the time of new or crescent moon is best. Pack mosquito repellent, a comfy chair and blanket and drive to a dark sky site you found on your own or using the DarkSiteFinder website. After you shut off the engine, give your eyes a few minutes to dark-adapt and then drink in the view.

There are times I bring a telescope to the countryside thinking I’ll be hunting comets and galaxies, but more often I end up spending the majority of the time away from the eyepiece just looking up, dwarfed by the galaxy and swallowed by the night. If the sight of the Milky Way makes you feel small, you’ve got lots of company. What a welcome feeling after days and days at the top of the food chain. Some might despair, thinking humanity’s drop-in-the-bucket status in a big universe takes away from our significance. Well, yes and no. True, the cosmos can be a mighty tamer of egos, but it also puts our troubles in a refreshingly grand perspective, empowering us to soldier on, maybe even laugh a little at our predicament. Perhaps the greatest gift of a Milky Way night is to remind us that size isn’t everything. Humanity may be a microscopic fleck in the big picture, but we—along with our fellow plants, animals and yes, bacteria—sing out life across the numbingly huge spaces between the stars.
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With its “pools” of dark dust mingled with swirls of bright nebulosity, its name comes as no surprise: The Lagoon Nebula is an enormous cloud of interstellar dust and gas faintly visible to the naked eye above and to the right (west) of the Teapot. As you read this, dust within the nebula is collapsing under the force of gravity to form brand new stars. Photo credit: ESO/S. Guisard
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The Summer Triangle is one of the easiest-to-recognize asterisms on summer and fall nights. It makes its first appearance on May evenings in the east, but by August stands high in the southern sky along the path of the Milky Way. Vega in Lyra the Harp, Deneb in Cygnus the Swan (a.k.a. the Northern Cross) and Altair in Aquila the Eagle join forces to build a giant triangle measuring a little more than two fists across the top and more than three fists down the sides. Find this asterism and you can use a planisphere, chart or app to venture out to many other constellations. Diagram: Bob King, Source: Stellarium


ACTIVITY: On a summer night, close inspection of the band will reveal a clumpy texture from concentrations of stars (called star clouds), individual star clusters and gas clouds home to stellar nurseries called called nebulae. The brighter ones, designated with an “M” followed by a number, are Messier objects, named for the 18th-century French astronomer Charles Messier who cataloged fuzzy things he saw in his telescope so he’d never confuse them again with his true love—fuzzy comets. Over time, the brighter ones acquired names based on their telescopic appearance, so we have M11 the Wild Duck Cluster, M8 the Lagoon Nebula and M17 the Swan. M11 and M8 are visible with the naked eye under dark skies; to see these “deep sky objects,” find dark skies and use the included map.

The top of the Teapot and handle form an asterism called the Milk Dipper, so called because it looks like a long-handled cup dipping into the Milky Way. Its brightest star is second magnitude Nunki, a name of Babylonian origin and thought to be the oldest named star in the sky. Nunki marks the conclusion of our foray into summer’s southern realms.

Let’s lift our gaze to the trio of Vega, Deneb and Altair, three bright stars that join forces to make a huge triangle high in the southeastern sky at nightfall.



One of the first and brightest stars to come out during a July twilight is Vega in the constellation Lyra the Harp (level 3). All Lyra’s stars with the exception of Vega are faint, but they trace out a compact parallelogram only “three fingers” tall directly below Vega. Vega and Lyra beam down from near the zenith on July and August nights, making them easier to see if you lie back on the grass and cup your hands behind your head.


ACTIVITY: To the left or east of Vega, look for +4.5 magnitude Epsilon Lyrae. At first glance, Epsilon looks like a single faint star, but if you bear down on it, alternating between averted and direct vision, you might succeed in splitting it into two equally-faint stars, one directly atop the other. Amateur astronomers know it as the Double Double because each star is double again when viewed at 100x or higher in a modest telescope.
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Splitting the “Double-Double” Epsilon Lyrae makes for a naked-eye challenge on a summer night. Kick back and assume a mindful focus, and you just might be able to make out two stars. If so, give yourself a pat on the back! Diagram: Bob King, Source: Stellarium

Separated by only 3.5 arc minutes, the duo makes for a serious naked-eye challenge. I only saw them thanks to my younger daughter. On a camping trip in late summer, we lay on our backs by the fire looking up. Vega beamed from straight overhead and alongside it, Epsilon. I mentioned that Epsilon was double and asked her whether she could split it. With no hint as to how the stars were arranged, she studied it a minute and shot back the correct orientation. Egged on by her success, I gave it my best shot and totally surprised myself. One star fleetingly became two! As equals, they have names that would fit seamlessly into a Dr. Seuss book: Epsilon 1 and Epsilon 2.


ACTIVITY: Put your fist to the sky again and mark off a little more than two fists to the east (left) of Vega and a little below to find Deneb, the brightest star in Cygnus the Swan (level 2), popularly called the Northern Cross. The figure works both ways. As a swan, the bottommost star of the cross becomes the swan’s head, the beam of the cross its outspread wings and Deneb, the tip of the tail. Make Deneb the head of a cross instead, and the rest of the constellation instantly transforms from waterfowl to symbol.

Next, drop four fists below Deneb to complete the triangle at Altair in Aquila the Eagle (level 3). Stars arranged around Altair form a set of wings spanning either side of the Milky Way. A pair of fainter third and fourth magnitude stars resembling the stinger pair in Scorpius sit at the end of the eagle’s tail. In dark skies you’ll see a patch of luminous “haze” to the lower right of the pair called the Scutum (SKEWT-um) Star Cloud, named after the small and inconspicuous constellation Scutum the Shield (level 5). Early 20th-century American astronomer E.E. Barnard called it “The Gem of the Milky Way.” Star dust thins in Scutum’s direction, making this short stretch of Milky Way really pop. Under dark skies, you might also glimpse a tinier, denser patch within the cloud called the Wild Duck Cluster or M11.

Let’s bid summer adieu by facing directly overhead and looking two fists to the right of Vega for the Keystone of Hercules asterism. This small trapezoid of stars resembles an upside-down Corvus the Crow. Stars sprout from each corner of the 4-sided figure to form the faint legs and arms of Hercules the Strongman (level 5). Hercules occupies a large space between Lyra and the half-circle of Corona Borealis that we met in spring.



Every season’s stars are sown with seeds of the next. Face east at 10:00 p.m. in late August to see the Great Square of Pegasus and Cassiopeia mounting ever higher, eager to unseat Cygnus and kin as the leaves redden and fall.

Autumn Skies

9:30 p.m. in late October, 7:00–8:00 p.m. in late November, 6:00 p.m. in mid-December.

Early fall is one of the most pleasant times to be out and about at night. It’s refreshingly cool and more importantly, mosquito-less. What a relief to let down your guard and not anticipate the dreaded whine of the pests in your ears. Instead, the night air throbs with the stridulations of crickets and katydids. Their soft, repetitive calls provide a mellow soundtrack for the slow movement of the stars overhead.

Summer’s late sunsets and long twilights meant staying up late to await a dark sky. In fall, the sun goes down much earlier; two-plus hours of twilight diminish to an hour and half. Star-seekers can begin their rounds at 8:30 p.m. in late September and an hour earlier by the end of October. When frost whitens the grass and leaves, and the night wind takes on an edge, it’s time to don a parka and gloves for your nightly excursions. Comfort is essential when skywatching. Without it, we’ll struggle to find the peace of mind to fully appreciate where we are.

Declining sunlight, longer nights and colder temperatures can occasion feelings of melancholy in the fall. Beneath the shimmering stars I allow myself to feel this bittersweet emotion. For some, it’s hard to say farewell. But that temporary twinge of sadness for a departing season means we’ve made a connection to the natural world. And while Scorpius and Sagittarius inch inevitably toward the southwestern horizon, we know they’ll return soon.
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The sky at 9 p.m. local daylight time in late October. Earth’s revolution around the sun has now swept the summer constellations to the west and brought several familiar fall faces to the fore, including the Great Square, Cassiopeia and the dim zodiac trio of Capricornus, Pisces and Aquarius. The Summer Triangle still dominates the southwestern sky. You’ll see the constellations in the same positions at 3 a.m. in late July, 11 p.m. in late September and 6 p.m. in late November. Diagram: Bob King, Source: Stellarium
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Once you’ve learned to recognize the Summer Triangle stars and their host constellations, try hopping over to two of the sky’s smaller groups—Delphinus the Dolphin and Sagitta the Arrow. Start with Albireo at the foot of the cross and mark off two fists to the east to arrive at the dolphin. Photo credit: Bob King

Summer may be the best time to appreciate the Milky Way, but in early fall it remains an impressive sight, towering from the western horizon to the zenith like smoke rising from a chimney on a still, chill night. Arcturus twinkles low in the northwestern sky alongside the Big Dipper, which now scrapes across the barren treetops to the north. Blissfully unaware of the calendar date, the Summer Triangle still stands high in the southwestern sky with the Northern Cross’s Deneb near the zenith. I can’t resist returning to the Cross one more time. With its help, we’ll find two small constellations whose shapes match their names: Sagitta (suh-JIT-uh) the Arrow (level 3) and Delphinus (del-FYE-nuss) the Dolphin (level 2).
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The Great Square asterism will be your key to identifying the six key stars that head up six different nearby constellations. Shoot lines through the base and sides of the square and extend them until you arrive at your target stars. This map shows the sky facing south around 10:00 p.m. on October 20, 8:00 p.m. on November 20 and 6:00 p.m. on December 20. Diagram: Bob King, Source: Stellarium


ACTIVITY: Face southwest, locate Deneb and work your way down to Albireo, a third magnitude star located two fists below Deneb at the foot of the cross. The arrow, frozen forever in flight, resides one fist to the east (left) and below the star with its tip pointing up. Look for a small figure composed of four 4th magnitude stars. It’s certainly not a bright constellation, but compactness can boost a group’s profile and make it stand out far better than the same number of stars spread over a larger area.

Now slide another fist to the left and I can almost guarantee you’ll let out a little “wow” at the sight of diminutive Delphinus. Could you draw a dolphin with just five dots? Somehow our distant ancestors managed, and it works splendidly to this day. From the fall perspective, the creature seems to leap from the translucent waters of the Milky Way.



We now turn our attention to the southern sky and the Square of Pegasus. If you know the Big Dipper, Orion, the Summer Triangle and Pegasus the Winged Horse (level 2), you can find almost anything in the night sky. Pegasus flies high in October and November, crossing the meridian during early evening hours. For us, it will serve as the key to finding a good half-dozen fall constellations.


ACTIVITY: Let’s begin our quest in mid-October. Face south-southeast between 9:00 and 10:00 p.m. and look w-a-y up, almost to the top of the sky for a big connect-the-dots square of stars about a fist wide on each side. That’s the Great Square and represents the torso of a mythological horse placed there by the ancient Greeks.

None of the horse’s stars are particularly bright; they’re all around third magnitude, one level fainter than the North Star, but the big square is easy to recognize. Once you’ve locked onto it, star-hop from Markab in the square’s lower right corner to the west and south (right and below) along the horse’s neck and head until you reach its nose at second magnitude Enif (Arabic for “nose”). Now return to the square, focus on Scheat (SHEE-at) in the upper right corner and trace out the legs, caught in mid-gallop, that extend above and below the star to the west of the square.



Having a tough time seeing Pegasus as a horse? That’s probably because the figure is upside down! Try flipping it. Exactly why it’s that way, no one seems to know. I suspect its creator did the best they could with the stars at hand.

Once you’re familiar with the Square, shoot some imaginary laser lines out the sides to find to some of the season’s more conspicuous stars—Fomalhaut, Deneb Kaitos, Hamal and Mirach. Each is the alpha luminary in its constellation, though only Fomalhaut and Deneb shine at first magnitude.

Fall isn’t known for bright stars, but Pegasus is the easiest place to start to put names and figures into what appears at first glance to be little more than blank chunks of sky that precede the coming of Orion and his sparkling winter entourage.

Fomalhaut (FOH-mal-howt) is better known by its nickname, The Lonely One, since it’s the only bright star shining across the entire expanse of the southern autumn sky. Like a candle in the dark, this singular star struggles to “warm up” the vacant south as the nights get chillier and chillier. Fomalhaut heads up the dim constellation of Piscis Austrinus the Southern Fish (level 4) and translates from Arabic as “mouth of the fish.”
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To find the asterisms that make up the easiest pieces of the dim groups Pisces the Fish and Aquarius the Water Carrier, start again with the Great Square and mark off one fist below the square to find the Circlet and another fist to the west (right) to arrive at the Water Jar. Diagram: Bob King, Source: Stellarium


ACTIVITY: Drop a line through Scheat and Markab along the right side of the square and keep going south until you arrive at Fomalhaut. If you observe from a dark, light-pollution-free sky, you’ll see a loop of faint stars extending to the west (right) of Fomalhaut that vaguely resemble a fish shape. Aside from being the only first magnitude star among the seasonal fall constellations, Fomalhaut stands out in another way—the star is ringed by a planet-forming disk of dust and rock similar to what our own solar system may have looked like more than 4 billion years ago as the planets were taking shape.



Within that disk, astronomers using the Hubble Space Telescope in 2008 found a new planet named Fomalhaut b. With less than twice Jupiter’s mass and cocooned by a cloud of dusty debris, Fomalhaut b has the distinction of being the first extrasolar planet ever photographed in visible light. The plodding object takes an estimated 1,700 years to make one loop around its parent star.


ACTIVITY: Between Pegasus and Piscis Austrinus, you’ll encounter three faint, large zodiac constellations—Pisces the Fish, Aquarius the Water Carrier (level 5) and Capricornus the Sea Goat (level 3). While they’re considered medium to advanced level groups, each possesses an asterism that will at least “get you in the door.” We’ll start with Pisces. Not quite one fist south of the midpoint between Markab and Algenib (al-JEN-ib) in the bottom of the Great Square you’ll spy a lasso of faint fourth and fifth magnitude stars 6° across nicknamed the Circlet. It represents one of the two fish depicted in the constellation. The full figure of Pisces continues as a faint string of stars to the east (left) then turns due north along the backside of Pegasus toward Andromeda. Faint stars at the northern tip of the constellation form a second fish that requires an excellent imagination to see.

The figure of the Water Jar in Aquarius is brighter and more obvious than the Circlet. Look for it 1½ fists southeast (right and below) Pegasus’s nose star, Enif. To my eye, its four stars remind me of a jumping jack or an asterisk. To the west or right of the Water Jar, you’ll find Aquarius’s alpha and beta stars, Sadalmelik (sah-dul-MEL-ik) and Sadalsuud (sah-dul-su-OOD). Thank your lucky stars if you find these two, since Sadalmelik may literally mean Lucky Stars of the King, and Sadalsuud the Luckiest of the Lucky Stars. Maybe I should spend more time in this part of the sky. To find the remainder of Aquarius, return to the Water Jar and follow the dangles of faint stars that trail off to the south.



If you’ve heard of the “dawning of the Age of Aquarius” and its association with the arrival of universal peace and harmony, you might wonder when that hoped-for day will arrive. Astronomically speaking, it begins on the March equinox (first day of spring) in the year 2597 A.D., when the equinox point moves across the border from Pisces into Aquarius. The shift is caused by Earth’s precessional wobble, the same motion that makes us switch out polestars over a period of 26,000 years. Precession also causes the sun to slowly slide westward along the zodiac, roughly one constellation every 2,150 years. Astrologers and astronomers differ on constellation borders with various camps still trying to reach agreement on when the great age will begin. Bottom line, don’t hold your breath for universal peace.


ACTIVITY: If you begin your constellation search earlier in the evening, before Pegasus has crossed the meridian, measure out five fists to the southwest (lower right) of Markab or two fists in the same direction from Sadalsuud and you’ll bump into a pair of third magnitude stars, Algedi (all-JED-ee) and Dabih (DAH-bee) a thumb’s width apart. These two modest suns shore up the western end of a lazy triangle of stars that trace the outline of Capricornus the Seagoat (level 3). Take a closer look at Algedi. I mean a really close look. How many stars do you see? If you answer two, congratulations! You’ve accomplished a visual challenge far more demanding than the Dipper’s Mizar-Alcor pair, but not quite up to Epsilon-Lyrae.



Algedi’s composed of two stars, Alpha-1 and Alpha-2 Capricorni. Alpha-1 is the fainter and located one-fifth of the moon’s diameter to the northwest of brighter Alpha-2. Despite its convincing appearance, this seeming pair is an “optical” double or chance alignment of two stars at very different distances. But right next door, we have the real thing. Dabih is a true double, where the two stars revolve about their common center of mass as they travel through space together. While you can’t separate the pair with the naked eye, binoculars make it easy work. Psst—I’ll let you in on a little secret. Although Algedi’s companions are unrelated, each is a true double star when viewed through a small telescope.


ACTIVITY: Returning to the Great Square, we now draw a line almost three fists to the east (left) and slightly south (down) to find second magnitude Hamal, the brightest star in the zodiac constellation Aries the Ram (level 2). Aries looks positively tiny next to sprawling Pisces, but it’s a whole lot easier to see. Look for three stars that look like a slightly curled index finger. Once you’ve discovered Aries, a bonus constellation awaits—a skinny triangle a little less than one fist due north (directly above) named Triangulum (level 3). The ancient Greeks called it Deltoton after “deltoid,” a triangular-shaped object.



We must be finished with Pegasus by now, right? Not by a long shot. Like a Swiss Army knife, the Great Square always has another tool for the job. We’ll use it to guide us to our next stop, Cetus the Whale (level 4). Once again, extend a line from the square, this time along its eastern (left) side three fists to the south to second magnitude Deneb Kaitos (DEN-ebb KAY-tos), an Arabic star name meaning, “southern part of the sea monster’s tail.” Like Pisces, Cetus is a sprawling group of generally faint stars taking up a large chunk of the southern sky to the east (left) of Fomalhaut. Four fists to the east (left) of Deneb Kaitos, you’ll find Cetus’s alpha star, Menkar. Although slightly fainter than Deneb Kaitos, it may have received the alpha rank because of its proximity to the ecliptic.

Both Menkar and Deneb Kaitos are occasionally eclipsed in brightness by Mira, a star that vaults into naked eye view for only a few months a year before fading back into obscurity. You’ll find Mira a little more than one fist to the west (right) of Menkar, but don’t be surprised if the spot looks empty. Over the course of 11 months, Mira ranges from ninth magnitude (visible only in a small telescope) to second magnitude and sometimes even brighter. To find out what it’s doing the night you seek it out, visit the website of the American Association of Variable Star Observers (https://www.aavso.org/), type the name in the “Pick a Star” box and click the “Check Recent Observations” link.

Mira is the prototype of a class of stars called long-period variables. Though similar in mass to our sun, they’re far larger and pulsate—physically expanding and shrinking—over regular intervals. Mira was discovered by Lutheran pastor and astronomer David Fabricius in 1596. Prior to that time, no one had paid any attention to the star, but once it was found to vary in brightness, the star received the Latin name of Mira, meaning “wonderful” or “astonishing.”

Mira seesaws between 400 and 700 times the size of the sun over a period of 332 days. While it might seem odd at first, the star is brightest when smallest or most compressed. As it shrinks, the amount of energy radiating from a particular patch on the star’s surface increases, making it overall brighter and hotter. When it reverses course and expands, the star cools. Keep an eye out for the Wonderful One from late summer through December. Maybe you’ll be lucky enough to see it outshine every other star in the constellation.
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Zigzaggy Cassiopeia makes it easy to find both the Double Cluster in Perseus and the Andromeda Galaxy, the Milky Way galaxy’s larger nearby neighbor. Photo credit: Bob King

Care to join me for a jaunt beyond the Milky Way? Let’s return to the Great Square one final time and stop at Alpheratz (AL-fer-rats) in its northeastern (upper left) corner. All along we’ve been treating Alpheratz as if it were the sole property of the square, but now the truth must be told. It’s also shared with Andromeda the Princess (level 3) and officially allied with that constellation as its alpha star. We call stars such as Alpheratz “linking stars” because they allow two constellations to complete one another, like a couple gazing into each other’s eyes. The only other linking star is Elnath (Beta Tauri), shared by Taurus and Auriga.

Jim Kaler, professor emeritus of astronomy at the University of Illinois, likens Andromeda to a “string of pearls” northeast of the Great Square.


ACTIVITY: The three brightest stars from west to east (right to left)—Alpheratz, Mirach (MIRR-ahk) and Almach (ALL-mahk)—are spaced roughly a fist and a half apart and shine at around second magnitude. If you pause at Mirach and look three fingers north and slightly to the west (up and to the right) of the star, you’ll see a fuzzy spot similar in appearance to the Beehive in Cancer. Another star cluster? Hardly. We’ve arrived at the Andromeda Galaxy, the closest large galaxy to the Milky Way and the most distant object most of us will ever see with the naked eye.
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Located in the constellation Andromeda 2.5 million light-years away, this galaxy is the most remote object visible for many. Despite its great distance, it glows at magnitude +3.4 and is fairly easy to see even from the suburbs if you allow your eyes to dark-adapt and know just where to look. Photo credit: Adam Evans / Wikipedia

Focus on this misty glow and you’ll be transported 2.5 million light-years from home. That’s about 15 quintillion miles—15 followed by 18 zeros—(24.1 quintillion km) away. Impossible to imagine such an enormous distance, right? Perhaps we can do better using time as our measure. The light you see from Andromeda tonight left the galaxy 2.5 million years ago, when early humans were just becoming fully bipedal and learning to use tools. Truly, much has happened on our planet since that light began its journey.

Incredibly, we can spot it without optical aid from a moderately dark sky. As you soak in the view, you may notice a bit of structure to the galaxy. The center, where more of Andromeda’s stars are concentrated, appears distinctly brighter than the more lightly-populated outer disk. Use averted vision to appreciate its size. Under dark skies, the galaxy spans nearly 3° or six side-by-side full moons. If you want to share Andromeda with friends and family, use the “W” of Cassiopeia in the accompanying photo map to point you there. Most anyone can see the galaxy from suburban and rural skies if they know exactly where to look.

The Andromeda Galaxy is similar to the Milky Way in structure—both are spiral galaxies that resemble enormous cinnamon rolls—but it’s more than twice as large at 220,000 light-years across and packing a trillion stars, billions of planets and thousands of nebulae and star clusters. At its mind-boggling distance, the whole of it blends together into a fog of unresolved starlight even in larger telescopes.

Because it’s so far away and the light we see is so ancient, I’m sometimes asked if the galaxy’s still there anymore. “Haven’t its stars burnt out long ago?” Rest assured that 2.5 million years for most stars is a drop in the bucket of time, given that the majority live for at least several billion years and some, like the frugal red dwarfs, take trillions of years to use up their nuclear reserves.

If you lived on a planet revolving around a star in Andromeda, the sky would be filled with twinkling suns just like we see on Earth. You’d be free to create whatever constellations you wanted. Through a telescope, entirely different nebulae and star clusters would be visible across the alien sky. Assuming your planet as located in the thick disk of the galaxy as the sun and planets are in the Milky Way, you could look up and see a ribbon of hazy light cutting across the sky—the Andromeda Way. While its contours would vary, it would bear an uncanny resemblance to the Milky Way’s appearance from a dark sky on Earth.

The Milky Way and Andromeda are the two largest galaxies in a ragtag assemblage of at least 54 galaxies called the Local Group, a small cluster held together by their mutual gravitational attraction. On an even broader scale, the Local Group is a small piece of a vastly larger supercluster of galaxies centered in the constellation Virgo 50 million light-years away. Like those Russian matryoshka nesting dolls, the universe scales up from subatomic particles to human beings to planets to stars to galaxies to galaxy clusters and superclusters as far as we can see.

We can thank American astronomer Edwin Hubble for this grand perspective. One hundred years ago, many astronomers considered the Milky Way the sum total of the entire universe. What we know as separate galaxies today were once thought to be tucked within the bounds of just a single galaxy—our own. It was Hubble’s discovery of the Andromeda Galaxy’s vast distance that cracked open the cosmos and changed our perspective forever. By the late 1920s, the Milky Way took its place as one of myriad galaxies aglow against the blackness of space, like cities seen at night from the air.

Winter Skies

11:00 p.m. in late December, 8:30 p.m. in late January, 7:00 p.m. in late February.

The murmur of streams mingled with the dry clatter of fall leaves has ceased by December. Winter nights are soundless save for the gunshot-like explosions of trees cracking in the cold as their sap freezes and splits the wood.

Earth feels closer to outer space in winter than at any other time of year. Not only do silent nights match the soundlessness of space, but it gets cold. Shielded from the sun and nearby stars, the temperature of outer space drops to only a few degrees above absolute zero (-459.67°F / -273.15°C), a chill you can relate to if you’ve been out for an hour or two at 20° below zero (-29°C).

But if you dress warmly and use hand and feet warmers as necessary, winter nights make for fantastic stargazing. Orion the Hunter isn’t the only thing that glitters. He ushers in a host of constellations, many of which tout first magnitude or brighter stars. Depending on when you time your outing, up to a dozen of the 25 brightest stars twinkle around the sky, from departing Vega and Deneb in the west to Sirius rising in the east.

All this glitter has led to the common belief that winter skies are the clearest and darkest of the year. I’m hesitant to pop this bubble, but here goes. It’s true that cold brings drier air with less starlight-absorbing moisture, but this is a minor factor. Winter also brings snow and a temporary increase in the amount of suspended aerosols such as soot from the burning of gas, oil and wood to keep our homes and apartments warm. Aerosols absorb light, and snow reflects it. Lights used to illuminate streets, ice rinks and ski hills, well-shielded or not, bounce off snow and into the sky, where they dim the view of the stars. Even small, local sources of light pollution, such as a convenience store, pump more light into the sky in winter compared with summer because of snow and ice.

After years of skywatching I can honestly say that the darkest nights come in fall, spring and even summer. Not winter. Let’s just say that all those bright stars arrayed across the southern sky in winter really make an impression. If you want to see them in the raw, untamed by light pollution, head to the countryside for the sight of your life.
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The sky at 9 p.m. local standard time in late January. We bid farewell to the Great Square and welcome the return of the rising Big Dipper in the northeastern sky. Wintertime features so many bright stars clustered up and down the southern sky, the sight (and the cold) will take your breath away. You’ll see the constellations in the same positions around 4 a.m. local time in late October, 11 p.m. in December and 7 p.m. in late February. Diagram: Bob King, Source: Stellarium
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Skywatchers look forward to the return of the sparkly yet smoky-looking Pleiades star cluster in late fall and early winter. Look for it low in the northeastern sky during early evening hours. Photo credit: Bob King

Before we explore all these goodies, let’s first see who’s exiting the scene. Facing west on a winter night, we see the departing Summer Triangle with the Northern Cross standing straight up on its end. Pegasus tips over on his side with Andromeda trailing like a ribbon fluttering from the horse’s neck. If you’re out as soon as it gets dark in late December and January, Cetus sways in the south. Two fists to the northeast (left and above) of the sea monster’s head stands the dipper-shaped Pleiades (PLEE-uh-deez) star cluster, one of the prettiest sights in the heavens.

In Greek mythology, they were called the Seven Sisters and named for the daughters of Atlas and Pleione: Maia, Electra, Alcyone, Taygete, Asterope, Celaeno and Merope. The cluster makes its first evening appearance as early as August but doesn’t become prominent until late fall and winter. I love watching them climb the eastern sky—a bunch of pearls swaddled in frosty fog—until they pinnacle high in the south on December evenings. The Pleiades have few equals. Most stars are single and separate from one other, but the cluster gets our attention because it’s a bunch of stars packed together in a small space, making it stand apart from nearly everything else in the sky.
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The Pleiades represent the daughters of the Greek titan Atlas and the sea-nymph Pleione. Most people see five at a glance, but if you look closely you should be able to spot these seven. The most difficult is Pleione. Photo credit: Rawastrodata / Wikipedia

After its neighbor the Hyades, Pleiades is the brightest star cluster in the sky and contains some 3,000 stars in total. Located about 444 light-years from Earth, the group spans 13 light-years, or about halfway from Earth to the bright star Vega. Like a school of fish, its members move together as a gravitationally-bound swarm through space.

When asked how many stars they see in the cluster, beginning observers will usually say five. That’s what most of us see at a glance, and it makes sense because the five brightest Pleiades—Alcyone, Atlas, Electra, Maia and Merope—range from magnitude +2.9 to +4.2, well within our grasp from a reasonably dark sky site. Can we do better?

According to Agnes Clerke, a late 19th-century/early 20th-century astronomer and writer: “Carrington and Denning (British amateur astronomers) counted fourteen.” Robert Burnham, in his three-volume Celestial Handbook, writes that “there are at least 20 stars in the group which might be glimpsed under the finest conditions.”


ACTIVITY: While such visual prowess requires a dark sky, excellent vision and patience, let’s see if we can at least add two to get to seven. Extend a line from Alcyone through Maia to find Taygeta. Once we know where to look, most of us can spot this one pretty easily. A touch of averted vision, or looking “around” the object of interest instead of directly at it, should coax it into view. It’s the next one, Pleione, that gives many observers trouble. Not only is it fainter, but the star nestles up against brighter Atlas. Seeing it requires good dark adaptation, patience and swapping back and forth between direct and averted vision.
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One fist to the east (left) of the Pleiades, you’ll run right into the face of Taurus the Bull, composed of a V-shaped star cluster called the Hyades. Bright Aldebaran appears to fit right into the cluster, but it’s really a foreground star. Photo credit: Bob King

The haziness of the Pleiades comes from several sources: the compactness of the group, which makes our eyes create a haze of light enveloping them; the light of stars too faint to be seen directly and stardust within the cluster set aglow by starlight. I encourage you to sweeten the view with binoculars after you’ve become familiar with its naked-eye appearance. I think you’ll be delighted by how many more stars you’ll see.


ACTIVITY: What could be more fun than one star cluster? How about a second one right next door? One fist southeast of the Seven Sisters, you can’t miss the Hyades (HYE-uh-deez), a little “V” of stars about three fingers wide highlighted by the bright orange star, Aldebaran. The V represents the face of Taurus the Bull with Aldebaran as one of its gleaming eyes. Aldebaran makes a good show at belonging to the Hyades, but it’s really a foreground star that just happens to lie in the same line of sight as the cluster. We appreciate its glowing presence because it completes the “V.” Without Aldebaran, the bull would be missing an eye.
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If you face east as Orion is rising—the time shown here is Christmas at 7:00 p.m.—you can star-step from the belt to the Hyades and upward to the Pleiades. Source: Stellarium

The Hyades is the nearest and brightest cluster to Earth with a distance of only 151 light-years, much closer than the Pleiades, which is one of the reasons it appears larger. Deep photographs of the Hyades reveal 300 to 400 members; you’ll see a dozen with the unaided eye and nearly a hundred in binoculars. Poser Aldebaran sits in the foreground only 65 light-years away. NASA’s Pioneer 10 spacecraft, which returned the first close-up pictures of Jupiter in 1973, is headed in the direction of Aldebaran and will reach its vicinity in about two million years. I’m hoping by then I’ll finally be caught up on the sleep I’ve lost after years of scanning the skies.

In Greek mythology, the Hyades were the five daughters of Altas and half-sisters to the Pleiades. After the death of their brother, Hyas, the sisters wept in sorrow and were placed in the sky as stars by Zeus. Rainy weather has been associated with the Hyades since ancient times. The Greeks believed that their rising and setting brought rain. We can use the cluster’s first evening appearance in mid-fall as a reminder of the changing weather and coming snow.


ACTIVITY: The moderately challenging naked-eye double star Theta (THAY-tuh) Tauri awaits your eyes a finger’s width southwest (right and below) of Aldebaran. Give it a try. Muster your keenest vision, stare straight at it and you’ll have the pleasure of spying two pearly points instead of one. Binoculars will split the pair with ease, and you might even notice a subtle difference in their colors—one is white, the other red.




ACTIVITY: Another fun challenge is to see how many Hyades you can see. At my house, on a dark, moonless night, I count a dozen stars within or very close to the V-shaped outline. A few additional members glimmer beyond. How many can you make out?



While the Hyades outline the face of Taurus the Bull (level 2), two stars, Zeta Tauri and Elnath (EL-noth), mark the tips of his horns 1½ fists northeast (left and above) of Aldebaran. Elnath belongs to Taurus but links to the 5-sided figure of Auriga the Charioteer (level 2), a constellation we first met in the western spring sky. On late January evenings, Auriga beams down from the zenith, forcing you to lean way, way back to see it. Better to sprawl out on the ground or float on your back in a hot tub.
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Want to see a stellar eclipse? Keep an eye on Algol, a close binary star in Perseus the Hero. Every few days the star fades from its normal magnitude of +2.1—as bright as the North Star—to +3.4. The change is obvious to the naked eye. Photo credit: Bob King

Capella, in the constellation’s northwestern (upper right) corner, is the sixth brightest star in the night sky and shines at magnitude +0.1, a fraction fainter than summer’s Vega. In a continuing series of mythological mashups, Auriga has neither chariot nor horse, but does hold reins in his right hand and carry a she-goat (Capella) on his left shoulder. Two finger-widths below Capella, look for a skinny triangle of third magnitude stars, each of which represents a baby goat, hence the asterism’s name The Kids.

In summer, we faced toward Sagittarius and the center of the Milky Way galaxy. In winter, we look outward to the anti-center near the junction of Auriga and Taurus. With fewer stars and bright nebulae between our solar system and the galaxy’s edge, the winter Milky Way looks anemic compared with its August majesty. On a dark, moonless night, see how far you can follow the narrow band from Cassiopeia overhead through Perseus the Hero, the horns of Taurus, Gemini, Orion and Canis Major until it fades from view at the southeastern horizon. Notice how the many bright stars within and along the Milky Way’s borders contrast with its subtle, hazy glow.

Two fists to the west (right) of Auriga we meet up with Perseus the Hero. His greatest deed was to rescue Princess Andromeda from the clutches of Cetus the Sea Monster. Andromeda’s mother, Queen Cassiopeia of Ethiopia, spent a lot of time looking in the mirror boasting she was more beautiful than Juno, queen of the gods. That prompted Neptune to send a sea monster to ravage the Ethiopian coast. The only way she and her husband King Cepheus could appease Neptune was to chain their daughter to a rock along the shore and sacrifice her to the beast.
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There are several ways to find Algol. You can use bright Capella and the Pleiades to triangulate to Mirfak and from there to Algol, located one fist south of (below) Mirfak. I’ve labeled the neighboring stars, Kappa and Epsilon Persei and Gamma Andromedae, with their magnitudes, so you can compare them against Algol’s brightness during one of its eclipses. Diagram: Bob King, Source: Stellarium

Perseus happened to be on his way back home after killing the evil gorgon Medusa and spotted Andromeda in distress. After learning how she ended up in such dire straits, Perseus made a deal with Cassiopeia and King Cepheus. He’d slay the creature provided he could have Andromeda’s hand in marriage. They agreed, the beast was slain and Perseus and Andromeda lived happily ever after. You can see the whole story retold in pictures every fall and winter night. Could this be the longest running silent film of all time?

The top or northern half of Perseus is shaped like the letter “J” with “legs” of faint stars dangling below. He holds the head of the Gorgon Medusa, a woman with snakes for hair, rumored to turn anyone who looked into her eyes to stone. Perseus cut off her head by using a clever ruse—a mirrored shield that allowed him to see her reflection and sidestep the spell. A hint of the Gorgon’s terror lingers to this day in the star Algol, which glares back at Earth from Medusa’s forehead. The name Algol derives from al-ghul an Arabic word meaning “the Demon’s Head.”

The name goes back to the 10th century A.D. and suggests that skywatchers then were possibly aware of the star’s periodic dips in brightness. Most nights you look up and see Algol shining at second magnitude, but every so often it’s a magnitude and a half fainter, a remarkable and obvious change in brightness. Nearly all the brighter naked-eye stars shine with a steady, predictable light. What magic happens here? Does Medusa yet live?

Turns out that Algol is really two stars in close orbit about the other, what astronomers call an eclipsing binary star. Every 2.9 days, the larger, dimmer star glides in front of the smaller, brighter one, blocking much of its light and causing the system to fade. The entire partial eclipse requires some 10 hours: several hours of fading, two hours at minimum brightness and several more hours for Algol to return to normal light.
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When Algol fades, we’re seeing its larger, fainter companion star, Algol B, pass in front of the brighter star, Algol A. Photo credit: Bob King
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Although Perseus is a rather faint constellation, it’s easy to find just one fist below the “W” of Cassiopeia. Don’t miss seeing The Double Cluster—a fuzzy spot three fingers below the “W.” Binoculars will show it as two compact clusters sprinkled with stars. Photo credit: Bob King

You needn’t invest 10 hours to see an Algol eclipse. Oftentimes, you can catch the star either during its steep decline to minimum brightness or its equally fast rise from minimum to maximum. My favorite plan is to poke my head out during one of those times and then step out for a second look later that night. The difference in brightness amazing, plus you’re getting to see a partial stellar eclipse 93 light-years from your front door. The best!


ACTIVITY: To find out when Algol will be at minimum, check out Sky & Telescope’s Algol minimum calculator (www.skyandtelescope.com/observing/celestial-objects-to-watch/the-minima-of-algol/) and plan accordingly.



Before we depart Perseus, let’s track down one more highlight, the Double Cluster, a side-by-side pair of star clusters we briefly touched on in the fall sky. It’s easily found using Cassiopeia’s bright stars. Just drop one outstretched fist below the left side of the “W” (or above the “W” if it’s crossing the meridian in the northern sky) and look for a small, puffy cloud resembling a brighter condensation within the Milky Way. It’s not hard to spot even from suburban neighborhoods. The ancient Babylonians and Greeks also knew this little cloud, and the Greek astronomer Hipparchus included it in his catalog of the sky in 130 B.C.

To the naked eye, there’s not much more to look at than an unresolved glow about the size of two full moons, but binoculars reveal the cloud as a splendid pairing of two individual star clusters. The cluster on the left (west) is NGC 869, its companion to the right is NGC 884. Three hundred light-years separate the two, and they’re approximately 7,000 light-years from Earth.

I can’t remember with certainty which was my first constellation, but I suspect it was Orion the Hunter (level 1). I have a distinct memory of seeing the three belt stars slanting over our next-door neighbor’s roof from my bedroom window on December evenings. I used to call it OR-ee-on before I learned the proper pronunciation oh-RYE-un.

Thanks to those three stars in a row known variously as Orion’s Belt, the Three Marys, Peter’s Staff and the Yardstick, almost anyone can find Orion. It doesn’t hurt that the constellation straddles the celestial equator—an extension of Earth’s equator into the sky—allowing virtually everyone on Earth to see the sky’s best-known asterism. From the equator, the trio hovers directly overhead, from mid-latitudes, halfway between the horizon and zenith and from the polar regions, it skirts the horizon.

Each star in the belt has a name. Alnitak (ALL-nit-ack) on the east end and Mintaka (MIN-ta-ka) on the west both mean “belt” in Arabic, while the center star, Alnilam (ALL-nye-lam), which translates as “string of pearls,” is the Arabic name for the entire belt. All three are massive stars 90,000 to 375,000 times more luminous than the sun.
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There’s nothing quite like Orion the Hunter, a constellation that defines winter skywatching for northern hemisphere observers. Watch for it to rise in the eastern sky during evening hours in November. Its stellar belt never fails to impress and makes a wonderful tool for finding other constellations, such as Taurus the Bull and Canis Major the Greater Dog. Photo credit: Bob King

Many familiar patterns such as the Summer Triangle or Water Jar are happenstance alignments of stars that lie at widely varying distances. Orion’s Belt is no different, with Alnitak 800 light-years from Earth, Alnitak 1,340 light-years and Mintaka at 915 light-years. While they’re in roughly the same neighborhood, it’s not like the Hyades or Pleiades, where the stars are truly related. Look closely and you’ll notice that the belt stars don’t lie in a straight line. Alnilam “sags” a bit, marring a perfect symmetry.


ACTIVITY: Besides being the most eye-catching asterism in the sky, the Belt makes a useful tool for finding additional bright stars and their constellations. An imaginary arrow shot up through the Belt takes you to Aldebaran in Taurus. Shoot the arrow the opposite direction and you’ll arrive at Sirius, the brightest star in the sky and alpha star of Canis Major the Greater Dog.
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The 88 constellations we use come to us from European and Middle Eastern traditions, but many cultures created their own, including the Ojibwe Indians who pictured Orion as the “Wintermaker” as depicted in the Ojibwe Giizhig Anung Masinaaigan (Ojibwe Sky Star Map), 2012, created by Annette Lee, William Wilson and Carl Gawboy

The Belt sits at the center of a large rectangular figure, the main outline of Orion the Hunter (level 1). The blazing red supergiant star Betelgeuse glimmers from his left shoulder. Thanks to the movie Beetlejuice starring Michael Keaton as the maniacal Betelgeuse, the star name has become nearly as recognizable as Alpha Centauri. While the original name has been corrupted through mistranslation and transliteration over time, it originally meant something like “the Hand of Al-jauza,” a feminine figure represented in the stars of our present-day Orion. The correct and most common pronunciation is BEET-el-jooz though I’ve also heard BET-el-jooz. Betelgeuse lies 643 light-years from Earth, shines with the light of 105,000 suns and is so enormous that if put in place of the sun would reach almost to Jupiter.
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The Orion Nebula, like the Lagoon, is a stellar nursery, birthplace of hundreds of new stars. On a far future day, the stars within the nebula will blow away the remaining dust and gas and evolve into a star cluster like the Beehive on Pleiades. Photo credit: NASA, ESA, M. Robberto and the Hubble Space Telescope Orion Treasury Project Team

Its gigantic size made it the first star to ever have its size measured directly. More recent photos taken with the Hubble Space Telescope show that Betelgeuse isn’t even spherical but oval-shaped with blotchy “hot spots.” Someday this overblown gasbag of a star will run out of nuclear fuel; when that happens, it will self-implode and then explode as a brilliant supernova. It could blow tonight, next week or a thousand years from now. Have no fear. Earth is far enough away to safely weather the blast. On that future date, Betelgeuse will shine as brightly as the gibbous moon! Imagine stepping outside and seeing your shadow by starlight.

Rigel (the Foot of Al-jauza), a sparkling blue supergiant, lies diagonally opposite Betelgeuse. It’s Orion’s “beta” star even though it’s currently brighter than Alpha Orionis (Betelgeuse). This may be because Betelgeuse’s brightness varies between magnitude +0.2 and +1.1 over multiple periods, from six months to six years, so it occasionally rivals Rigel. If you make a regular habit of watching the star and comparing its brightness with nearby Procyon in Canis Minor (magnitude +0.5) and Aldebaran (+1.1), you’ll be in tune with the supergiant’s ups and downs.


ACTIVITY: The rectangular outline of Orion is easy to make out even from the suburbs, but a darker sky reveals other parts of the constellation that enhance its huntsman persona, including an arc of stars north of Betelgeuse that outline a club and a dozen or so stars that compose his shield 1½ fists to the west (right) of Betelgeuse.

Like the Belt, lines shot through the hunter’s figure will take you to new places. Look five fists up from Rigel along the diagonal line connecting it with Betelgeuse and you’ll come face-to-face with the Gemini twins, Castor and Pollux. A line from Bellatrix to Betelgeuse across the top of the constellation points directly to first magnitude Procyon in the two-star, canine stick figure Canis Minor the Lesser Dog.



Before we depart Orion, there’s something inconspicuous but magnificent you’ll want to see. On dark nights, look below the belt for a fainter trio of stars just one pinkie finger (1°) tall—this is Orion’s sword. Examine the center “star” closely with direct and averted vision. Looks a little fuzzy, doesn’t it?

Welcome to the Orion Nebula, the closest, biggest stellar nursery to Earth.

A bit of haze 1,344 light-years away expands in a telescope into a nest of gas and dust 24 light-years across, or nearly the distance from Earth to Vega. Buried within the nebula’s foggy folds are hundreds of newborn stars, only a handful of which are old enough to have blown away their dusty birth cocoons and show us their faces as gleaming new suns. Using large telescopes sensitive to dust-penetrating infrared light, astronomers have discovered some 2,000 young stars within the cloud. Four of them form a stunning quadruple called the Trapezium at its center. Visible in binoculars as a star-like spot inside the nebula, the Trapezium stars are the gurgling babies of the starry sky with an age estimated at just 300,000 years. That’s incredibly young as stars go. Consider that the sun just recently celebrated its 4.5 billionth birthday. What—you didn’t get an invitation? Ultraviolet radiation beaming from the Trapezium lights up the nebula and causes gases such as hydrogen and oxygen to fluoresce in pale greens and reds.

Throughout the Orion nebula, gravity is kneading knots of dust and gas into new stars. Slowly but surely, the nebula is converting itself into a star cluster, just as the Seven Sisters, the Beehive and Hyades clusters did long ago. We’ll leave that sight for future generations. For now, go out the next clear night and discover this stellar nursery for yourself.
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Many of winter’s stellar gems can be connected to form an enormous asterism called the Winter Hexagon. Look for it in the southern sky from January through March. Diagram: Bob King, Source: Stellarium

[image: ]

Compare the map on the opposite page with this photo of the Winter Hexagon. The figure, which includes six constellations and most of winter’s brightest stars, spans six fists high by four fists wide. Gigantic! Photo credit: Bob King

Now that we’ve met all the bright stars that give winter nights their sparkle, let’s hook them all together into one big asterism, the better to remember their names and places in the sky. Allow me to introduce the Winter Hexagon.


ACTIVITY: Seven of the season’s nine brightest stars mark off each side of a giant six-sided figure six fists high by four fists wide, or 60° x 40°. You’ll see it best when Orion stands high in the south. Begin with Rigel, drop down to Sirius and then work your way back up to Procyon (PRO-cee-on), Castor and Pollux in Gemini and from there to Capella at the zenith. Then float back down to Aldebaran and return to Rigel. Lonely Betelgeuse keeps to itself, corralled by a six-sided fence.



Sirius, also called the Dog Star, heads up Canis Major. For much of the United States and Canada, Sirius never climbs very high in the sky, so its light must pass through a greater thickness of air than stars such as Capella and Arcturus. More air means more turbulence and turbulence means twinkling. You’ll often see the Dog Star flashing and sputtering like a Fourth of July sparkler on winter and spring evenings.

While we’re on the topic of canines, our dog Sammy loved to chase snowshoe hares on moonlit winter nights in her younger days. As she focused on prey, my gaze often sought out Lepus the Hare, the rabbit that makes its home beneath Orion’s feet.
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Lepus the Hare crouches beneath the grand figure of Orion the Hunter. The best time to look for this fainter constellation is when Orion crosses the meridian in the southern sky. Diagram: Bob King, Source: Stellarium
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Three pairs of stars to the south of Ursa Major form an old Arabic asterism called the Three Leaps of the Gazelle, which look like hoof prints on the starry sphere. Photo credit: Bob King

Lepus is one of the 48 original constellations from the days of ancient Greece. Despite having only moderately bright stars, Lepus is easy to find because it resides near Rigel. Look one outstretched fist below the bottom of Orion to find the bunny in her nest.

While drawings depict the form of a rabbit among the stars of Lepus, for a long time all I saw was a dragonfly. The topmost three stars formed the dragonfly’s tail while the bottom six or so fanned out to form the wings. Only later did I realize that several faint stars directly below Rigel form a remarkable pair of ears. Suddenly, a hare materialized before my eyes like a magician pulling a rabbit out of a hat.

There’s an interesting legend about Lepus. Long ago in Greece, someone brought a pregnant hare to the island of Leros. At first, everyone thought this was a good thing as the rabbit raised one litter after another. Before long, the island was overpopulated with the furry creatures, and the hapless residents had to remove them. They put an image of the hare in the stars below Orion as a reminder that sometimes you can get too much of a good thing.

I doubt my dog would understand that sentiment.


ACTIVITY: If you turn to face the northeastern sky around 10:00 p.m. in late January (8:00 p.m. in late February), the Great Bear is back, standing on its tail as if giddy with the anticipation of spring. An imaginary gazelle bounds alongside, leaving three sets of tracks in the starry sky. This ancient Arabic star group, composed of three sets of starry hoof prints, invites us to tiptoe outdoors once again to watch the cycle of the stars anew.




Useful Websites

•  Constellation basics and downloadable maps of all 88 constellations: www.iau.org/public/themes/constellations/

•  Stories and origins of the 88 constellations: www.ianridpath.com/startales/startales3.htm

•  A binocular guide to the Andromeda Galaxy: www.skyandtelescope.com/observing/watch-andromeda-blossom-in-binoculars091620151609/

•  Will the Andromeda Galaxy collide with the Milky Way? Find out here: science.nasa.gov/science-news/science-at-nasa/2012/31may_andromeda/

•  Fly through the Orion Nebula: www.youtube.com/watch?v=cg2r5fzS7aE

•  Sky & Telescope Algol minimum calculator. Sign in and go here: www.skyandtelescope.com/observing/celestial-objects-to-watch/the-minima-of-algol/




CHAPTER SIX

MEET THE RABBIT IN THE MOON

Understand the moon’s motion and phases and use the familiar Man in the Moon face to identify lunar seas and naked-eye craters. Ever notice how big the moon looks near the horizon? We’ll explore this famous illusion as well as other lunar habits and oddities. Includes a preview of the 2017 total solar eclipse.


ACTIVITIES

•  Spot a young moon (here).

•  Find the dark side of a crescent (here).

•  Go out the next clear night, find the moon and note its phase, then follow it for several nights to watch it wax or wane. Use your fist to measure how much it moves to the east each night (here).

•  Identify the lunar seas (dark patches) by name using the labeled photo of the moon as your guide (here).

•  Challenge yourself to spot the moon’s largest seas. Hint: Do this around a full moon (here) and debunk the moon illusion (here). Does the moon change size? (here).

•  Watch a moonrise around the time of full moon to experience the Ponzo Illusion and see how the atmosphere distorts the moon’s shape and color (here).

•  Create a pinhole projector for the next solar eclipse (here).



Pleasures of Moonlight

What lights our way in the dark but shines by no light of its own? The moon. A walk in the moonlight is really a walk in reflected sunlight. Our satellite’s shattered, cratered surface receives light from the sun, absorbs a fair share and sends a few rays back our way. It’s rather like a mirror, but one that hasn’t been cleaned of dust for billions of years. Yet that light is strong enough to light our way in the dark, or to beam through an unshaded window and pool brightly on a bed in a darkened bedroom. Before electricity, farmers relied on the light of the Harvest Moon to toil into the night gathering the season’s crops. The very word “moon” is rooted in the word “month,” the time it takes the moon to cycle through its phases from new moon to new moon.

The rising of the full moon remains one of the most arresting sights in the heavens. We wait with anticipation for its orange rim to crest the horizon, and when it does, smile inside and out, our sense of wonder renewed. That’s really what lies at the root of astronomy as a hobby—living well by regularly connecting with a universe immense beyond imagination but in which we play an essential part. As I write this, a nearly full moon tugs at my gaze, tempting me outside for another walk in its silvery light.

Outside of the occasional Earth-approaching asteroid, the moon is Earth’s closest extraterrestrial buddy, orbiting at an average distance of 239,000 miles (384,600 km). Unlike the stars, which lie at barely conceivable distances, the moon’s somewhat more relatable. A lunar road trip made at average highway speeds would take 22 weeks with no bathroom breaks. Instead if we took a transcontinental jet flying at a cruising speed of 550 mph (885 kph), we’d get there in only 18 days, with killer frequent flyer miles for the effort. The Apollo astronauts reached the moon in 3 days. Much better!

Measuring 2,160 miles (3,476 km) across or about 500 miles (805 km) shy of the width of the continental United States, the moon’s a quarter the size of Earth but over 700 miles (1,126 km) larger than Pluto. Seen from afar, its proportionately large size compared with Earth might make a visiting alien consider the two a double planet.
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People stroll while others fish on the frozen surface of Lake Superior under a bright full moon. A moonlit walk, whether on ice or solid ground, is a great way to unwind at the end of the day. Photo credit: Bob King
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The moon, with a diameter of 2,160 miles (3,476 km), is about 500 miles (805 km) shy of the width of the continental United States. Compared with the Earth, it’s large enough that Earth is sometimes referred to as a “double planet.” Photo credit: Lmpascal / Wikipedia

Focus on Phases

You’ll never tire of the moon because there’s so much to see without a telescope. Let’s start with phases. The 29.5-day lunar cycle begins with the invisible new moon. It’s new because the moon is returning to the evening sky to begin a brand new cycle after a previous round of phases from evening crescent to full to morning crescent. It’s invisible (except during a solar eclipse; more on that in a moment) because it passes so close to the sun from our perspective that it’s lost in the glare of the daytime sky. Glance at the diagram of the moon’s orbit around Earth and you’ll see what I mean. New moon phase occurs when the moon passes between our planet and the sun. If the moon, Earth and sun all orbited in exactly the same flat plane, every time the moon was new, it would pass directly in front of the sun and we’d experience a total solar eclipse every month. Likewise, it would pass directly behind the Earth and into our planet’s shadow two weeks later and undergo a total lunar eclipse. Every month.
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Lunar phases are caused by the moon’s changing position in relation to the Earth and sun during its orbit. When lined up in the same direction as the sun, the moon is in new phase and invisible in the glare of day. When on the opposite side of Earth, it rises at sunset as the full moon and shines all night. Not to scale. Photo credit: Starry Night

Would we tire of too much of a good thing? We’ll never know because the moon’s orbit is tilted 5.1° with respect to the sun-Earth plane, causing it to miss both Earth’s shadow and the solar disk most months of the year. While there are more misses than “hits,” the three bodies line up often enough—either in a perfect row for a total eclipse or nearly perfect for a partial—for a minimum of four eclipses a year, with two solar and two lunar. The maximum number of eclipses that can take place in a calendar year is seven.


ACTIVITY: One day past new, the moon has traveled a short distance along its orbit and moved to the left or east of the sun, exposing a sliver of its sunlit-side to our gaze. Because the crescent still hugs the sun, we only see it for a short time low in the western sky at dusk. If you want to spot a one-day-old or “young” moon, an open view to the west is essential. The best time to watch for a thin evening crescent is when the ecliptic—the path followed by the sun, moon and planets across the sky—is titled up at a steep angle to the horizon. That happens during the spring months and boosts the moon’s altitude to a convenient viewing height. In the fall, the ecliptic makes a much shallower angle to the western horizon, and the crescent sets soon after sunset. For morning crescents, fall months are best.
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Phases are all around us but we rarely notice them. In this illustration using a woman’s face, a light is substituted for the sun. By moving the light in a circle around the subject, we can simulate all the lunar phases from full to new and everything in between. Below each face is the corresponding phase of the actual moon. Photo credit: Bob King (top sequence); Frank Barrett and Bob King (bottom sequence)

I enjoy every phase of the moon, but the singular beauty of a crescent moon nails me in my tracks every time. What is it about that sleek arc that I can’t get enough of? Is it the shape itself—both round and pointed? The sense of renewal at the sight? Twilight’s purples, roses and blues only compound the wonder of the view. Add in that mysterious-looking “dark light” that fills out the remainder of the lunar disk, and before you hovers a little slice of heaven.


ACTIVITY: You’ve probably noticed that the crescent has a “dark side.” Better known as “earthshine,” sunlight reflected from our blue, cloud-streaked globe gently illuminates the part of the moon where the sun has yet to rise. Since the light is reflected rather than direct sunlight, earthlight is faint and smoky compared with the brilliant, sunlit crescent. Have a pair of binoculars? You can use them to see the larger moon craters by earthlight. They look like ghostly spots that seem to glow like phosphorescent fungi. If you could stand on the surface of the moon, earthlight would resemble twilight here on Earth. Just as we use the moon to find our way about at night, an astronaut might use the glaring globe of Earth to avoid tripping over a lunar boulder.



Catching sight of a one-day-old moon is exciting enough, but lots of skywatchers challenge themselves to see the youngest lunar slivers without optical aid. Amateur astronomer and writer Stephen James O’Meara saw a thread-thin crescent just 15 hours and 32 minutes after new moon in May 1990 using only his eyes. Mohsen Mirsaeed of Iran holds the record for the youngest moon seen with optical aid. He observed from a mountain site using giant 40 x 150 binoculars on September 7, 2002 and held the thinnest of crescents in view for 1 minute. At the time, the moon was just 11 hours 40 minutes old and 7.5° from the sun. French amateur astrophotographer Thierry Legault made the ultimate catch when he captured a photo of the moon the instant it was new on July 13, 2013 using a sophisticated camera setup. Although invisible to the naked eye and telescope at the time, he succeeded in getting a crisp image.
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An evening crescent moon is one of the most beautiful sights in nature and never fails to get our attention. Sunlight illuminates the bottom of the moon, while light reflected from the Earth—called earthshine—faintly lights the remainder. Photo credit: Bob King

Brew Up Some Earthshine

Earthshine offers us yet another interesting perspective on phases. Did you know that Earth goes through phases, too? When we see a thin crescent, an astronaut standing on the moon sees a nearly full Earth. A half moon here means a half-Earth there. Around the time of full moon, our astronaut sees a “new” Earth so close to the sun in the lunar sky that it’s invisible in the same way we can’t see a new moon. A full Earth reflects a lot of sunlight back at the moon, so earthshine is brightest when the crescent is thinnest. As the moon’s phase waxes or increases to half and beyond, the Earth’s phase wanes or decreases, going from full to half to crescent. With less Earth to reflect sunlight, earthshine grows fainter and fainter. You can follow its progress up to about 4–5 days after new phase. After that, you’ll need binoculars or a telescope to see it. My personal earthshine record using a telescope is 10 days.


ACTIVITY: If you spend a few nights tracking the moon’s movement, you’ll see both its changing phase and increasing distance from the sun, a reflection of the moon’s revolution around the Earth. The moon moves eastward from the sun at 12° or a little more than one fist per day. As it does, the crescent fills out to half as the changing angles between moon, Earth and sun expose more of its globe to sunlight.
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A portion of the sunlight reflected from our planet reaches the moon, which reflects it back toward Earth again. Because the light is twice reflected and absorbed, it only dimly illuminates the lunar surface, giving it a ghostly appearance. Photo credit: Bob King

The boundary between lunar day and night is called the terminator. It divides the sunlit portion of the moon from what’s still in shadow. The terminator defines the line of advancing lunar sunrise from new moon to full moon, exposing more of the moon’s surface to view with each passing night. From full to new, the process is reversed and the terminator marks the line of advancing sunset as the shadow claims more and more surface until only a frail morning crescent remains.

Next time you’re on a bicycle, consider that you’re traveling at nearly the same speed as the lunar terminator—9.8 mph. At that speed, it would take about two weeks to travel halfway around the moon’s circumference.

After pulling away from the sun for seven days, the moon arrives at first quarter phase, so called because it’s completed a quarter of its circuit around the Earth. Most of us call it the “half moon” because half of the moon’s face is now in sunlight. The quarter moon makes a neat 90-degree angle with the Earth and sun and stands upright due and south at sunset. With more of the moon exposed to sunlight, moonlight is stronger and brighter. We can easily find our way by its light. I enjoy cross-country skiing by moonlight and can report that the quarter moon is just adequate for shooshing down groomed trails without a headlamp. Gibbous and full moons make far better night lights.
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Apollo 17 astronaut Harrison Schmitt stands next to a huge, split lunar boulder named “Split Rock” at the Taurus-Littrow landing site on December 13, 1972. Scientists studying samples he gathered there determined that the rock had been melted and thrown out by an impact millions of years ago. Photo credit: NASA / Eugene Cernan

What Made the Moon?

Even a casual glance at the first quarter will reveal dark and light patches speckling the lunar disk, the beginning of a pattern many of us see as a face called the man-in-the-moon. Early astronomers called the dark spots seas or maria (MAH-ree-uh), the Latin term, because they resembled great expanses of open water.


ACTIVITY: The easiest lunar seas to recognize at this phase are Mare Crisium (Sea of Crises), tucked within the moon’s upper right edge and the two big lunar eyes of Mare Serenitatis (Sea of Serenity) and Mare Tranquillitatis (Sea of Tranquility). Humankind left its first footprints on another world in the dusty Sea of Tranquility during the first Apollo moon landing on July 20, 1969.
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Mission numbers mark the locations of the six Apollo landing sites where crews of two men visited, set up science instruments, gathered 842 pounds (382 kilograms) of moon rocks and took thousands of photos between July 20, 1969 and December 14, 1972. Photo credit: NASA with additions by the author

The seas are actually giant impact basins punched out by asteroids that pummeled the moon some 3.2 to 3.9 billion years ago. Millions of years later, vast amounts of lava poured out from cracks in the lunar crust and filled the basins, creating the familiar dark spots we see today. Much of the lava consists of dark grey rock called basalt, also common on Earth. The lunar lavas get their dark color from a high content of iron and magnesium compared with the lighter regions, called the lunar highlands, which are composed of even older rock made of aluminum and calcium.

Things have calmed down considerably on our satellite since the time of its birth. About 4.5 billion years ago, some 30–50 million years after the planets formed, a Mars-size planetoid struck the Earth in a titanic collision that pulverized and ejected parts of both impactor and the young Earth. These later formed a ring of debris around our planet that gradually coalesced into the moon through the attractive force of gravity. As gravity reworked the material, pulling it into a sphere, the rock re-melted. For a time the moon was essentially an enormous ball of magma, but as it cooled, lighter materials floated to the top to eventually form the crust, what we see today as the white-toned lunar highlands. The darker, heavier rocks—the basalts—settled deeper in the crust and lunar mantle.

To look up at the moon today is to see a gigantic fossil preserved in the vacuum of outer space. Unlike the Earth, where most of our original planet’s surface has been recycled by tectonic forces and eroded by wind, water, gravity and ice, the moon looks nearly the same now as it did 3–4 billion years ago. Oh, there are “newer” craters, such as the 53-mile-wide crater Tycho, gouged out by a large meteorite impact only 108 million years ago, but for the most part we’d recognize the moon’s face then as now.

Despite its tremendously ancient surface, the moon doesn’t get a free pass from erosion. With virtually no atmosphere to act as a shield, billions of years of micrometeorite bombardment and solar wind blasts have ground down its once jagged edges into the softened, marshmallow-like contours seen in photographs returned by the Apollo astronauts and orbiting space probes. “Magnificent desolation”—that’s what Apollo II astronaut Buzz Aldrin called it.

Between first quarter and full, the terminator changes from straight to convex (bulging to the left or east) as more and more of the moon is exposed to sunlight from our perspective on Earth. Gibbous is the name given to the phase between first quarter and full. To my eye, it resembles an egg, but the name, pronounced with a hard g, derives from the Latin word for hump. More and more maria, or impact basins that later filled with lava from the lunar crust, come into view during gibbous phase, culminating in the full moon two weeks after new.
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After the half-moon or first quarter phase, the advancing edge of sunlight on the moon—called the terminator—becomes rounded as the moon fills out towards full phase. In between half and full, the moon is in waxing gibbous phase. Photo credit: Bob King
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It’s fun to see patterns in the moon. The lunar maria or seas stare back as the eyes of the “Man in the Moon.” You can also tie together a mix of seas and lunar highlands to fashion a “Woman in the Moon.” Photo credit: Starry Night

Rabbit in the Moon

The new moon sets with the sun, but 14 days after new, the moon is full and lies 180° directly opposite the sun, poking its head above the eastern horizon around the time of sunset. I like to think of the two bodies at either end of an old-fashioned teeter-totter—as the sun goes down, the moon comes up. Hours later, when the sun returns at sunrise, the moon sets in the west. Full moon means a full dose of moonlight. On a winter night, when the moon stands near the zenith and snow covers the ground, the light can be intense enough to see the color of a stop sign, a grassy field and even the coat you’re wearing. It’s subtle to be sure, but look around the next full moon and see if there isn’t enough light to fire up the cells in your eyes responsible for color vision.

Ever see a face staring back from a billowing cloud? Jesus in a tortilla? One of our strengths—and sometimes a weakness—is seeing patterns in random textures and features of the landscape, a psychological phenomenon called pareidolia (parr-i-DOH-lee-eh). I know I’ve got a bad case of pareidolia because I still see faces staring back at me from towels and tile floors. Pareidolia, the human tendency to see familiar patterns where none exist, is nearly universal, and in the case of the full moon, makes for good, innocent fun.

Take your choice. Man in the Moon? I see the eyes as the Seas of Serenity and Tranquility, the nose as a nub of lunar highlands and a wide-open mouth across the vast Ocean of Storms (Oceanus Procellarum). Others assemble the maria and highlands in slightly different ways to make a face. Woman in the Moon? Only a little imagination is required to conjure her from the dark lunar plains, complete with 1940s hairdo and shining diamond brooch. The Moon Rabbit comes to us from East Asian folklore and strings together seas across the top or northern half of the moon. Is there really a rabbit in the moon? Well, kind of. In December 2013, the Chinese rover Yutu, named for the Jade Rabbit, an important Chinese mythological character, landed on the moon and wheeled about taking pictures and studying the lunar soil. So yes, there’s a mechanical rabbit of sorts on the moon now and for a long time to come.
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Can you see the rabbit? The legs, head and tail are the easiest parts. Use binoculars if you have difficulty seeing the outline. Photo credit: Luc Viator

How Many Seas Can You See?


ACTIVITY: In the mood for a little quiz? I promise I won’t make it too tough. The next full or nearly full moon, go out and see how many lunar seas you can make out with the naked eye. You’ll not only get better acquainted with the lunar landscape, but you’ll sharpen your powers of vision. The largest lunar sea isn’t even a sea—it’s an ocean! Oceanus Procellarum, the Ocean of Storms, is a vast basalt plain spanning 1,595 miles (2,567 km) end to end and is probably the easiest single feature visible on the moon’s face.

The “eyes” of Serenity and Tranquility along with Mare Imbrium (Sea of Showers) are next, ranging from 700 miles (1,126 km) for Imbrium to 439 miles (706 km) for Serenity. To best appreciate the size of these features, imagine them as distances between destinations on Earth. Driving from my home to downtown Chicago is a near perfect match for an imaginary journey across the serene plains of Serenity.

At 152 miles (245 km) across, Mare Vaporum is the smallest easy-to-see sea. Can you spot it? Incidentally, the maria got their names from Giambattista Riccioli, a 17th-century Italian Jesuit priest and scholar who chose historical effects and weather conditions attributed to the moon as the basis for his naming scheme. Craters in the northern part of the moon were named for scholars of ancient Greece including Plato, Aristotle and Aristarchus.

Craters closer to the equator received the names of important figures from the days of Rome, such as Julius Caesar and Tacitus. Medieval European and Arabic scholars, writers and philosophers such as Clavius, Tycho and Abulfeda took up residence in the south. Riccioli was not without prejudice in his naming scheme. Sixteenth-century Danish astronomer Tycho Brahe, a proponent of the Earth-centered solar system, received the most prominent crater on the moon; contemporary astronomers Kepler, Galileo and Aristarchus, who championed the sun-centered solar system model, were banished to the Ocean of Storms. Riccioli reserved a large, dark-floored crater for himself along the moon’s western limb. Clearly, there’s no escaping politics.

Sighting seas will prepare you for our next challenge: actually seeing lunar craters with nothing but your eyeballs.



Craters Without a Telescope? No Way. Way!

I’ve always wondered what the ancients saw in the moon. Not metaphorically, but did anyone record the dark and bright blotches visible with the naked eye using ink and papyrus? Chiseled in stone?

Symbolic representations of the moon abound, and there may even be a 4,800-year-old Neolithic engraving of lunar features cut into a stone found in an ancient burial mound near Knowth, Ireland. Dr. Philip Stooke sees the outlines of lunar maria in the concentric arcs hammered into curbstones at the site.
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Two basic landscapes are visible on the moon with the naked eye—the ancient (white) lunar highlands and the dark seas or maria. The larger seas, such as Tranquility, Serenity and Showers, are quite easy to see. Others such as Nectar and Moisture are more challenging. Several prominent craters are also shown. Photo credit: Bob King

Leonardo da Vinci is often cited as the first person to realistically depict lunar features visible with the naked eye, but the earliest known non-symbolic image belongs to Flemish artist Jan van Eyck, who painted a waning gibbous moon in his Crucifixion and Last Judgement diptych. Not only is his a good lunar likeness, the moon’s tilt toward the southwestern horizon jibes with the time (3:00 p.m.) when Christ is said to have died on the cross.

Leonardo’s charcoal sketch, made around 1513–14, looks familiar to any moon watcher, but portrays only dark maria against white lunar highlands. Another notebook entry depicts a sunlit crescent edging a beautiful depiction of earthshine.

William Gilbert, best known for his book on magnets and magnetism written in 1600, also tried his hand at lunar sketching and took the next step by naming the features he recorded. While there’s a certain precision to Gilbert’s map, it lacks other obvious lunar highlights such as Copernicus, Kepler and Aristarchus, three of the craters we’ll examine.

I’m sure I’ve stared at that threesome ever since I first looked up at the moon as a boy. Like you, I’ve enjoyed the creatures and faces evoked by the dark maria and bright highlands, but it wasn’t until more recently that I realized what I was looking at—craters! Even if your vision is unexceptional like mine, you can spot several craters with nothing more than the equipment you were born with.
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Leonardo da Vinci was one of the first to depict the moon the way it appeared to the eye instead of symbolically. These are sketches he made in 1513–14.

Most of the naked-eye craters have one thing in common—they’re surrounded by rays, radial streaks of bright ejecta tossed out during their formation by impact. Rays not only “enlarge” a crater’s appearance, but the material excavated is fresh and un-darkened by the effects of space weathering. It contrasts well against the dark, hardened lavas of the lunar seas. Strictly speaking, we can’t discern the outlines of the smaller craters, but they contribute to the overall visibility of the rayed systems.

While there are hundreds of rayed craters, only a few are large enough and situated in dark maria for good visual contrast. The best time to view the four most prominent—Aristarchus, Copernicus, Kepler and Tycho—is from two days before full moon to two days after (though the first three remain in good view until last quarter phase). The high lunar sun at this time highlights lunar rays.

Copernicus, a 58-mile (93-km)-wide crater, sits at the helm of a ray system stretching over 435 miles (700 km), or some 6 arc minutes. The easiest to see of the bunch, it looks like a fuzzy white blotch in the eastern half of Oceanus Procellarum to the left (west) of the moon’s center. When you consider that the average visual acuity of the human eye is 1 arc minute, Copernicus will prove an easy catch once you know where to look.

Staring directly at the fuzzy splat, I can occasionally see the “whiter core” of the Copernicus system, composed of the actual crater and its immediate bright rays. At just shy of 1 arc minute across, the crater alone hovers at the naked-eye limit. Kepler Crater is smaller yet at just 20 miles (32 km) in diameter, but a nimbus of rays expands its presence to around 185 miles (298 km), equal to 2.6 arc minutes. While Kepler itself remains well-hidden, its encompassing rays are quite obvious against the dark-toned Oceanus Procellarum.
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Use this map to help you spot several naked-eye craters and crater-ray systems visible around the time of full moon. Tycho looks like a brighter spot against the white highlands; Copernicus-Kepler-Aristarchus form a triangle of pale patches against the gray expanse of the Ocean of Storms. Photo credit: Bob King

Aristarchus is not only one of the brightest craters on the moon it also wears a brilliant rayed ruff roughly 155 miles (250 km) across. And while it lies relatively close to the lunar limb, I never fail to see it. Together with Copernicus and Kepler, it forms a triangle trio spread across the vast lunar ocean.

Tycho’s a horse of a different color. Although this 53-mile-wide crater possesses the grandest crown of lunar rays, most of the material, including the crater itself, is set against the blinding glare of the lunar highlands. Despite a lack of contrast, Tycho’s size and freshness combine to make it visible to the naked eye as a tiny, bright concentration of light just south of Mare Nubium. Given that Tycho measures only 0.7 arc minute in diameter, I have to assume we’re seeing both the crater and its innermost cap of bright rays.

You can always pull out a pair of binoculars to confirm what you’re seeing. What a marvel, the human eye. Always up to a challenge. Trust what it can reveal, and you’ll see far.

While we’re on the topic, one of the most common questions asked by the public when we’re looking at the moon through a telescope is why we can’t see the American flags or any other signs of Apollo with the Hubble Space Telescope. It is the most powerful telescope, right? True, but it’s optimized to collect the light of faint stars and galaxies rather than peer at the moon. All telescope optics have limits to what they can resolve. The smallest possible thing Hubble’s 94-inch (2.4-m) mirror can discern on the moon is about 328 feet (100 m) across, or the length of a football field. While an impressive feat of resolution, no Apollo spacecraft comes anywhere near that size. Every piece of man-made hardware is well below the space telescope’s resolution limit.

The trick to seeing flags and other details is not necessarily a bigger telescope; it’s getting a camera in orbit close to the moon. That’s what NASA’s Lunar Reconnaissance Orbiter’s (LRO) has been doing for the past few years. Its cameras can record objects as small as 1.6 feet (0.5 m) across. Lots of things, including lunar descent modules, experiments placed there by astronauts and even flags and footpaths come into focus in LRO’s eye.

Moon Illusion Is All in Your Head

If you’ve ever been surprised by how big a rising (or setting) full moon looks, you’ve got a lot of company. Even as far back as the fourth century B.C., Aristotle noted how much bigger a horizon-hugging moon appeared compared to when viewed overhead. Back then it was attributed to magnification by the atmosphere, but now we know it’s all in our head. Photos of the rising and meridian moons show them as identical in size.


ACTIVITY: To see for yourself, take a sheet of paper and roll it up into a narrow tube. Point it at the rising moon and adjust the tube’s size until it’s a little larger than the moon’s diameter. Tape the tube so its size stays the same and look at the moon again a few hours later when it’s higher in the sky. You’ll see it fills the same space.



The illusion not only applies to the moon but also to the constellations. Many observers have noticed this when viewing constellations near setting or rising compared with mental images of those same groups viewed higher up. One night I remember seeing the trapezoid-shaped “Keystone” of Hercules setting in the northwest and was taken aback by how much larger it looked compared with its normal appearance.
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Close-up views of all six Apollo landing sites by NASA’s Lunar Reconnaissance Orbiter reveal details as small as 1.6 feet (0.5 m) across. The lunar descent modules and even astronauts’ footpaths are plainly seen from the orbiter’s altitude of just 13 miles (21 km). Hubble can’t touch this stuff! Photo credit: NASA/GSFC/Arizona State University

The Big Dipper offers one of the best examples of constellation inflation. In the fall, it looms large as it paws across the treetops low in the northern sky. Come spring, when the Dipper has climbed to nearly the zenith, it seems puny in comparison.

For as long as we’ve seen the illusion, people have been trying to explain why it happens. There’s no question it has to do with how we perceive celestial objects in a terrestrial setting, but the particulars remain elusive. So what’s going on here?

In daily experience, an object overhead, say a bird or an aircraft flying by, appears closer and therefore larger than the same bird or plane near the horizon because it really is closer. We’re built to think that objects near the horizon are (usually) more distant than those overhead because they appear to lie behind and beyond foreground objects.

But for extraterrestrial bodies such as the moon, sun and star groupings, which are identical in size whether on the horizon or at the zenith, we have no reference. Therefore, when we gaze at a horizon moon, which clearly lies beyond every object in the foreground, our brains assume it must be farther away than the overhead version. We compensate for this perception by inflating the moon’s size. In a sense, our brains force the moon to meet our expectations of how big it should be.

This perception is reinforced by yet another perception—how we see the shape of sky. Lots of us look up and imagine the sky as a flattened dome with the zenith relatively nearby and the horizon in the far distance. Our mental muscle miscalculates the moon’s distance, imagining it to be much farther off compared with its overhead distance, which brings us back to the size-forcing issue. The flattened sky perception may help explain why some airline pilots report seeing a bloated, low moon in an empty sky with no reference but the horizon.
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A fabulous full moon rises behind Mt. Hamilton framing Lick Observatory near San Jose, California. Although this photo was taken with a telescope, the moon sometimes seems this big when it’s rising or setting. Photo credit: Rick Baldridge
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How we perceive the moon’s size has to do with how far away we think it is based on what’s around it. Most of us see the top moon, seemingly located in the distance based on the convergence of the railroad tracks, as larger than the bottom Moon. Yet they’re identical. This is known as the Ponzo illusion, discovered by Italian psychologist Mario Ponzo in 1913. In a real moonrise, it’s thought that distant trees, buildings and landscape features play the role of converging lines. Photo credit: NASA

Our brains happily create powerful illusions the moment we wake up in the morning. Think of all the rectangular and square objects we come across during the day. Unless you’re staring square-on at these shapes, they should look like trapezoids of all dimensions. Do they? No—our brains still see them as squares and rectangles even when viewed up close from the side. Crazy!

What’s funny in all of this is that the rising moon is actually 1.5 percent smaller than when it’s overhead because we have to look across the radius of the Earth—just under 4,000 miles (6,437 km)—at rising time. With the moon near the zenith, we look straight into space with no Earth in the way. Perhaps the solution to the illusion lies in a mashup of perceived distance, our internal model of the sky and the Ponzo illusion.

Other explanations abound, proving that a complete solution remains a moving target. Take a look for yourself the next few nights when the frosty moon climbs above the eastern horizon.


ACTIVITY: Find a spot with a busy foreground and compare that impression with one made in a simpler setting, where you can easily block out the foreground to show an isolated moon relatively close to the horizon. Do both perspectives swell the moon’s apparent size equally? Then look at the moon when it’s high in the sky and recall its rising appearance. Does it look obviously smaller?



See a Supermoon

The moon illusion is not to be confused with another larger-than-normal full moon called the supermoon. Supermoons occur when the time of the moon’s closest approach to Earth coincides with full moon. The moon’s distance from us varies because it travels in an ellipse—not a perfect circle—with our planet off to one side of that ellipse.

During its 27-day orbit around Earth, the moon’s distance varies from about 221,450 miles (356,390 km) at its closest point (called perigee) to 252,725 miles (406,721 km) at its most distant (apogee). A perigee moon appears some 14 percent larger and shines 30 percent brighter than one at apogee. But can we really see the difference?

[image: ]

The moon’s size varies because its elliptical orbit brings it closer and farther from Earth during its 27-day revolution. When a full moon occurs at the time of closest approach (perigee) it’s known as a supermoon. Photo credit: James Schaff
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During its orbit of Earth, the moon’s distance varies from about 221,450 to 252,725 miles (356,390 to 406,721 km) averaging about 239,000 miles (384,600 km). Photo credit: Bob King

It’s tricky because there’s not another moon around with which to compare it. German amateur astronomer Dan Fisher suggests this method: “The key is not trying hard and also not staring at every moon wondering what it’s up to,” says Fischer. “My ‘method’ (and how I discovered the effect) was not knowing where in its orbit the Moon was, being surprised, checking the data, always getting it right.” Call it the covert method. You can always check to see if you got it right by visiting the Lunar Perigee and Apogee Calculator (www.fourmilab.ch/earthview/pacalc.html).

While there can also be crescent, first quarter and gibbous supermoons, few pay attention to them because none has the impact on our senses that the full moon does.

Harvest Moon Happiness

I briefly mentioned the Harvest Moon earlier, but let’s take a closer look at what makes it special. The Harvest Moon is the full moon that falls closest to the autumnal equinox, the beginning of northern autumn. Because the moon moves a fist to the east each day, it rises on average about 50 minutes later each night. But that time can vary from 25 minutes to more than an hour depending on the angle the ecliptic makes to the eastern horizon. When that angle is steep, extra time must pass for the moon to climb to the horizon and rise.

When the angle is shallow or nearly parallel to the horizon, as it is during the September and October full moons, the time between successive moonrises can be as short as 20–30 minutes. To the casual skywatcher, it seems as if the moon comes up at nearly the same time for several nights in a row. That’s exactly what happens during the Harvest Moon. Farmers appreciated this extra moonlight and made good use of it to bring in the crops.

Exactly the opposite happens six months later in the spring, when the ecliptic meets the horizon at a steep angle. Even though the moon travels the identical distance east in both seasons, its sharply inclined path in spring sends it much farther below the horizon night after night compared with fall. The spring full moon moves east and south toward the lowest point in the sky in its monthly cycle around the Earth. Seen from the northern hemisphere, that southward travel adds in extra time for the moon to reach the horizon and rise each successive night. In fall, it moves east and north toward the highest point on the ecliptic in Taurus with only brief delays in rising time from night to night.

While we’re talking about the ecliptic’s changing angle to the horizon according to season, you’ve probably noticed that a winter full moon rides much higher in the sky than a summer one. In winter, the sun sits at the lowest point in the ecliptic in the Teapot of Sagittarius and barely clears the treetops at noon. Since a full moon by definition lies opposite the sun, the winter full moon occupies the “high end” of the ecliptic, the same stretch the sun does in summer. No wonder the moon climbs so high in the winter months!

Come summer, when the sun rides high, the full moon must necessarily occupy the lowest point of the ecliptic in Sagittarius the Teapot. Those low summer moons are often tinted orange and red by the atmosphere, a topic we’ll explore next.
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During the time of the Harvest Moon in September, the angle the moon’s path makes to the horizon is very shallow, so successive moonrises are spaced only about a half-hour apart. Just the opposite happens in spring, when the moon’s path is more steeply tilted, placing the moon much lower below the horizon night after night and delaying successive moonrises by about an hour. Diagram: Bob King, Source: Stellarium

Gimme an Orange Squish

Back in grade school we learned that white light is made up of every color of the rainbow. Remember Roy G. Biv? Red, orange, yellow, green, blue, indigo, violet. You don’t need a prism to see the colors hidden in white light. Take a bright flashlight, point it at a compact disk and look at the reflections. You’ll see at least a half-dozen patches of rainbow light, each with violet at one end, red at the other and every other color in between.

Waves of visible light are very, very tiny, only about 0.0005 mm wide. Air molecules are tiny, too, but big enough to scatter away the blue part of sunlight across the sky, the reason the sky is colored blue. Around sunset and sunrise, when the sun’s light passes through the lowest, thickest part of the atmosphere, greens and yellows are also scattered away by air, dust, salt and smoke particles, leaving oranges and reds to color the sun and the sky near the sun. Likewise with the moon.

If the sky is particularly hazy, we’ll see a vivid technicolor-red moonrise. If exceptionally clear and clean, a yellow-orange one. Once the moon climbs a fist or so above the densest layer of air, it mellows to yellow and soon assumes its normal white color minus a touch of blue due to scattering by the air. Appearances to the contrary, the moon is not made of highly reflective materials. As the Apollo astronauts discovered, moon dust looks as black as ground charcoal. The next time you pull into a fresh asphalt parking lot, get out of the car and take a good look at the pavement—that’s the color of the moon! Our satellite only appears bright because we see it against the much darker sky and with our eyes adapted for night vision.
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A prism refracts white light into all the colors of the rainbow. Red is bent least and blue the most, causing the colors to spread out from one another exactly as you’d see in a real rainbow, where raindrops play the part of prisms. Photo credit: Wikipedia

What about the moon’s crazy, squished shape at moonrise? That’s caused by refraction or the bending of light by Earth’s atmosphere. Refraction occurs when light moves from one medium into another. The “broken pencil” in a glass of water is a classic example. We look through air at the top half of the pencil and through water at the bottom half. Where air and water meet, the denser medium of water bends or refracts the light in a slightly different direction, causing the pencil to appear broken.

When you look toward the horizon, your gaze slices through the lowest part of the atmosphere, where the air is thickest or densest just like the water in the glass. Even one pinkie’s width above the horizon, the air thins considerably compared with the layer touching the horizon. The denser air close to the horizon refracts or “lifts” the bottom half of the moon, the part closest to the horizon, into the top half of the moon, where the air is thinner and refraction weaker, squishing them together to make a classic oval moon at moonrise.

As the moon climbs higher, the air along your line of sight gets thinner and thinner until the effects of refraction become so slight the distortion disappears. The moon only looks like a cheeseburger for 10 or 15 minutes before assuming its more familiar circular outline. Catching a good moonrise involves planning and luck. You can always find moonrise and moonset times for your location by stopping by Timeanddate.com (http://www.timeanddate.com/moon/) and keying in your city. Be sure to select a suitable location with an open eastern horizon and arrive about 15 minutes before the moon does.


ACTIVITY: Have a pair of binoculars? The extra magnification they provide will help you see other ways the atmosphere affects the moon’s appearance at moonrise. Watch for strange ripples along its edge and distorted shapes caused by the varied layers of air the moon’s light must pass through as it ascends from the horizon. You’ll also see green and purple fringing around the moon’s edge because the atmosphere acts like a prism and spreads out the moon’s light into separate colors.



Only the Shadow Knows

Who would think that the simple act of passing into Earth’s shadow for a couple hours would make for one of the most jaw-dropping events in all of naked-eye astronomy? We’re talking about lunar eclipses, which occur on average 2–3 times a year. Unlike total solar eclipses, which are only visible along a long, narrow strip of Earth roughly 120 miles (193 km) wide, most lunar eclipses can be seen anywhere the moon’s up in the sky. That’s half the planet.

For an eclipse to occur, the sun, Earth and moon must all cue up in straight line in that order at full moon. When these conditions are met, the moon passes directly behind our planet and into its shadow. The Earth casts a shadow into space the same way trees cast shadows on the ground—with a difference. Since the Earth is a sphere, its shadow is circular. When the moon slides into our planet’s shadow, it’s deprived of sunlight. We watch as the curved edge of Earth’s shadow slowly bites into the moon’s edge the same way the arc of your front teeth bites into a cookie. Even the ancient Greeks realized that Earth must be a sphere if only because its shadow casts a curve and not some other shape across the eclipsing moon.

Earth’s shadow is composed of two nested components—the inner umbra, where the Earth completely blocks the sun from view, and an outer penumbra, where the planet only partially blocks the sun. Because the penumbra is a mix of shadow and sunlight, it’s nowhere near as dark as the umbra. During every lunar eclipse, the moon first passes through the penumbra before dipping into the umbra. Watch for a slight penumbral shading beginning about a half hour before the moon first touches the umbra and up to a half hour after it ends.
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Lunar eclipses only occur at full moon when the sun, Earth and moon line up precisely in a row. The moon slips behind Earth into its shadow and gets eclipsed for several hours before emerging into sunlight again. When the lineup is very close but not exact, we see a partial eclipse. Most months, the moon’s tilted orbit causes it to pass a few degrees north or south of the shadow and no eclipse occurs. Photo credit: Starry Night

The penumbral eclipse serves as the warm-up act for the main event when our satellite crosses into the umbra. Despite the moon’s 2,200 mph (3,540 kph) orbital speed, it takes at least several hours to traverse the shadow, making lunar eclipses easygoing events with plenty of time to catch the action.

A half hour into the umbra, half the moon is covered in dark shadow, while the other half still shines brightly by filtered, penumbral sunlight. Look closely and you’ll notice that the shadowed half has begun to glow red. An hour after the start of the partial eclipse, only a crescent-like slice of sunlit moon remains. Wonder mounts as you watch that last rind of sunlit moon pass into shadow. Lo and behold, the moon does not disappear! If our planet were airless, it would, but Earth’s atmosphere refracts or bends sunlight into the shadow and paints the moon a coppery red.

Why red? Picture yourself standing on the moon looking back at Earth during totality. From this perspective, you would see the Earth eclipse the sun with sunlight grazing the edge of the planet at a very shallow angle. This is exactly how we see the sun at sunset or sunrise when it grazes or nearly touches the horizon. From the moon, an astronaut would see a fiery collar of sunrises and sunsets ringing the entire limb of the planet. Light from this ruddy ring spills into the umbra and colors the moon a ghostly red. Fabulous!
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Earth’s shadow has two parts: the dark inner umbra where the bulk of the Earth completely hides the sun and the outer penumbra, where some sunlight can filter in. Penumbral shading isn’t obvious until the moon is well within the outer shadow. Once the moon touches the umbra, the dark “bite” of the inner shadow is immediately obvious. The numbers and letters indicate the stages of a total eclipse. “P” stands for penumbra and “U” for umbra. Photo credit: Starry Night

As the umbra devours the moon by degrees, look around the landscape and at the sky. Everything’s getting darker, spookier. During totality, the moonlight that once lit the yard and blotted the stars from the sky has trickled away. Darkness returns and with it the starry splendor of a moonless night. The transformation is strangely moving—you get this visceral feel for the grand movements of the planets and their moons. For a few brief hours, you’re a participant in the alignment of three celestial bodies. Bound up in their motion and carried along for the ride, we’re reminded again that we’re all on a cosmic journey.

You don’t need any optical aid to view a lunar eclipse, though a telescope or pair of binoculars will allow you to see subtle color variations across the moon’s face and spot stars right up to the moon’s edge, something otherwise impossible to do during full moon. Keep an eye on the color of the moon during totality. Sometimes it’s bright copper orange, other times smoky brown depending on the amount of particulates such as salt, water and volcanic dust suspended in the atmosphere at the time. Eclipses can provide important information about the state of the atmosphere. Be sure to look online for citizen-science opportunities to estimate lunar color and brightness during total eclipses.

Not all lunar eclipses are total. In some, the moon only slides through part of the umbra, and we see no more than a partial eclipse. In others, it doesn’t even get that far, passing through the penumbra and then gliding back into full sunlight. All are worth your while.
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The partially eclipsed sun is reflected in Island Lake near Duluth, Minn. on October 23, 2014. Solar eclipses occur at new moon phase, when the moon passes in front of the sun. If the lineup is exact, the moon completely covers the sun; if the moon passes slightly north or south of the sun’s center, we see a partial eclipse. Photo credit: Bob King

Go Solar

Although this book focuses on the night sky, I’d be remiss if I didn’t touch on solar eclipses. Solar eclipses occur when the orbiting moon glides between the sun and Earth, temporarily blocking the sun from view. Because of the moon’s tilted, elliptical orbit, solar eclipses occur on average 2–5 times a year rather than at every new moon. Depending on the geometry of the sun, moon and Earth, eclipses can be total or partial. Partial eclipses play out across vast regions and are relatively common, with one visible from a given location every few years. Total solar eclipses also occur regularly but are rare for a given location because the shadow the moon casts on Earth is narrow—typically only 100 miles (161 km) across. So while the lunar shadow may darken a several-thousand-mile-long strip of the planet as the moon slides across the sun’s face, it’s pencil-like width means your city is likely to be missed. On average, a total solar eclipse occurs only once every 375 years for a particular city or locale.

That’s the bad news. The good news is that North and Central America will be entering a favorable run of total solar eclipses in the next few decades. And get this—all of them are within driving distance of millions of people. Whatever you do, don’t miss a chance to stand in the moon’s shadow and experience the ultimate wonder of seeing the sun disappear behind the mobile moon. For several minutes, the black lunar disk glides in silhouette against the sun’s fiery prominences and vibrant corona (atmosphere). The temperature drops as a twilight-like darkness descends over a landscape. The eerie quality of the light alone will send chills up and down your spine. Before departing this life for whatever’s next, your sum of astronomical experiences should include at least one total solar eclipse. OK, and a long, satisfying look at Saturn in a telescope.
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Because the moon’s orbit around the Earth is tipped 5.1°, it normally passes north or south of the sun at new moon and we don’t experience a solar eclipse. But 2.4 times per year on average, it lines up between the sun and Earth to briefly block part or all of the sun from view in eclipse. Photo credit: Starry Night

The path of the next total solar eclipse on August 21, 2017 begins at the Oregon coast and slices directly across America’s heartland before exiting through South Carolina. Since it occurs in mid-summer, when so many of us are either outdoors or free to make travel plans, this eclipse will undoubtedly be witnessed by millions of people. I’ve included a map showing on where and when it’s visible. Be sure to check out Great American Eclipse (www.greatamericaneclipse.com/) curated by Michael Zeiler for everything you’ll need to know about the event.
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The next total solar eclipse in the United States happens on August 21, 2017. This map shows the path of totality (moon’s shadow) beginning at the Oregon coast and continuing across the country’s mid-section before heading out to the Atlantic Ocean. Times along the path show the length of totality, the most exciting stage of the eclipse when the moon completely covers the sun. The green lines are labeled with the time of totality along the path, while the yellow lines show eclipse magnitude or how much of the sun will be covered by the moon away from the central line. For example: 0.9 magnitude = 90 percent covered. As you can see, the entire country as well as a fair portion of Canada and Mexico will see a partial eclipse. To see the total eclipse, you must be somewhere within the yellow band. Photo credit: Michael Zeiler, GreatAmericanEclipse.com

Additional total eclipses cross parts of the United States on April 8, 2024, August 23, 2044, August 12, 2045 and March 30, 2052. During any eclipse involving the sun, you must take special precaution to never look directly at the sun at any time, except when it’s completely covered by the moon during totality. Direct sunlight can quickly damage your eyes and ruin your vision for life. Don’t be tempted. Instead, use safe filters such as eclipse glasses or a #14 welder’s glass available from your local welders’ supply store to shield your eyes at all times during the eclipse’s partial phases. You’ll find resources for these accessories at the end of this chapter.


ACTIVITY: You can also watch the eclipse indirectly by making a simple pinhole projection system with cardboard, aluminum foil and a pin. You’ll find instructions on how to do it at the San Francisco Exploratorium’s “How to View an Eclipse” site (www.exploratorium.edu/eclipse/how.html).



Coming Full Circle

Recall that the full moon rises around sunset. After full phase, the terminator reverses direction to become the line of advancing sunset, whittling away at the moon’s illuminated hemisphere to sculpt the next phase—the waning gibbous moon. If you’ve ever been out at night and wondered where the heck the moon is, chances are it’s in its waning phases and rising later than most of us are willing to stay up. But there’s an easy way to see both waning gibbous and last-quarter phases without losing sleep. The moon, mostly a creature of the night in our experience, also stalks the day.

August through October is morning-moon season, when it takes only a little effort to look up and find a bright gibbous or last-quarter moon still shining in the sunlit sky. Its rather surprising appearance has much to do with the path it takes through the sky from late summer through mid-fall. As we learned earlier, both the moon and sun follow the same path in the sky, called the ecliptic, but they circle it at different rates: The sun takes a year to complete one circuit, the moon about a month.

During August, the sun moves south along the ecliptic, vacating the high perch it occupied during early summer. Every day that passes, it drops a little lower in the sky until it bottoms out deep in the southern sky on the first day of winter. As the sun descends, the moon ascends to assume the sun’s previous high point.

In early summer, the full moon, being directly opposite the sun, occupies the lowest spot in the sky, the same place the sun will arrive at on the winter solstice. But as the sun descends with the coming of fall, the full moon climbs higher and higher.
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After full phase, the moon heads back in the sun’s direction rising later each night. We now see the phases in reverse: waning gibbous, last quarter and waning crescent. Fall mornings are ideal for spotting the waning moon in the daytime sky well after sunrise. The moon travels the highest part of the ecliptic then, exactly as the summer sun did several months earlier. Here the waning crescent moon is framed by fall foliage. Photo credit: Bob King
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Before new phase, the moon appears as a thin crescent in the morning sky lit along its left side (lunar west) and filled out with earthshine. A day or two after new phase, the moon passes to the other side of the sun and we see its right side (lunar east) illuminated. Photo credit: Bob King
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If the moon didn’t rotate (left diagram) we’d see all sides of its globe during its 27-day orbit of the Earth. The blue figure would face us at A, appear off to one side at B, disappear around the backside at C and reappear on the right side at D. Instead, the moon rotates (red arrows, right diagram) at the same rate that it revolves around Earth, so we’re presented with just one face. Astronomers say the moon exhibits synchronous rotation. If its rotation speed were out of sync with its revolution, we’d be able to see all sides during the course of a lunar orbit. Photo credit: Bob King

The September full moon rides higher than June’s but nowhere near its December–January peak. But as the autumn full moon wanes, it climbs higher and higher up the ecliptic and reaches the summer sun high point during the gibbous and last quarter phases in September and October. That puts it high in the sky and easily visible when you’re on your way to work or school. Later sunrises also boost the waning gibbous moon’s visibility in late summer and fall. The sky isn’t as bright at 7:00 or 8:00 p.m. in September as it is in June. The lower sun means a darker blue sky, making the moon even easier to spot.

After waning gibbous phase, the moon continues to rise later and later. The last quarter moon doesn’t rise until around midnight and stands straight up south at sunrise. The morning crescent sneaks over the horizon at dawn and ascends in the growing light, its horns pointed west instead of east. Ceaselessly circling the Earth, the moon will soon be new again and then return to the evening sky for another go-round.

Why Just One Face?

One of the most often asked questions about the moon is why we only ever see one face. Can we ever see the far side? Not unless you become an astronaut and join a space program with a moon mission.

Because the moon orbits the Earth in the same time it takes to spin on its axis, it always keeps the same hemisphere pointed at us. Astronomers call this lockstep rhythm synchronous rotation; it’s caused by the gravity of the Earth acting on the moon to slow its rotation to a rate equal to its orbital period of 27 days. That’s why we’re stuck with the same man-in-the-moon face for as long as humanity has looked up. Much further back in time, the moon rotated faster. Early life forms, if they had eyes, would have seen all sides of the moon as it spun more quickly through its phases.

The only people who’ve seen the hidden hemisphere are the Apollo astronauts. Apollo 8 astronaut William Anders described the view from lunar orbit in 1968: “The backside looks like a sand pile my kids have played in for some time. It’s all beat up, no definition, just a lot of bumps and holes.”
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Due to changes in its orbital speed over the course of its revolution and the moon’s slight inclination to Earth’s orbit, we actually see slightly more than half the moon—about 59 percent. But to fully appreciate the heavily-cratered, nearly sea-free far side, you either have to orbit the moon in a spacecraft or send back pictures via satellite. Photo credit: NASA

Indeed, the far side is nearly all ancient crust, like the white-colored near side, and saturated with impact craters from bombardment by asteroids and meteorites some 4 billion years ago. The far side crust is 50 miles (80 km) thick versus 37 miles (60 km) for the near side. The extra thickness is the likely reason for its lack of seas. Lavas that may have erupted from below couldn’t reach the surface to fill the basins carved by impacts. NASA’s Lunar Prospector probe also found more radioactive elements on the near side, where heat from their decay would have cooked up more hot magma that found its way to the surface to pool in the lunar maria.

Planet Visitation Hours

The moon travels widely every month, cruising along the ecliptic highway through all 12 constellations of the zodiac as it makes one complete cycle of the sky. While making its rounds, the moon often passes near one or more of the planets in strikingly beautiful conjunctions. Some of the most eye-catching are those involving a thin crescent nestled alongside an especially bright planet such as Venus, Jupiter or Mars. They’re the sky’s jewelry; few can resist looking at them without feeling inspired by such accidental artistry. You’ll find a list of the best conjunctions through 2019 listed in the calendar at the end of the book.

Now that we’ve gotten acquainted with the moon, let’s launch for the planets.


Useful Websites

•  The Apollo Missions: www.nasa.gov/mission_pages/apollo/index.html

•  Browse Close-up Lunar Reconnaissance Orbiter photos: wms.lroc.asu.edu/lroc_browse

•  High-resolution, interactive map of the moon: target.lroc.asu.edu/q3/

•  Supermoons through 2021: www.vercalendario.info/en/when/next-super-moon.html

•  Moonrise, moonset times for any location: www.timeanddate.com/moon/

•  2017 total solar eclipse maps, information and safe eclipse-viewing glasses: GreatAmericanEclipse.com

•  How to build a safe eclipse viewer: www.exploratorium.edu/eclipse/how.html

•  Rainbow Symphony for safe eclipse-viewing glasses: www.rainbowsymphony.com/eclipse-glasses

•  Jay Anderson’s ‘Eclipsophile’ for eclipse weather: eclipser.ca

•  Current phase of the moon: moonconnection.com

•  Astro Bob blog for upcoming bright conjunctions: astrobob.areavoices.com

•  Calendar of astronomical events through 2021: www.poynTsource.com/New/Diary.htm



Tips for Photographing Eclipses

With cameras everywhere, lots of people want to try their hand at capturing a photo of the eclipsed moon or sun in totality. Here are a few tips on how to do it:


LUNAR ECLIPSES

If you can, find a pleasing foreground like a grove of fall trees, a church or distant line of mountain peaks. The lower the moon is in the sky, the longer the telephoto lens you can use to enlarge it relative to the foreground. When the moon is high in the sky it’s more difficult to find a suitable foreground. Unless you take two separate images—one of the foreground and another of the eclipsed moon—and combine them using an imaging tool such as Photoshop.

The full moon and even the partially eclipsed moon (up to about half) are so bright that you can shoot a handheld photo without resorting to a tripod. Exposures at ISO 400 are in the neighborhood of f/8 at 1/250–1/500 second. Be aware that when you properly expose the moon, the sky and setting will be very underexposed or black unless you’re lucky enough to see an eclipse in a twilight sky.

Once the moon is more than half in shadow, open your lens up to a wider setting—f/2.8 to f/4—or increase the exposure time. Let the back of the camera’s rear replay screen be your guide. If the images look too bright, shorten your exposure. If too dim, increase the exposure or open the diaphragm (iris) to a wider aperture.

You can continue to shoot the partially eclipsed moon at f/8 from 1/30–1/125 second, but if you want to capture the faint red color showing in the eclipsed portion, place your camera on a tripod, set your lens at widest aperture (f/2.8–f/4) and expose at ISO 800–1600 from ¼ to 1 second.

The longer the telephoto lens you use, the faster the moon will cross your camera’s field of view due to Earth’s rotation. Keep your exposures under a few seconds unless you’re using a wide-angle lens. Then you can easily go 10 seconds or more on a tripod without trails. I use the “Rule of 500” as my guide. Divide the lens focal length into 500 to get the maximum number of seconds you can expose without the moon or stars trailing.

During totality, expose anywhere from ½ to a few seconds at f/2.8–f/4.5 at ISO 800–3200 when using a telephoto lens.

If you want to include both scenic foreground and stars in the picture, then switch to a wide-angle or standard lens. Open wide again and expose between 6 and 10 seconds. On the 6-second end, you’ll catch only the brightest stars and the rich colors of totality; on the longer end you’ll get lots more stars and the foreground, but the moon will look a little overexposed and not as deeply colored compared with shorter exposures.

Of course, you can go to even higher ISOs and shorten exposure times considerably. But in all but the newest, high-end cameras that comes at the price of increased graininess and less color saturation.

Where parts of the eclipse happen in twilight, even mobile phones may suffice. There should be enough light to capture a pretty scene with the moon just emerging from total eclipse and during the ensuing partial phases.




SOLAR ECLIPSES

Photographing the partial phases requires a long telephoto lens and great care using safe filters. Instead, use your mobile phone to take pictures of the “pinhole sun.” If the eclipse happens when trees are leafed out, the small spaces between the leaves make natural pinholes and will project an image of the eclipsed sun on the ground below. Set down a white piece of cardboard or sheet to see these delightful mini-suns more clearly. During the several minutes of totality, you can point your camera directly at the sun and snap away. Again, check the back or front screen to make sure your exposures are accurate. If not, adjust the settings on your camera accordingly.



(Excerpts from Sky & Telescope blogs “Lunar Craters” and “Moon Illusion” October 28 and November 15, 2015 © 2015 Sky & Telescope. Reprinted with permission.)
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During totality we get to see the sun’s spectacular corona and rosy-red flames called prominences that outline its rim. Photo credit: Pedro Ré


CHAPTER SEVEN

FACE-TO-FACE WITH THE PLANETS

Get to know the five classical planets and their unique characteristics. Learn the difference between the inner and outer planets and how to track each of them across the zodiac. If you’ve always wanted to know when and why planets align, we’ve got you covered.


ACTIVITIES

•  Use a star app, a star charting program such as Stellarium or one of the online resources listed at the end of the chapter to locate at least one bright planet the next clear night (here), find Mercury (here) and watch Venus elongate (here).

•  Identify Mars’s direct motion to the East (here).

•  Track Jupiter’s travels along the Zodiac (here).



Wandering, But Always in Sight of Home

Planets are bright and they move. That’s what makes them so fun to watch. Constellation patterns have changed little over recorded history, but the planets race around the sky like kids running laps. Each has its own pace: the faster kids—Mercury, Venus and Mars—always outrun the slower ones, Jupiter and Saturn, because they have the advantage of being closer to the sun. Planets near the sun orbit more quickly than those farther out. Ponderous Saturn, nearly a billion miles away, always comes in last of the naked-eye planets.
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Our solar system is centered on the nearest star, the sun, and comprises eight planets, millions of asteroids and comets and at least six dwarf planets with potentially thousands waiting to be discovered. A possible undiscovered ninth planet ten times more massive than Earth may also lurk at the outer edge of the solar system. 99.86 percent of the mass of the solar system is in the sun itself with the remaining 0.14 percent split between everything else. Not to scale. Photo credit: NASA


ACTIVITY: Because they’re constantly on the go, printed constellation maps don’t show planets. The old-fashioned way to keep track of these guys is to let the moon help you out. Remember that our satellite swings by each planet every month as it orbits the Earth, so moon-planet pairings happen all the time. You can also anticipate the next series of conjunctions using an online star map or by stepping through calendar dates in a sky charting computer program such as Stellarium, described in Chapter Two (here). Some star map phone apps also have this capability. Check under “Settings.” I’ve also listed two excellent online star maps that include the planets at the end of the chapter.



When you plan a night out, knowing Jupiter or Mars will be up adds an extra level of excitement to skywatching. Planets are real places with clouds, winds, deserts, storms, auroras and ice much like the orb you’re standing on. Space probes have sent back thousands of spectacular photos of every one of them, letting us form a mental picture of each. Despite the great distances that separate us, we’re all family, tracing our ancestry back 4.56 billion years ago to a colossal cloud of gas and dust that spun and compressed itself into the solar system we know today.

Despite their wandering ways, planets follow certain rules. They’ll always be found somewhere within the zodiac constellations that are strung along the ecliptic. If their orbits were tilted willy-nilly, planets could show up anywhere—Orion, Cassiopeia, the Southern Cross. They don’t because as we learned earlier, the solar system’s as flat as a pancake, and the planets travel around the sun in nearly the same plane. As you get acquainted with Pisces, Libra, Gemini and the rest of the zodiac, you’ll quickly recognize a planet as an interloper among these familiar star patterns.
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As big as the Earth seems, it’s a pipsqueak next to Jupiter and Saturn. The planets can be divided into three basic types: the rocky inner planets Mercury, Venus, Earth and Mars, the outer gas giants Jupiter and Saturn and the distant ice giants Uranus and Neptune. Photo credit: Lsmpascal / Wikipedia

Need yet another way to tell a planet apart from a star? Planets generally don’t twinkle. Atmospheric turbulence shakes and shimmies the light beaming from the stars causing them to twinkle; even in large telescopes they appear as quivering points of light. Unlike stars, planets display actual disks that are big enough to avoid getting “bounced around” by the moving air, so they shine with a calm, steady light. But not all the time. You’ll occasionally see Mars and Venus, two of the smaller planets, twinkle when they’re low in the sky and the air is especially turbulent.

There are eight official planets. In order of distance from the sun, they are Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus and Neptune. Their distances range from 36 million miles (57.9 million km) for Mercury to 2.8 billion miles (4.5 billion km) for Neptune or from 0.38 to 30 times Earth’s distance from the sun. Here are a few fun phrases to remember their order:

“My very educated mother just served us noodles.”

“Many very elderly men just snooze under newspapers.”

“Mom visits every Monday, just stays until noon.”

We can also order the planets by size from big to little: Jupiter, Saturn, Uranus, Neptune, Earth, Venus, Mars, Mercury. Jupiter’s a behemoth with a diameter of 86,881 miles (139,821 km), colorful clouds of ammonia tinged with sulfur and phosphorus, a gigantic family of 67 moons and the iconic Great Red Spot, a hurricane-like storm that’s been swirling about for at least 350 years. It would take 11 Earths to reach from one end of Jove’s giant disk to the other.

Saturn’s rings, composed of water ice, are its most famous attribute. Close-up photos taken by the Voyager and Cassini spacecraft reveal thousands of rings, so many they resemble grooves in a phonograph record. Cool, blue Uranus rotates on its side; a collision long ago with an Earth-size planet may have been to blame for its topsy-turvy tilt. Methane gas in its atmosphere gives Uranus its distinctive blue color. Neptune is only a little smaller than Uranus, but both planets have windy atmospheres and dense slurries of methane, ammonia and water ice sloshing around their rocky cores.

Arriving at Earth, we leave the realm of the giant gas and ice planets of the outer solar system to warm ourselves by the solar fire. Ours is still the only planet known to support life. From a distance, Venus and Earth both share clouds and a similar size, with Earth just 400 miles (644 km) larger, but look closer and the similarities end. Venus’s surface cooks at over 865°F (462°C) under an atmosphere 92 times heavier than our own. Don’t try standing up on the planet—the pressure on your body would be equivalent to what you’d feel more than half a mile beneath the ocean. Perpetually overcast skies also make this hellish hothouse a skywatcher’s nightmare.

Mars, the most explored of all the planets beyond Earth, may have once harbored life and might still. From photographs and measurements made by satellites and “boots on the ground” rovers, we know water once flowed copiously across the now parched landscape, as evidenced by ancient riverbeds, flood-tumbled boulders and water-rounded pebbles. In 2015, NASA scientists found long, narrow dark streaks on the walls of steep-sided craters created by trickles of water that may have bubbled up from underground aquifers. Because water is still present on the Red Planet as both ice and liquid, and temperatures, though ranging from -207°F to +80°F (-133°C to 27°C), aren’t beyond the bounds of survivability, it seems a good place to search for evidence of life.

At 4,212 miles (6,779 km) across, Mars is about twice the moon’s size and has its share of impact craters that give large parts of its southern hemisphere a distinctively lunar look. But the icy polar caps, clouds, occasional dust storms and a day only 37 minutes longer than our own make it the most Earth-like world we know of.

Mercury is the smallest planet with a diameter of 3,032 miles (4,880 km) or half again as big as the moon, and looks a lot like it with craters everywhere. But there are differences. As the planet cooled and shrank, its crust buckled, forming “wrinkled” cliffs or scarps up to a mile high and hundreds of miles long. Being so close to the sun, you’d expect Mercury to be hot. And it is, to the tune of 800°F (426°C). But with next-to-no atmosphere and exactly zero bodies of water to hold that heat in, nightside temperatures drop to a frigid -279°F (-173°C).

It was once thought that Mercury rotated at the same rate as it revolved around the sun—88 days—with one side forever facing the sun. But in 1965 astronomers bounced radar signals off the planet and discovered it spins once every 59 days, one of the slowest rotation rates in the solar system. Only Venus spins more slowly … and backward! One day on Venus equals 243 Earth days.

Pity Party for Pluto

Pluto got kicked off the planet list in 2006 when the International Astronomical Union (IAU) decreed a new definition for the word. To become a member of this exclusive club, a full-fledged planet first must orbit the sun—check!; be large enough to have crushed itself into a sphere through the force of its own gravity—check! and dominate the neighborhood around its orbit. Sorry Pluto! Bodies that rule the neighborhood sweep up smaller stuff such as comets and other asteroids, clearing a broad path around the sun. Pluto doesn’t have the gravitational wherewithal to do this, according to a contingent of IAU members, so it was demoted to dwarf planet status.
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During its July 2015 flyby of Pluto, NASA’s New Horizons spacecraft took detailed close-up photos of the ice-world (lower right) and its largest moon, Charon. Pluto resembles a planet with its round shape and system of moons, but it also shares traits with the many asteroids in the distant Kuiper Belt beyond Neptune. Photo credit: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute

Pluto lovers howled in protest, insisting their beloved planet be reinstated. But so far, the change has stuck. For now. I wouldn’t be surprised if the issue were revisited again in the coming years. Not all astronomers agree with the definition. One of them, Alan Stern, principal investigator for the highly successful New Horizons mission to Pluto, pointed out that even Earth, at Pluto’s average distance from the sun of 4.7 billion miles (7.5 billion km), wouldn’t be able to clear out so vast a volume of space and therefore by definition would lose its planet status.

In the big picture, Pluto represents one of a host of smaller, icy asteroids that populate the outer solar system beyond Neptune. Had we not changed the definition of a planet, dozens of more recently discovered large, distant asteroids would also receive the name. With many more to come.

Follow the Moon

Five planets are easily visible with the naked eye. We’ve touched on how to identify them using lunar conjunctions and other resources, but did you know planets also have conjunctions with other celestial objects including their fellow planets and stars? Because they move more slowly than the moon, planet-planet conjunctions are uncommon. We might see a half-dozen a year, mostly between the inner planets Venus and Mercury, which always lie in the sun’s vicinity, and the outer planets Mars, Jupiter and Saturn. Earth’s revolution around the sun gradually carries the outer planets to the west, where they either meet Venus or Mercury at dusk or before sunrise at dawn after their conjunction with the sun.
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The crescent moon, Venus (below moon) and Jupiter align in a spectacular conjunction over the Old Central clock tower in Duluth, Minnesota on December 1, 2008. Because the moon and planets travel the same path through the sky they often pass one another like cars on a freeway. When closest, they’re said to be “in conjunction.” You can use sky charting programs such as Stellarium to find out when the next bright conjunctions will occur. Photo credit: Bob King

Very rarely, planets occult other planets or bright stars along the ecliptic. The next occultation, involving the two brightest planets, Venus and Jupiter, occurs on November 22, 2065, but the pair will be too close to the sun for a good view that day. The next one we’ll actually have a shot at seeing happens on September 14, 2123. One lifetime sometimes isn’t enough. I wish clear skies to all of our distant relations that day.

Not all conjunctions are equal, though I suppose that’s a matter of taste. The closer two bright celestial objects become, the more striking the scene. Conjunctions catch the eye and make us stop to appreciate the beautiful things that happen right over our heads. Whenever we make the small effort to see one, we get a lift. Beauty makes a difference in our lives. The more we seek it, the higher our gratitude quotient rises.

Celebrating Birthdays Off-Planet

We can broadly divide our orbiting partners into inner planets and outer planets. Inner planets such as Mercury and Venus orbit between Earth and the sun; all the others orbit beyond the Earth. Each planet has its own orbital period or time it takes to revolve around the sun. The closest planet, Mercury, completes its year in 88 days, Venus in 225 days and Earth every 365¼ days. A year on Mars lasts 687 days, on Jupiter 12 years and on Saturn 29.5 years. Since birthdays celebrate every orbit we make around the sun, only the most fortunate among us would celebrate our third birthday party if we lived on the ringed planet.

One 84-year-long Uranian revolution of the sun surpasses the average U.S. life expectancy by five years, while Neptune takes all of 165 years to complete its orbit. I’m crossing my fingers to be around for at least one Uranian year and wish you the same.

While our focus will be the five bright planets known since ancient times, I should mention that Uranus is also visible with the naked eye if you know exactly where to look. If you’d like to find it on your own after you’ve added the others to your collection, Stellarium or a phone app will point you in the right direction. Uranus shines around magnitude +6—right at the naked-eye limit—so start with binoculars to pinpoint its location and they try to spy it with your eyes alone. Good luck!
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Mercury (below left) and a 1-day-old crescent moon punctuate the dusk on January 31, 2014. As the closest planet to the sun, you’ll always find it either low in the west at dusk or in the east at dawn. Photo credit: Bob King
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Both Mercury and Venus circle the sun inside Earth’s orbit. Their changing positions in relation to the Earth and sun cause them to show phases just like the moon. When on the opposite side of the sun from Earth, both look like tiny full moons. When they swing to the sides, they mimic the half moon and when between the sun and Earth at inferior conjunction, they’re extremely thin crescents. Photo credit: Wikipedia with additions by the author

Mercury: Catch-Me-If-You-Can Planet

If you haven’t seen the innermost planet, you’re not alone. Most of humanity hasn’t either. It’s no wonder given how closely Mercury orbits the sun. Like Venus but even more so, this planet’s on a short leash, making at most several favorable appearances—called apparitions—each year. If you know when those happen, you’ll be ready to take advantage of the opportunity.

Mercury zips around the sun every 88 days, or four times every Earth year. Named for the messenger of the Roman gods, ancient depictions show him dashing to his next appointment wearing winged sandals. Forget the jet packs and rocket belts—I want a pair of those shoes!

An evening apparition begins when the planet swings far enough east of the sun to appear low in the western evening sky shortly after sunset. Over the next few weeks, it continues moving up from the western horizon until it reaches a maximum distance of about two fists from the sun. We say the planet has reached its greatest eastern elongation. A morning apparition plays out the same way except the planet first appears low in the eastern sky and gradually moves west until it reaches greatest western elongation. Then it slowly drops back toward the sun until it disappears in the solar glare prior to its next evening apparition.

Mercury cycles back and forth in its 88-day orbit to give us about eight apparitions a year. I like to compare the planet to a paddleball, where the ball only bounds so far on its elastic string before reversing direction and returning back to the paddler. With Mercury, the planet only climbs so far away from the sun before it swings back in its direction. Of course, Mercury only appears to approach the sun after elongation.

Whenever you watch the moon pass a planet or a planet approach the sun, they’re not getting physically closer. They only appear to approach one another because the bodies are lining up along the same line of sight. The way you’d put a tree between you and the sun. In reality, they’re millions of miles apart. A look at the accompanying diagram above will make this clear.

When transitioning from evening to morning, Mercury passes between us and the sun and can’t be seen for the same reason we can’t see a new moon—it’s in inferior conjunction with the sun and lost in the glare of day. But soon enough, Mercury’s orbital motion whips it west of the sun and into the morning sky toward greatest western elongation. A few weeks later, the planet drops back toward the horizon, but this time around, it swings behind the sun in superior conjunction and disappears in the solar glare once again. The best times to grab a look at the planet are the two weeks centered on greatest elongation, when Mercury’s farthest from the sun and highest in the sky.

From the diagram here, you can see that as Mercury moves along its orbit, it shows phases just like the moon due to the planet’s ever-changing position in relation to the sun and Earth. You’ll need a small telescope to see these shape shifts, but you can sense them by paying attention to the planet’s brightness. Mercury glows faintest as a crescent and brightest around “full moon.”

Just as the crescent moon’s altitude and visibility at dusk are better in spring versus fall for northern hemisphere observers, the angle the ecliptic makes to the western horizon at dusk and dawn plays into Mercury’s visibility. When that angle is steep, as it is from mid-winter to late spring, Mercury stands relatively high in the west at dusk and can be surprisingly easy to spot. In fall, the tables are turned, and the planet can be challenging even at greatest eastern elongation.

The most favorable morning elongations, when the planet sparkles low in the eastern sky at dawn, occur from mid-summer through mid-fall. To help plan your encounter with this fleetest of planets, I’ve included a list of Mercury viewing “seasons” for northern hemisphere skywatchers. The table shows time, date, elongation (degrees of distance from the sun—the more the better) and brightness through the year 2020. I selected the best apparitions, when the planet appears at least 10° (one fist) high 30–45 minutes after sundown or before sunrise.


ACTIVITY: Start your evening Mercury vigil about 40 minutes after sunset by scanning the western sky for a solitary bright star roughly a fist above the horizon. At dawn, face east and begin looking about 45 minutes before sunrise.





	DATE
	TIME
	ELONGATION
	MAGNITUDE



	September 28, 2016
	Morning
	18° W.
	+0.6



	January 19, 2017
	Evening
	24° E.
	0.0



	September 12, 2017
	Morning
	18° W.
	-0.1



	January 1, 2018
	Morning
	23° W.
	-0.1



	March 15, 2018
	Evening
	18° E.
	0.0



	July 12, 2018
	Evening
	26° E.
	+0.7



	August 26, 2018
	Morning
	18° W.
	+0.1



	December 15, 2018
	Morning
	21° W.
	-0.2



	February 27, 2019
	Evening
	18° E.
	-0.2



	June 23, 2019
	Evening
	25° E.
	+0.7



	August 9, 2019
	Morning
	19° W.
	+0.3



	November 28, 2019
	Morning
	20° W.
	-0.3



	February 10, 2020
	Evening
	18° E.
	-0.3



	June 4, 2020
	Evening
	24° E.
	+0.7



	November 10, 2020
	Morning
	19° W.
	-0.3
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Carpeted in craters, Mercury resembles the moon but has its own unique features, including ridges found across the planet that indicate it cooled down and shrank in the past, causing the surface to buckle. Photo credit: NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie Institution of Washington

Mercury looks delicate shining solo against the pastel dusk and dawn. Forever an underdog, struggling for attention in the glare of our star. Give the little planet some love at the next observing opportunity. Keep watch for the moon. Because Mercury never steps far from the sun, it’s visited by only the thinnest of crescent moons, making these conjunctions some of the most beautiful.
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NASA’s MESSENGER spacecraft captured this view of Earth and moon on May 6, 2010 from 114 million miles (183 million km) away. Seen from afar, space is vast and Earth is tiny. Photo credit: NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie Institution of Washington

What a strange world Mercury is. A planet of extremes, where the surface broils at 800°F (426°C) at the same time that ice lines the bottoms of craters at the planet’s north pole. How is that even possible? Turns out Mercury’s axis runs nearly straight up and down (it’s tipped just 1°) like a flag pole. Permanently shaded from the sun, deep-bottomed craters in the polar regions provide a haven for ice that may have been deposited by comets crashing into the planet eons ago. NASA’s Mercury-orbiting MESSENGER spacecraft found strong evidence for it in 2011 and 2012.

We look out into the universe from one place and one place only: Earth. Not that I’m complaining—I love this old world. But wouldn’t it be nice to see what Earth looks like from another planet? On May 6, 2010, NASA’s MESSENGER spacecraft became our surrogate eyes when it turned to face our planet from Mercury and snapped this view of the Earth-moon system from 114 million miles (183.5 million km) away. Look at how small we are. Yet that dot holds everything we cherish.

Venus: The Bright Side, The Dark Side

As the brightest object in the night sky outside of the moon, Venus has been known, named and worshipped since pre-historic times. The Babylonians called it Ishtar, goddess of love and the Mayans, Chac ek, for “Great Star.” In early Greece, Venus was viewed as two separate bodies and given the name Phosphoros, the bringer of light, when visible at dawn and Hesperus, the evening star. Later, the two were combined into one as Aphrodite, the goddess of love.

The Romans borrowed many of their gods from the Greeks but gave them Latin names, hence Venus, the goddess of love and beauty, the word we use today. As an interesting side note, Hesperus was translated into Latin as Vesper, now used to describe an evening prayer, and Phosphoros as Lucifer or “light-bearer,” later used to describe a fallen angel cast into hell. Might Lucifer be a metaphor for the descent of Venus at dawn into the “fire” of the rising sun?
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Venus is unmistakable when it’s up at dawn or dusk. Often compared to the landing lights of an airplane or mistaken for a UFO, it’s the brightest object in the sky besides the moon. You can even see your shadow by it! Here, Venus leaves a gleaming path on the ocean as seen from the island of Maui in Hawaii. Photo credit: Bob King


ACTIVITY: Venus is an outstandingly bright planet, so much so that if you know where to look, you can easily see it in the middle of the day. To find it, we’ll rely again on the naked-eye observer’s favorite helping hand, the moon. When Venus is near one of its greatest elongations and the moon passes by the planet in conjunction, use your phone app, a desktop program or online star map to note Venus’s position in relation to the moon. If you then find the moon with your eyes (or binoculars) and shift your gaze to where the planet should be, it should pop into view as a white spark against the blue sky.



Like Mercury, Venus orbits the sun interior to Earth and displays phases exactly like the moon. But because the planet is farther from the sun than Mercury, it gets a lot closer to Earth when it passes between our planet and the sun at inferior conjunction, just 27 million miles (43.4 million km). Venus is also considerably larger than Mercury. These two factors make seeing a Venus crescent a snap in a pair of 7x binoculars.
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In a telescope, Venus shows a complete set of phases like the moon as it orbits the sun. When closest, it appears as a relatively large, thin crescent at the limit of the human eye’s ability to discern its shape. Binoculars magnifying 7x or higher make easy work of it. Photo credit: Statis Kalyvas / VT 2004 program

A few skywatchers say they’ve seen it with the naked eye, a most difficult feat, since the crescent tops out at 1 arc minute (one-thirtieth the width of the full moon) from tip to tip, the limit of what our eyes can resolve. I’ve tried on several occasions to eke out a shape without luck. Maybe your keen eyes will claim this astronomical trophy.

Not only does Venus better Mercury in size and proximity, it’s also fantastically reflective. Covered in a perpetual shroud of clouds that reflects 75 percent of the sun’s light back into space, it’s no wonder Venus looks so bright. Beauty and love? Naw, it’s just clouds. At eastern elongation at dusk, the showy planet is often mistaken for an airplane with its landing lights on or even a UFO. One of the advantages of getting to know the planets will be eliminating them from your list of suspected UFOs.

Whether you’re looking at the planet with the naked eye or through a telescope, Venus’s silvery appearance belies a darker side. The clouds are composed of tiny droplets of sulfuric acid, the exact same material that’s inside your car battery. Those droplets grow into raindrops, which can become electrically charged as they fall through the atmosphere and trigger bursts of lightning. They eventually evaporate in the dragon-breath air before reaching the broiling 880°F (471°C) surface.

Conditions on Venus are so extreme that none of the specially-armored Russian Venera landers that touched down on its surface from 1970 through the early 1980s survived for more than an hour or two before succumbing to the intense heat and pressure. No planet better exemplifies the concept that beauty is only skin-deep.

Venus has craters like all the other planets, but far fewer, its surface having been reworked by vast lava flows and upwellings of magma from deep beneath the crust sometime within the past 100 million years. From a geological perspective, that’s almost yesterday. Extinct and possibly still active volcanoes tower over portions of the planet, their crags and fissures illuminated by flashes of lighting. We know much about what hides beneath the cloud deck from NASA’s Magellan Mission to Venus (1990–94) which mapped the surface using radar. A link at the end of the chapter (here) will take you to NASA’s Venus Photojournal site, where you can explore Magellan’s spectacular images.

How Do I Find This Scary Place Anyway?

Like Mercury, Venus has alternating morning and evening apparitions interrupted by periods of invisibility when it’s too close to the sun to see. Venus begins an apparition with a first appearance very low in the western sky, only a few fingers above the setting sun. Day by day, it gradually pulls away from the solar glare, moving east and rising higher. The planet’s gain in altitude is a reflection of its orbital motion as viewed from Earth—it’s winging out toward us from around the backside of the sun. Venus slowly separates from the sun until it reaches greatest eastern elongation. If this occurs during spring, when the ecliptic makes a steep angle to the horizon, the planet can stand more than four fists high in the western sky at sunset and set after midnight from some locations. Venus makes a magnificent sight, outshining every other celestial object except the moon.


ACTIVITY: Like to try a little experiment? If you have access to a dark site, you can see your shadow by Venus-light. Start looking in late twilight when Venus is still high in the western sky. Once your eyes are fully dark-adapted, turn to look behind you for the dark shape of your shadow. I know this sounds crazy, but if you jump or hop around while doing this, you’ll have a better chance at seeing it because the rod cells in your retinas excel at detecting movement. You can improve your chances further by spreading a white sheet on the ground to provide better contrast.

Take note of the shadow’s quality. Does it look different from an ordinary shadow in daylight? Venusian shadows have sharp, crisp outlines because Venus is a point source of light instead of an “extended” source such as the sun, moon and most street lights. Extended sources have extended shapes. Light from one part of the sun can fill in where light from another part is blocked and vice-versa, creating soft, diffuse shadows. Point-like Venus casts a sharp-edged shadow because our bodies can fully block its narrow beam.
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During an evening appearance of Venus, called an apparition, the planet first appears low in the western sky and gradually moves up and away from the sun. The example here shows Venus’s 2016–17 run along with its changing phase (telescope required!) from month to month. Venus takes any of several paths across the evening and morning sky but never appears more than 4.5 fists from the sun. Mercury follows similar paths but never gets more than two fists from the sun. Diagram: Bob King, source: Stellarium

Even at greatest elongation, Venus stands no farther than 45–47° from the sun or about halfway between the horizon and zenith. After elongation, Venus moves inexorably closer to the sun and slenderizes to a crescent. While alike in their phases and alternating evening and morning apparitions, Mercury and Venus differ on when they’re brightest. Venus reaches a peak magnitude of -4.9, about 25 times brighter than the brightest star Sirius, when it’s a thick crescent. Proximity to Earth makes it appear huge and brilliant. Venus appears faintest when it’s on the opposite side of the sun from Earth and in full-moon phase. Greater distance makes the planet shrink to a very tiny size and correspondingly fainter magnitude. While we can’t see the phases directly with the naked eye, we can sense them as changes in Venus’s brightness over the course of an apparition.

That said, with all its clouds, Venus never really gets faint; even at minimum light, it glares at magnitude -3.8, or about 8 times brighter than Sirius.

As the planet heads toward inferior conjunction, passing between the sun and Earth, it descends toward the western horizon and soon drops out of view. If you keep track of Venus shortly before and after conjunction, you’ll wonder “what’s the hurry?” The planet moves swiftly from night to night because it’s so much closer to Earth compared with the start of its evening apparition. Just as a car passes by swiftly when seen up close, so too Venus. The goddess zips from the evening sky through conjunction and pops into the morning sky on the other side of the sun within a week or two.

In contrast to its evening appearance, when the planet has slowly worked its way toward the Earth from the far side of its orbit, the morning apparition sees Venus climb much more quickly into view and climax at greatest brilliancy much sooner. Then it lingers; hanging around for what seems like forever as it recedes from Earth and gradually approaches the sun again on its way to superior conjunction. A new cycle of visibility begins as Venus once again pulls away from the sun into the evening sky.

So much is perspective in astronomy. We live on an orbiting observatory, taking part in the cycles of our brother and sister planets. Seen from Mars, Earth is a bright “star” too, tinted blue and rubber-banding back and forth across the zodiac constellations from evening to morning to evening.

The rise and fall of Venus as the evening star takes 263 days, or nearly 9 months. It hides out in the sun’s glare for about 8 days before its “rebirth” as the morning star. Another 263 days pass until it’s too close to the sun to see. For the next 50 days, Venus disappears again until emerging anew at dusk to begin a new circuit. Its lengthier absence during the morning to evening transition happens because the planet’s located on the opposite side of the sun and as far from Earth as possible—162 million miles (260.7 million km). Great distance makes it appear to move more slowly. Assuming a constant speed, the farther away something is, the slower it will appear to travel across the sky. Makes sense, right?

One complete Venus cycle—the time from one “full moon” Venus to the next—takes 584 days and is known as its synodic period. Venus’s synodic period relates to Earth’s orbital period (365 days) in a simple ratio. Multiply 584 by 5 and you get 8 years. During this time, you’ll see five different “flavors” of morning and evening appearances ranging from excellent to just so-so. Apparitions vary depending on what time of year the planet reaches its greatest elongations. During the fall, Venus will lie lower in the western sky than in spring, when the steep angle of the ecliptic gives the planet a big boost in altitude. No matter which Venus loop you start with, you see all five possible trajectories in 8 years’ time. After that, it’s basically reruns.
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Venus and the crescent moon double-dazzle on February 27, 2009. The pairing of Venus and the crescent moon in conjunction makes for one of the most arresting sights in the heavens. Photo credit: Bob King

Stunning Conjunction Possibilities

What do you get when you pair the brightest planet with the moon? Only the most spectacular conjunctions you’ll ever see! As with Mercury, only crescent moons visit Venus because of the planet’s sun-hugging habit. A close Venus-moon conjunction makes for a riveting experience that’s sure to capture the attention of not only those anticipating the event but of anyone who happens to look up. If a nice conjunction’s coming up, find a place where you can see both Venus and the moon reflected in water or aligned with a local landmark. Because both are bright, even a cell phone will do in a pinch. Snap away during early to mid-twilight before the sky gets too dark. Venus conjuncts with other planets, too. Close matches with brilliant Jupiter make for some of the best naked-eye sights ever. On rarer occasions, the moon hides the planet from view briefly during an occultation.

Gazing at Venus, we hope we’re not seeing the future of the Earth. The planet vividly demonstrates how the accumulation of greenhouse gases can have disastrous effects. Being closer to the sun, the extra heat it received likely initiated a runaway greenhouse effect that led to a slow boiling-away of any oceans the planet may once have had. With no water left to absorb carbon dioxide and convert it into carbonate rocks such as limestone, the heat-trapping gas came to dominate the Venusian atmosphere. Venus can teach us how to better care for our own planet.

Mars: Planet on the Move

Mars gets it name from the Roman god of war, its red color reminding ancient skywatchers of blood shed during battle. These days, we know Mars’s signature color comes from rusty dust. Virtually the entire planet is covered in a thin layer of dust only millimeters thick in most places, blown hither and thither by relentless dust storms and their cousins, dust devils, over the eons. If we could vacuum it up, much of the Martian landscape would appear a drab grey. Rust usually forms when oxygen in the air and water combine with iron to create iron oxide. The crusty wheel wells of older cars are testament to the power of the oxygen-iron chemical reaction.

No one’s sure exactly how Mars got its rust. We see abundant evidence of past water rainstorms in dry stream beds across the planet, but chemical or atmospheric weathering likely played key roles. In one sense, the ancients’ blood-war connection was correct; iron in our blood cells bonds with oxygen to give them their red color. Because of its distinctive hue, Mars is easily identifiable by color alone. Venus and Mercury appear white, with Saturn and Jupiter offering only hints of yellow. Mars stands apart.
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This diagram shows the key points in both the inner and outer planets’ orbits that interest us. We’ve already touched on Venus and Mercury. Mars and the outer planets lie beyond Earth’s orbit and can appear opposite the sun in the sky, rising at sunset and shining all night long. When in conjunction, an outer planet lies in the same direction as the sun and is lost from view in the glare of day. Photo credit: S.A. Murphy / University of Michigan Astronomy

More than any other planet, Mars is relatable. Its clouds and changing weather look and feel familiar, the polar caps bear a striking resemblance to those on Earth, and the surface temperature can reach 80°F (27°C) on summer afternoons. The closer we look with our satellites from above and intrepid rovers below, the more evidence we find that water pooled right out in the open several billion years ago when Mars was far wetter and more clement than the bone-chilling desert it’s become today.

The Red Planet is the first we meet that orbits beyond the Earth, outside of our orbit. Astronomers call them superior planets, while planets inside Earth’s orbit are known as inferior planets. Venus and Mercury never stray far from the sun because they’re inside our orbit; when we look their way we’re always looking toward the direction of the sun. Because Mars can get around our backside, we can turn around to view it directly opposite the sun. Remind you of anything? How about the full moon? The full moon also lies directly opposite the sun in the sky, rising in the east at sunset and staying out all night. Like the rest of the superior planets, you can routinely see Mars in a dark sky far from the sun, something impossible to do with Venus and Mercury.

Despite the many diagrams you’ll see online and in astronomy texts, all planets travel around the sun in elliptical, not circular, orbits. An ellipse looks something like a squashed circle with the sun slightly off to one side. Venus, Earth and Neptune follow nearly circular orbits; the others are more squashed or eccentric. A near-circle orbit means a planet’s distance from the sun varies only a little over its year. But planets in more eccentric orbits, where the sun sits farther off to one side, experience more dramatic changes in distance. Mars’s orbit is more eccentric than any other planet except Mercury. During its 687-day orbit, its distance from the sun varies from 128 million to 155 million miles (206 to 249.4 million km). That’s a big difference and the reason the planet’s brightness varies so much from year to year.

As slower Mars orbits the sun, faster Earth laps it every 26 months. At those times, called oppositions, the two planets are closest and Mars appears opposite the sun in the sky, rising as the sun sets. If opposition occurs at the same time Mars is closest to the sun—called perihelion—the distance between the two planets reaches a minimum, and Mars becomes a brilliant object in the night sky blazing at magnitude -2.9, as bright as Jupiter. Not bad for a tiny planet only 4,212 miles (6,779 km) across or twice the size of the moon. Remember, proximity is everything in naked-eye astronomy—the closer the brighter, the farther the fainter. Perihelic oppositions occur every 15 to 17 years.

At opposition on May 22, 2016, Mars and Earth drew within 47.4 million miles (76.3 million km) of each other with the planet agleam at magnitude -2.0, brighter than Sirius. Get ready. The next perihelic opposition takes place on July 27, 2018 with Mars in Capricornus blazing nearly a magnitude brighter. Distant oppositions occur at aphelion, when Earth lines up with Mars when it’s farthest from the sun. The last aphelic opposition occurred on March 3, 2012 (62.7 million miles / 100.9 million km) when the Red Planet shined a respectable -1.2. Nice, but nowhere near the visual magnetism of a close approach.

The orbital motions of Mars and Earth conspire so that perihelic oppositions always happen with the planet low on the ecliptic in the Scorpius-Sagittarius-Capricornus region, while aphelic oppositions find Mars high on the ecliptic in Cancer and Leo. The time between one perihelic opposition and the next varies between 6.3 and 8.5 years.

At the start of a new apparition, when the planet reappears in the morning sky after conjunction with the sun, Mars can shine as faintly as magnitude +1.8, only as bright as one of the Big Dipper stars. Visible low in the eastern sky at dawn, the planet is decidedly inconspicuous. But as Earth slowly catches up to it, the red world swells in size and brightens while racing eastward across the zodiac. Mars scoots along quickly compared with the outer naked-eye planets Jupiter and Saturn because it’s much closer to Earth.
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Mars’ eccentric orbit causes its distance from Earth to vary from one opposition to the next in a repeating cycle. During close oppositions, the planet bests the brightest star, Sirius, and rivals Jupiter. This happens next in July 2018. Photo credit: Bob King

Mars spends a long time lost in the solar glare around conjunction because it’s far from Earth on the far side of the sun and appears to move very slowly from our perspective. But as the faster Earth outpaces it, Mars gradually separates from the sun, rising earlier and earlier and climbing higher and higher in the eastern sky before dawn. Two months before opposition, it peeps over the horizon around midnight. Then something strange happens: The planet slows down as if applying the brakes, and reverses direction.

We call this contrary behavior retrograde motion. All the outer planets perform a “retrograde loop” shortly before, during and after opposition. After briefly stopping altogether at its stationary point, the planet reverses direction and moves west instead of east, exactly the opposite of its orbital motion. A month or two after opposition, the planet slows down and reverses direction again, resuming its normal eastward movement along the ecliptic. As Mars is so much closer to Earth compared with Jupiter and the rest of the outer planets, it makes a big, obvious loop impossible for the naked-eye observer to miss.
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As the faster Earth passes Mars leading up to opposition, the Red Planet appears to slow down and temporarily travel backward in the sky, similar to the way a car slips backward when you’re passing it on the freeway. Astronomers call it “retrograde motion” as opposed to Mars’ normal or “prograde” motion to the east. Photo credit: Gary Meader

So what’s going on here? Once again, the explanation lies with Earth’s own orbital motion. As our planet catches up and overtakes Mars or another outer planet, that planet appears to slow down in the sky, stop and then move westward for a time. Once we’ve swung past it, the planet slows down again and then resumes its normal eastward motion. It helps to imagine passing a car on the freeway. As you signal, enter the left lane and accelerate, the car in the right lane appears to first slow down and then travel backward as you pass by. Mars also appears to slow down and reverse direction when the speedier Earth laps it. But it’s all illusion—the planet keeps chugging along its orbit same as ever. When it comes to the outer planets, Earth has a bad habit of hogging the left lane.
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Let’s look at a typical Mars “apparition,“ the time from when the planet first emerges from the solar glare at dawn until it disappears in evening twilight. In this panel of photographs made during 2013–14, Mars travels to the left (east) starting at the December 28 position. Shortly before opposition at the April 1 position, Mars appears to slow down and reverse direction to the right or west. On May 12, it resumes its normal motion to the east as Earth laps it. Notice that Mars starts out small and faint and swells in size (and brightness!) as both it and Earth draw closer together at opposition. Photo credit: Michael A. Phillips / maphilli14.webs.com


ACTIVITY: After opposition, Earth and Mars slowly part. The Red Planet begins to fade even as it rises earlier and earlier and becomes better placed for evening observation. Soon, Mars resumes “direct motion” to the east, competing against the westward seasonal drift of stars caused by Earth’s revolution around the sun. All the outer planets move eastward (to the left as you face south) in their orbits around the sun, but none as fast as Mars. Because it’s our next-door neighbor, it zips along at a higher speed than do distant Jupiter and Saturn, fighting the tendency to get dragged westward and disappear in the solar glow.



Jovial Jupiter

Jupiter is my favorite musical planet in Gustav Holst’s seven-movement orchestral suite The Planets. There’s a grandness to the music, a whistleable melody and good cheer. To the Romans, Jupiter was chief god before Christianity became the dominant religion of the land. Some still use the expression “By Jove,” which harks back to the Roman way to swear an oath in court.

Given that Jupiter is by far the largest and most massive planet in the solar system, its godly status seems oddly fitting. The giant orbits an average of 484 million miles (778.9 million km) from the sun or a little more than five times as far as Earth. With a diameter of about 89,000 miles (143,000 km) at its equator, it would take 11 Earths to span its girth. If you hollowed Jupiter out like a Halloween pumpkin, all the planets would fit inside with room to spare.
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Not only is Jupiter the biggest planet, it’s extremely bright and easy to follow. A pair of binoculars will show the planet’s four brightest moons as tiny points of light snuggled up next to the giant, while a telescope reveals dark cloud belts and the giant hurricane-like storm called the Great Red Spot. Photo credit: Christopher Go

Powerful winds blasting from 192 mph (309 kph) to more than 400 mph (645 kph) stretch Jupiter’s clouds into parallel stripes called belts and zones visible in a small telescope. Jupiter’s most famous cloud feature, the Great Red Spot, a hurricane-like storm more than twice the size of Earth, has been swirling around in its southern hemisphere for centuries. Like the cloud belts, you’ll need a telescope to see it.

If a day seems to go by too quickly here on Earth, be glad you don’t live on Jupiter, where one day (one rotation) flies by in just 9 hours and 56 minutes. The planet spins so fast, it defies gravity’s habit of crunching large objects into spheres. Instead, Jupiter’s rapid rotation squeezes gases in its equatorial region outward, flattening the globe into an oval shape like a squished beach ball.

The giant planet hosts a family of 67 moons, the largest of which, Ganymede, is bigger than the planet Mercury. The four brightest moons—Io, Europa, Ganymede and Callisto—are visible in nothing more than a pair of 10x binoculars. Watching them orbit from one side of the planet to the other lets us step into Galileo’s shoes and share his amazement at having stumbled upon this solar system in miniature in 1610.

As the most massive planet, Jupiter has the strongest gravitational pull, 2.4 times that of Earth. If you weigh 150 pounds (68 kg) here at home, better take it slow on Jove. There, your weight would be 150 x 2.4, or 360 pounds (163 kg). See here for the “How Much Do You Weigh on Other Planets?” table. Prefer to lose a few pounds? Head for the moon, where you’d barely tip the scale at 25 pounds (11 kg).

Outside of Venus, the moon and very occasionally Mars, Jupiter’s the third or fourth brightest object in the sky, varying between magnitude -2.5 and -2.9 at opposition, the same as a nice pass of the International Space Station. The planet’s brightness at opposition varies less than Mars because its orbit is less eccentric. Like Mars, Jupiter is an outer planet, but moves much more slowly, completing an orbit once every 12 years. Because the Earth doesn’t have to “chase it down” the way we do with faster-moving Mars, the time between successive Jupiter oppositions is just 13 months instead every 26. Given the planet’s jumbo size and sunlight-reflecting clouds, Jupiter more than makes up for its nearly half-billion mile distance from the sun and always shines with a bright, reassuring light.

[image: ]

Jupiter spends about one year in each zodiac constellation during the course of its 12-year orbit around the sun. Here’s where you’ll find it at opposition time from 2017 through 2021. Diagram: Bob King, Source: Stellarium


ACTIVITY: Jupiter’s slower gait makes it easier to track its year-to-year travels along the zodiac. A circle contains 360°, and Jupiter covers the full circle of the ecliptic in 12 years. Divide 360 by 12 and you get 30° of eastward travel per year. Happily, that’s about the length of one zodiac constellation. If you see the planet in Virgo this year, next year look for it in Libra, the next constellation to the east. The following year, you’ll see it in Scorpius, then Sagittarius and so on. No star in any of the dozen zodiac constellations approaches Jupiter in brilliance, so if you spy a brilliant object in any one of them, feel free to belt out a lusty “By Jove!”



Jupiter also makes a retrograde loop shortly before, during and after opposition, but it’s shorter because the planet is correspondingly farther away. An apparition begins with Jupiter low in the eastern sky at dawn. Gradually, as Earth’s orbital motion causes it to rise earlier and earlier, the planet climbs from dawn into darkness and becomes a prominent bright “star” in the wee hours. Rising earlier each day, Jupiter is soon up at midnight, then 10 p.m. and finally, at opposition time, it crests the eastern horizon at sunset and remains visible the entire night.

In the weeks and months after opposition, Earth’s orbital motion continues to shift the planet slowly westward. Three months past opposition, Jupiter crosses the meridian at sunset. Several months later, it’s in conjunction with the sun and ready to begin a new cycle one constellation to the east of the previous apparition. Once you get Jupiter’s rhythm down, you’ll be friends for life.

During its 12-year cycle, Jupiter visits all the bright stars of the zodiac constellations, and stops by the famous zodiac-hugging Pleiades, Hyades and Beehive star clusters. Expect to see lots of wonderful conjunctions by the moon and occasional pairings with other bright planets.

Twelve years jives nicely with transitions of our lives. Think about it. Birth to adolescence—12 years. Adolescence to adulthood and a potential career—12 years. Adult to the beginning of middle age—12 years. Jupiter can become a touchstone in our lives, its rhythm in synchrony with our own. I remember where the planet was when I got my first job as a newspaper photographer just out of college. A dozen years later, it had returned to that same spot. Where was I? In a new city, married and talking about having children. I took a moment on a walk that year to look up at the planet and recall how much had changed. Unwittingly, Jupiter became the bridge connecting two significant milestones of my life.
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Like the moon, Jupiter passes its planetary brothers and sisters in the sky to form eye-catching pairings or conjunctions. This uncommon triple conjunction of Venus (top), Jupiter and Mars (immediately left of Jupiter) occurred on October 18, 2015. Photo credit: Bob King

Saturn: Slow and Patient

A magnification of just 30x separates us from seeing Saturn’s loveliest and most iconic feature, the rings. Binoculars hint at their presence by showing the planet out-of-round. To the unaided eye, Saturn’s a serene spark of butterscotch light masquerading as a first magnitude star. Saturn reaches opposition every 378 days (12.5 months), about 13 days later each successive year. Normally, its brightness would vary only modestly from year to year were it not for the rings. Though they appear smooth in photographs taken from Earth, they’re composed of countless boulders of highly reflective water ice. Depending on how the rings present themselves from our perspective on Earth, they can add or subtract from the planet’s brightness.
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Saturn’s glamour is on display in this image made with the Hubble Space Telescope on March 22, 2004. You’ll need a telescope magnifying around 30x to see the famous iconic rings directly, but we can sense their presence in Saturn’s changing brightness during its 29.5-year orbit. Photo credit: NASA, ESA and Erich Karkoschka / University of Arizona

Because Saturn’s axis is tipped 26.7°, just 3° more than Earth’s, we alternately see the north and south faces of the rings as the planet plies its 29.5-year orbit around the sun. In between these full tilts, Saturn’s rings are briefly edge-on and practically disappear from view because they’re incredibly thin, only about 30 feet (9 m) thick. When the ring face is fully tipped toward Earth, with all those icy boulders contributing to the light, Saturn shines a full magnitude brighter (-0.3 vs. +0.6) than when it’s in an edge-on presentation.

When the planet reaches opposition in the summer sky in the low-slung constellations Scorpius and Sagittarius, the rings’ north face tilts our way and the planet looks extra bright. When opposition occurs at the high end of its run in Gemini and Taurus, the south face opens up and Saturn surges in brightness once again. In between those times, the rings are tipped partway open and the planet’s a little fainter. Watch for these changes in brightness, and you’ll get a sense of the rings opening and closing from edge-on to face-on in cycles of 15 years. The rings are fully open in summer 2017 and will appear razor-blade thin 7 years later in 2024.

Like all the bright planet names, Saturn comes to us from ancient Rome, where he was the god of agriculture and liberation. Every December, Romans celebrated Saturn in the feasting and revelry of Saturnalia, which ultimately influenced the time we celebrate Christmas. Later, Saturn came to be known as the god of time, a most appropriate role given how long the planet takes to complete its orbit. Saturn moves more slowly across the sky than any other naked-eye planet. With an average distance from the sun of almost 900 million miles (1.45 billion km)—twice as far as Jupiter—Saturn plods eastward along the zodiac at the rate of just 13° or a little more than one fist a year.
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Because Saturn’s axis is tipped much like Earth’s, we see different aspects of the rings as the planet orbits around the sun. During half of its orbit, we view the rings’ south face; during the other half, the north face. In between times at the equinoxes, Saturn’s rings appear edge-on and briefly disappear from view in amateur telescopes. Photo credit: Bob King

The slower something moves, the easier it is to keep track of. Saturn spends 2–3 years in each zodiac constellation, waxing to maximum brightness at opposition when closest to the Earth, and fading around the time of solar conjunction, when we see it on the opposite side of its orbit on the far side of the sun. Similar to Jupiter, Saturn possesses a smaller core of rock surrounded by massive layers of gas and striped clouds all spinning around in a great hurry; only 10 hours and 39 minutes separate one Saturnian sunrise from the next. Sixty-two confirmed moons orbit the planet.
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This photo montage of Saturn depicts a dozen oppositions from 2005 through 2016 and highlights our ever-changing perspective of the rings. When fully open, the planet is significantly brighter than when the rings are viewed edge-on. During half of the planet’s orbit, the rings’ north face is tipped our direction (top); during the other half we see the south face. Photo credit: Efrain Morales
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Saturn moves more slowly than Jupiter because it is about twice as far from the sun, so it lingers longer in each constellation of the zodiac. This map shows its location around opposition from 2017 through 2021. Diagram: Bob King, Source: Stellarium

All the outer planets lie beyond the “frost line,” a key division in the solar system between the small, rocky inner planets and the large, gassy outer ones. When the planets were forming 4.5 billion years ago, that line was located in the middle of the current asteroid belt between Mars and Jupiter. Inside the frost line, temperatures near the growing planets were too high for ices to form, so they picked up what was available—solids made of rock, dust and metal—and never grew large enough to hold onto the light gases of hydrogen and helium that permeated the solar nebula, the dusty-gassy cloud from which the sun and planets grew. Beyond the frost line, not only were rock and metal plentiful, so were ices of water, ammonia and methane. The outer planets glommed onto everything and eventually grew large enough to grab the hydrogen and helium, too. That’s why their atmospheres are so rich in these gases to this day.

A Saturn apparition begins like Jupiter’s, with a dawn appearance followed by a gradual drawing away from the sun into a dark sky. Several months pass before the planet rises around midnight, followed by opposition a few months later. Saturn retrogrades like its brothers Mars and Jupiter and then moves steadily east in its orbit, with successive oppositions occurring about two weeks later each year.

If you want to know in your bones how the solar system’s moving parts all fit together, follow the planets.


How Much Do You Weigh on Other Planets?

If you weigh 175 pounds (79.4 kg) on Earth:

•  66 pounds (29.9 kg) on Mercury

•  159 pounds (72.1 kg) on Venus

•  29 pounds (13.1 kg) on the moon

•  66 pounds (29.9 kg) on Mars

•  414 pounds (187.8 kg) on Jupiter

•  186 pounds (84.4 kg) on Saturn

•  155 pounds (70.3 kg) on Uranus

•  197 pounds (89.4 kg) on Neptune

•  12 pounds (5.4 kg) on Pluto (dwarf planet)

•  4,738 pounds (2149.1 kg) on the sun




Useful Websites

•  The IAU’s view of why Pluto is not a planet: www.iau.org/public/themes/pluto/

•  Latest news about Pluto including New Horizons’ mission photo gallery: pluto.jhuapl.edu/

•  NASA’s Mercury MESSENGER mission: messenger.jhuapl.edu/

•  See Venus’s volcanic landscape up close in radar images: www2.jpl.nasa.gov/magellan/

•  Mars Curiosity Mission: mars.nasa.gov/msl/

•  Get to known Jupiter better: nineplanets.org/jupiter.html

•  Cassini Mission at Saturn: saturn.jpl.nasa.gov/spacecraft/overview/

•  NASA motherlode of spacecraft photos of the planets and more: photojournal.jpl.nasa.gov/

•  Your Weight on Other Worlds (Interactive): www.exploratorium.edu/ronh/weight/




CHAPTER EIGHT

WISH UPON A SHOOTING STAR

Where do meteors come from? What’s the best time of year to see them? We answer these and other questions including Earth’s chances of getting whacked by an asteroid. Includes a table with dates and prospects for the brightest meteor showers through 2021 as well as tips on collecting meteorites.


ACTIVITIES

•  Choose a moonless night and spend an hour on your back watching for sporadic meteor showers. For “extra credit,” do the same for an hour before dawn and compare your counts (here).

•  Follow the Lyriads (here), Eta Aquarids (here) and Orionids (here).

•  Plan a visit to a museum with a meteorite collection, so you can see space rocks up close. Check the link at the end of the chapter for a listing (here).

•  Buy a meteorite for the pleasure of holding and sharing a chunk of rock not of this Earth. Check out eBay and several featured online dealer sites (here).



Go out at night under a dark sky and you’ll spot 5 to 10 meteors crisscrossing the sky every hour of every night of the year. We call them sporadic meteors because they can come from any direction. They’re the ones you might spot just by chance while out looking at planets and constellations. Meteors connect us in a very physical way to the rest of the solar system and remind us of Earth’s distant past, when meteoric bombardment was commonplace. Not a single planet or moon doesn’t bear the scars of that ancient pummeling. The planet you’re standing on began as dust grains in a vast, collapsing cloud of gas and dust called the solar nebula.
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“This photo was sheer luck,“ said Vidur Parkash. “I was trying to capture auroras and the fireball just came in front of the open shutter.” Exactly. You never know when you might see a brilliant meteor, termed a fireball, when you step outside for a look, but the more often you do, the better your chances. Photo credit: Vidur Parkash

Minute grains of rock dust, ice and metal stuck together through direct contact to make bigger clumps similar to how household dust collects into dust bunnies. Whirling around an infant sun, these clumps swept up more and more material until they grew large enough for gravity to dominate. Not only do more massive objects have the gravitational pull to sweep up ever more material, but once a rocky body reaches about 375 miles (603 km) across, its own self-gravity will mold it into a sphere. That’s why so many objects in the universe—from stars to planets to moons—have spherical or near-spherical shapes.

Through collisions and gravity, smaller objects grew into the early planets, moons, asteroids and comets of our solar system. Astronomers estimate the process of planet formation took between 1 and 10 million years. Some of the leftover material in the nebula continued to hammer the newborn orbs and pockmark their surfaces with countless craters. As of early 2016, about 190 impact craters or structures are known on Earth, the most famous being Meteor Crater near Flagstaff, Arizona. The moon, in contrast, has millions! But then the moon doesn’t have water, wind, active volcanoes and slip-sliding crustal plates to erase the scars of ancient times the way they have on Earth.

Lucky for us, the days of massive bombardment are long past, otherwise it wouldn’t be safe to step outside night or day. Some of the remaining material that remains rains down on Earth as meteors, flashes of light from incandescent dust grains that still connect us to our planet’s distant youth. Nowadays, there are just enough leftovers to spice up the night and maybe send a shiver down your spine at the sight of a bright fireball.
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The early solar system was a messy place, with growing planets bounding about and occasionally crashing into one another, sending fragments flying everywhere. Much of that early material has been incorporated into the planets, asteroids and comets, but asteroids still occasionally collide and comets spew dust every trip they make around the sun. Some of that material still pummels our planet, lighting up the sky as meteors and sometimes landing on the surface as meteorites. Photo credit: NASA/JPL/T. Pyle

For all their sparkle and occasional explosive breakups, very little goes into making a spectacular meteor. Sand and sunflower seed-size bits of rock and ice left behind by comets and asteroid collisions strike the atmosphere at anywhere from 25,000 to 160,000 mph (40,000 to 257,500 kph) and vaporize in a brilliant flash of light. How does a scrap pack such a punch? It’s all about the energy of motion. Hit a brick wall in your car going 5 mph (8 kph) and no one gets hurt, but increase the driving speed to 75 mph (120 kph) and not only will your vehicle get totaled, you likely won’t survive the crash.

Even a tiny rock can do tremendous damage if it’s moving fast. Back in 2012, a minute bit of space grit traveling many times faster than a bullet struck and chipped one of the windows in the space station’s cupola. Astronauts quickly sealed it with a protective cover. They were in no immediate danger because the windows are made of four layers of tough glass, but the episode well illustrates the power (called kinetic energy) carried by a moving object.

When a sand grain-size meteoroid—the term for a meteor before it enters the atmosphere—strikes the atmosphere, its kinetic energy energizes a long, narrow “tube” of air molecules along its entry path. When the molecules return to their previous “relaxed” state, they release the energy donated by the meteoroid to create the narrow streak of light we call a meteor. Meteor trails are typically fewer than three feet (1 m) wide but extend for about 6 miles (10 km), and appear some 60 miles (96 km) over your head. The particle that caused all the excitement burns up or vaporizes in the process, but larger chunks occasionally remain intact and plummet to Earth as meteorites. More on that in a moment.

Brilliant meteors, called fireballs, leave a powerful impression and look as if they dropped to Earth just over the next hill. Don’t be deceived. A meteor only seems close because we lack the ability to determine how far away the bright trail really is. Our only references are other bright objects in the night sky like airplanes and fireworks. Fireworks can look a lot like meteors, but they’re usually fewer than five miles (8 km) away. Consciously or unconsciously we compare the two different phenomena and imagine meteors zipping at most a few miles over our heads.

The truth may surprise you. When a meteor crosses directly overhead, the closest it can be to our noses is about 50 miles (80 km) away or the distance from your home to another town an hour away. If you spot the meteor disappearing behind a distant barn, it’s even farther away because you’ve got to add the horizontal distance across your line of sight plus the object’s height above your head. That brilliant flash over the lake? Probably a hundred miles (161 km) away.

Since most incoming debris are small, ranging from sand-size grains to small pebbles and weighing less than a couple grams, they completely burn up miles above the ground. Larger pieces are often stripped of much of their mass as frictional heat melts and sloughs away their outer layers during the fall. Many meteoroids get completely “taken apart” by the atmosphere. They’re traveling so fast the air might as well be a brick wall. Smack! and they shatter into smaller pieces, often creating a sonic boom or the sounds of “cannon fire” across the landscape. Before a potential meteorite hits the ground, it disappears from view during the “dark flight” portion of its tumble to Earth. Somewhere between 9 and 12 miles (14 and 19 km) high, most incoming meteoroids slow down, cool and cease to make the air glow. From here, they continue to drop until reaching speeds of 200–400 mph (320–645 kph) before striking the Earth.
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This image from the European Space Agency’s Rosetta Mission shows jets of dust and gas shooting from the nucleus of comet 67P/Churyumov-Gerasimenko on August 12, 2015 when the comet was closest to the sun. Rosetta was the first spacecraft to orbit a comet. Many of the meteors we see originate from dust expelled by current and past comets. Photo credit: ESA/Rosetta/Navcam
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In this illustration we’re looking down at Earth from high above the North Pole. During the course of a night, Earth turns into oncoming meteoroids and meteor rates pick up. During the evening hours, rates are lower because meteoroids have to “catch up” to our planet as it scoots along its orbit at 18.5 miles (30 km) per second. Photo credit: Bob King

Since you generally can’t see a meteorite during its final descent, the meteor trails we do see occur some seconds before any potential meteorites hit the ground. Keep in mind that witnessed meteorite falls are extremely rare with only some 5–10 reported across the planet each year.

Most meteors come from debris shed by comets, small bodies a few miles across composed of ice and dust. Heated by the sun, the ice vaporizes and carries dust away from the comet’s surface, which is pushed back to form a tail by the pressure of sunlight. Material in the tail swirls off into the comet’s orbital path like the perpetual cloud of dust followed by the Peanuts character, Pig-Pen. Over millions of years, the dust spreads into a vast, flattened disk in the plane of the planets.

As Earth rips around the sun at 67,000 mph (107,800 kph), it can’t help but strike and be struck by comet dust day and night. Particles larger than 1/12 inch (2 mm) produce visible meteor trails. The dust adds up; scientists estimate at least 5.5 tons of comet and asteroid debris arrive on Earth every day.

Asteroid crackups also contribute to the dustiness of the solar system, but when it comes to meteorites, as far as we know, nearly all are chunks of stone and metal that hail from long-ago asteroid collisions or leftover debris from the formation of the solar system 4.5 billion years ago.

Meteors and their brilliant cousins, the fireballs, can turn any night out into a memorable occasion. If you’ve never seen a dazzling meteor break apart as it powers across the sky, sooner or later you will if you spend enough time under the stars. Meteors come in all colors—crimson, electric blue, white, yellow and even garish green—depending on speed, composition or both. Most flashes only last a second or less. If you’re in a group and hear a reaction to a bright meteor and turn your head to catch a glimpse, chances are it will already be gone. But every so often, you’ll be treated to one that strikes the atmosphere at a very shallow angle, like a rock skipped on water, that can “burn” for many seconds before finally disappearing. They’re called Earth-grazing fireballs, or simply, Earthgrazers.

I once spotted a slow-moving Earthgrazer, the color of the glowing coal at the end of a cigarette, that rose up from the northeastern sky and flared for at least 15 seconds before finally burning out low in the southwestern sky. Never seen anything like it before in my life. As skywatchers, we’re primed for surprises. You never know when that next bright fireball will recharge your slumbering soul, but the odds increase every time you step outside for a look.

According to the American Meteor Society, sporadic or random meteors average only 2–4 per hour during evening hours in the first few months of the year, but gradually increase to 4–8 per hour by fall due to the direction Earth’s axis tilts and the fact that debris isn’t evenly spread around its orbit. On any given night, you’ll notice a marked increase in the number of meteors toward dawn caused by a combination of Earth’s rotation and direction of travel around the sun.

Just before dawn, we face in the direction of the planet’s orbital motion standing on the bow of the ship as it were. As we plow head-on into any dust in our path, the number of meteors flashing across the sky increases. Twelve hours later at dusk, we’re around the backside of the planet nearly opposite our direction of travel. Debris striking the atmosphere has to “catch up” to Earth from behind. Fewer meteors result. The same thing happens when you drive into a rain or snowstorm—drops of rain or flakes of snow strike the front window (Earth’s leading edge) with a fury, while the rear window (evening side) barely gets touched.

Many of us look forward to those upticks in meteor activity called meteor showers. Ten major showers offer up a bounty of flashy goodness each year. They’re divided into two groups: low-rate showers producing 10–15 meteors an hour and high-rate showers that crank out between 50 and 100 meteors an hour. In addition, there are a couple dozen minor showers with rates in the 1–5 per hour range, similar to sporadic rates. Showers are named for the constellation from which they appear to radiate. The Geminids stream from Gemini, the Orionids from Orion and the Lyrids from Lyra.

With two exceptions, all the major showers originate from comets. Every August, Earth passes through the stream of debris sloughed off by Comet Swift-Tuttle, discovered by American astronomers Lewis Swift and Horace Tuttle in 1862. Because the meteors radiate from the direction of Perseus, they’re called the Perseids. None other than Halley’s Comet “parents” the Orionids and related Eta Aquarid showers. Crazy but true—every Orionid you see is a flaming flake from the famed comet.

Watching a meteor shower is one of life’s more affordable simple pleasures. The cost? An hour or two of sleep, easily made up the following night. You can observe alone or invite friends and family to join you. I find it’s more fun to share, plus more eyes mean more meteor sightings. Several showers require getting up at the odd hour before dawn; having another person at your side will help you stay awake and share the excitement at seeing a special meteor.

If you’re a parent, bring the kids out for a look. What a great way to spend time together away from the phone or TV. Staying up late or waking in the middle of the night makes for great adventure and memories. Some parents worry about school the next day, but children rebound quickly. What they’ll learn about the sky and solar system while meteor watching can’t be replicated in the classroom.


ACTIVITY: If you’ve never seen a meteor shower, pick a rich and reliable one such as the Perseids or Geminids. Whether alone or with family or friends, find a location with a wide-open view of the sky and tuck yourself under a sleeping bag in a comfy reclining chair. Don’t forget creature comforts such as coffee, tea and a little music. Some folks find the hot tub perfect for meteor watching. Whatever works.

Once you’re settled in, stare off into space and let come what may. You can’t force a meteor. At times, there may be inexplicable 5-minute gaps between one flash and the next, then all of a sudden, three will shoot across the sky within seconds of each other. Wow! Let yourself groove with nature’s pace. Because most of us live with some level of light pollution, don’t be surprised if the number of meteors you see is less than advertised. Whatever you do, be patient and give the shower at least a half hour. Should the show tank, you’ll at least have the pleasure of quiet time with the stars.



Because shower meteors arrive on parallel paths traveling at the same speed, they appear to radiate from a single point in the sky called the radiant. This is a perspective effect identical to railroad tracks appearing to converge at a vanishing point in the distance. Meteors near the radiant leave very short trails; the farther away you look, the longer the trail. You can always tell a shower meteor from a sporadic by following its trail backward; if it returns to the radiant, it’s a shower member. Since shower meteors appear all over the sky, you don’t have to stare at the radiant for a good view. I like to watch off to one side to catch a mix of short- and long-trailed meteors.

Meteor showers often begin without fanfare a few nights before the official date of maximum; after peaking on a particular night, activity often continues for several additional nights at lower rates. One shower, the Quadrantids, has a sharp, brief maximum, while others such as the Taurids take many days to reach their peak and remain active up to a month. You might be clouded out on the best night, but that doesn’t mean you won’t see the shower. Check the weather and try looking up to several nights before or after the peak time. Also, pay attention to the phase of the moon. A bright moon not only will wash out the stars, but will cut the expected number of meteors by at least half.

Now that we know a few things about these “javelins of light” (as a friend once called them), let’s take a closer look at each of the year’s major showers. Remember that the best time of night to see the maximum number of meteors will generally be in early morning before dawn. The radiants are almost always higher up, and we benefit from Earth facing forward into the stream.

Quadrantids

Active from January 1–January 10. Peak night January 3–4.

Brief but intense and lasting no more than 6 hours, the “Quads” typically peel off around 100 meteors per hour under ideal conditions but closer to 25 per hour off-peak. The Quadrantids (kwah-DRAN-tids) get their unusual name from the former constellation Quadrans Muralis, once located below the handle of the Big Dipper. Because the shower arrives at the coldest time of the year, it’s not as familiar as warmer weather displays. The best viewing time occurs during the two hours before the start of morning twilight. Fireballs are common. The parent object for the Quads is the asteroid 2003 EH, believed to be an extinct comet.

Medium Speed: 58,000 mph (93,340 kph)

Viewing conditions year by year:

•  2017: Waxing crescent moon sets well before the shower radiant rises. Ideal viewing conditions.

•  2018: Waning gibbous moon will compromise the shower with its glare. Poor.

•  2019: Very thin waning crescent won’t affect viewing. Ideal.

•  2020: First quarter moon sets before the radiant rises. Ideal.

•  2021: Last quarter moon will compromise the shower somewhat. Still good.

Lyrids

Active from April 16–April 25. Peak night April 22–23.

A winter to early spring meteoric dry spell ends when skywatchers get a welcome spring shower from the direction of Vega in Lyra. Even though the radiant actually lies in neighboring Hercules, the shower’s always been associated with Lyra because of Vega’s eye-catching brightness coupled with the loosey-goosey constellation borders common before 1930. In that year, the International Astronomical Union precisely defined and standardized the borders of the 88 constellations, shifting the Lyrid radiant over the border into Hercules. We should be calling them Herculids, but such is tradition.


ACTIVITY: Although the radiant’s highest before dawn, you can start watching this one as early as 11:00 p.m. on April 22, when Vega and company push up in the northeastern sky like the first flowers. Expect rates of 10–25 per hour. Lyrids spring from Comet Thatcher.



Medium Speed: 67,000 mph (107,825 kph)

Viewing conditions year by year:

•  2017: Waning crescent moon will hardly affect the shower. Ideal viewing conditions.

•  2018: Waxing crescent moon sets early. Ideal.

•  2019: Waning gibbous moon will seriously compromise the shower. Poor.

•  2020: New moon. Ideal.

•  2021: Waxing gibbous moon will compromise the shower. Poor.
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The Lyrids spit from a spot near the bright gem Vega in the constellation Lyra the Harp. Although not a rich shower, you’re guaranteed to see at least a few if your sky is moon-free. The radiant rises high enough for a good view from 2:00 a.m. until dawn on April 22. Diagram: Bob King, Source: Stellarium

Eta Aquarids

Active from April 19–May 26. Peak night May 6–7.

The radiant is low in the southeastern sky an hour before the start of dawn. From mid-northern latitudes, the Eta Aquarids pitch 10–30 meteors an hour with an entire week of good activity centered on May 6–7. Southern hemisphere skywatchers have the best views because nights are longer (it’s fall there) and the radiant rises higher. A higher radiant means fewer meteors cut off by the horizon. Expect 50–60 meteors per hour from “down under,” the Caribbean and South America. A low radiant isn’t necessarily a terrible thing for northerners—it increases our chances of seeing an Earthgrazer.

Fast Speed: 94,000 mph (151,280 kph)

Viewing conditions year by year:

•  2017: Waxing gibbous moon will compromise the shower. Poor.

•  2018: Last quarter moon will compromise the shower somewhat. Still good.

•  2019: Thin evening crescent sets soon after sunset. Ideal.

•  2020: Full moon will greatly compromise the shower. Poor.

•  2021: Waning crescent moon. Ideal.


ACTIVITY: Eta Aquarids arise from Halley’s Comet and radiate from near the star Eta Aquarii. They’re swift and produce lots of meteors with “persistent trains,” glowing trails from excited air molecules that can last from a few seconds up to several minutes. You’ll sometimes see long-lasting trains twist and change shape as they’re buffeted by high winds in the upper atmosphere.



Delta Aquarids

Active from July 21–August 23. Peak night July 28–29.

Just in time for the summer season, several minor showers join forces with the Delta Aquarids to increase the odds of seeing more meteors during your nightly forays. For mid-northern observers, the Delta Aquarid radiant never gets high in the southern sky with maximum rates of 15–20 per hour. They radiate from near Delta Aquarii and are best viewed in the hour or two before the start of dawn.

Rich in faint meteors, the D.A.s put on their best show for about a week centered on the peak date. No one’s certain of its parent comet, but it might be 96P Machholz, discovered in 1986 by American amateur astronomer Don Machholz.

Medium Speed: 58,000 mph (93,340 kph)

Viewing conditions year by year:

•  2017: Waxing crescent won’t compromise this shower. Ideal.

•  2018: Full moon will seriously compromise the shower. Poor.

•  2019: Waning crescent will not affect the shower. Ideal.

•  2020: First quarter moon will affect the evening viewing but sets by midnight, leaving great conditions in the morning hours. Ideal.

•  2021: Waning gibbous moon will seriously compromise the show. Poor.
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Watch for the Perseids in mid-August when the weather’s often clear and warm temperatures make for easy viewing. The radiant is located just below the “W” of Cassiopeia in the constellation Perseus the Hero. The shower becomes active as early as late July, so if cloudy weather’s a problem on the peak date, don’t despair. Diagram: Bob King, Source: Stellarium

Perseids

Active from July 13–August 26. Peak night August 12–13.

Pleasant nights and lots of meteors make this the darling of the year’s meteor showers. Even if you’ve never heard of the Perseids, I’m betting you’ve seen a few while out admiring the sky on an August night. They radiate from a point in the constellation Perseus located a short distance below the “W” of Cassiopeia in the northeastern sky.

On a moonless night you’ll see 50–75 per hour under a dark sky. Perseids provide a wealth of all kinds of meteors: faint streaks, fireballs and meteors with long-lasting trains. As with most showers, the best time to go out is when the radiant climbs highest in the sky; for the Perseids that’s during the early morning hours before dawn. 109P Swift-Tuttle is the parent comet.

Fast Speed: 83,000 mph (133,575 kph)

Viewing conditions year by year:

•  2017: Waning gibbous will compromise the shower. Still okay.

•  2018: New moon. Ideal.

•  2019: Waxing gibbous moon will compromise the shower until it sets about an hour before the start of dawn. Best viewing then.

•  2020: Thick waning crescent will compromise the shower somewhat. Still very good.

•  2021: Waxing crescent sets before the shower gets underway. Ideal.

Orionids

Active from October 4–November 14. Peak night October 21–22.

More meteors courtesy of Halley’s Comet! The Orionids are spawned by the comet during its inbound journey to the sun and flare from near the bright red-orange star Betelgeuse in Orion.


ACTIVITY: You can start watching around midnight, when Orion rises into the eastern sky, but the shower’s best when Orion stands near the meridian from about 2–5:30 a.m. Expect to see 20–25 speedy streaks per hour. Though only a medium-strength shower, the Orionids are exciting to watch because they’re extremely swift.



Like a few other showers, they keep a trick or two up their sleeve—during the 2006–2009 showers, observers saw double the usual number of meteors. Comets sometimes shed extra dust during a particular trip around the sun and leave behind a thicker trail of debris called a filament. When Earth cuts across one of these filaments, we see elevated numbers of meteors.

Fast Speed: 92,000 mph (148,000 kph)

Viewing conditions year by year:

•  2016: Last quarter moon will somewhat compromise the view. Still good.

•  2017: New moon. Ideal.

•  2018: Nearly full moon will seriously compromise the shower until it sets, leaving about an hour of dark sky before dawn. Poor.

•  2019: Last quarter moon will compromise the shower somewhat. Still good.

•  2020: First quarter moon sets before the shower shows best. Ideal.

Southern and Northern Taurids

Active from September 7–December 10. Two peaks: October 23–24 (S. Taurids) and November 11–12 (N. Taurids).

Both Taurid showers radiate from near the Pleiades star cluster in Taurus.

Spread out over so many weeks with a dismal-sounding rate of 7 per hour, you might think they’re not worth the bother. Check again. What they lack in number, they make up in radiance. Taurids are famed for their slow-moving fireballs that can suddenly brighten up a chilly October or November night. Comet 2P/Encke supplies the goods and Earth’s atmosphere does the rest. Taurus stands highest around 2:00 a.m. in mid-October and midnight in mid-November.

Slow Speed: 39,000 mph (62,765 kph)

Both Taurid streams are best viewed from 10:00 p.m. to 5:00 a.m. late October through mid-November when the moon is either not present or less than half.

Leonids

Active from November 5–November 30. Peak night November 17–18.

Famous for producing the great meteor storms of 1833, 1866, 1966 and 2001, they’re also a modest annual shower, radiating from inside the Sickle of Leo. The Leonids normally spin off some 15 meteors per hour, but about every 33 years, when its parent comet is near perihelion, we get something much better—a meteor storm. I vividly recall getting up before dawn for the 1966 storm and peering out the family room window waiting for the clouds to part. They never did.

Fate was kinder in 2001; my family spread out blankets on the driveway and watched meteor after meteor flare and glare across the sky, including some sweet fireballs that left long-lasting trains. While no rival to the 100,000+ meteors per hour witnessed by astonished skywatchers in 1866 and 1966, the shower remains the most spectacular I’ve ever seen.

What a shame it will be some time before the next storm. Earth isn’t expected to cross any dense clouds of Leonid meteoroids until 2099. During the 2031 and 2064 returns, we’ll see rates closer to 100 per hour. Disappointing maybe but nothing to complain about. Keep an eye out for the Leonids especially in years when there’s no moon in the sky. They’re known for their fireballs, long-lasting trains and swiftness. Each is a tiny nugget of Comet 55P/Temple-Tuttle.

Fastest “guns” in the sky! Speed: 158,000 mph (254,275 kph)

Viewing conditions year by year:

•  2016: Waning gibbous moon will seriously compromise the shower. Poor.

•  2017: New moon. Ideal.

•  2018: Waxing gibbous moon sets well before the radiant climbs highest, making for very good conditions.

•  2019: Last quarter moon will compromise the shower. Poor.

•  2020: Waxing crescent moon sets at dusk. Ideal.
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Now the richest shower of the year, don’t forget to bundle up for the Geminids, which peak around December 13. Unlike some other showers, the Geminid radiant climbs high enough in the east for a good view during evening hours. Diagram: Bob King, Source: Stellarium

Geminids

Active from December 4–December 16. Peak night December 13–14.

This shower, which originates from the asteroid 3200 Phaethon (FAY-eh-thon), has only been around since the early 1860s. Back then and through the early 20th century, only 20–30 meteors per hour lit up the skies. Since that time, the Geminids have increased in number to become the premier shower of the year with rates around 100 per hour.

Expect to see a good number of bright meteors sprouting from next door to Gemini’s two brightest stars, Castor and Pollux. Because the radiant’s high enough in the eastern sky by 10:00 p.m., you can start watching during the evening hours for a change, making this shower more kid-accessible than most. Be sure to dress warmly.

Medium Speed: 79,000 mph (121,140 kph)

Viewing conditions year by year:

•  2016: Full moon will greatly compromise the shower, but you’ll still see the brightest meteors. Still good.

•  2017: Waning crescent moon rises well after midnight, only slightly compromising the shower. Still good.

•  2018: Waxing crescent moon. Ideal.

•  2019: Full moon will again compromise the shower. Poor.

•  2020: New moon. Ideal.

Ursids

December 17–December 23. Peak night December 21–22.

We might call these the “solstice meteors” since they occur on or close to the first day of winter. Expect to see only 5–10 Ursids per hour radiating from the bowl of the Little Dipper during the early morning hours on the date of maximum.

The farther north you live, the better the viewing gets. From the southern United States, this shower is especially weak because the radiant hovers low in the northern sky. Every so often the Ursids have a mini-outburst with up to 25 per hour visible. 8P/Tuttle is the parent comet, making this the third appearance of Horace Tuttle in connection with meteor streams.

Medium Speed: 72,000 mph (115,870 kph)

Viewing conditions year by year:

•  2016: Last quarter moon will compromise the shower somewhat. Still good.

•  2017: Waxing crescent moon sets early. Ideal.

•  2018: Full moon will greatly compromise the shower.

•  2019: Waning crescent moon will compromise the view somewhat. Still good.

•  2020: First quarter moon sets well before maximum. Ideal.

Meteorites and Starting a Meteorite Collection

With all these showers, you’d think that by now, someone would have recovered or at least connected this or that meteorite to a particular parent comet. Nope. Not a single meteorite yet discovered or recovered (as of 2016) from a witnessed fall has a comet’s name written on it. While this may seem surprising, it shouldn’t be on a moment’s reflection: shower meteors are small, after all, and incandesce to fine dust. As we learned earlier, nearly every meteorite, whether fallen long ago or more recently, originates in an asteroid crackup. There’s a remote chance that a few of the black, crumblier meteorites may come from comets, but no one knows for sure.

Most meteorites fall over the oceans and uninhabited lands, and we’re none the wiser, but every year, some 5–10 falls are witnessed by startled residents who, along with scientists and meteorite hunters, search the fields and hillsides for out-of-place “black rocks.” The meteoroid that exploded over the city of Chelyabinsk, Russia, on February 15, 2013 weighed nearly 14,000 tons (12,700 tonnes) and crashed into the atmosphere at over 42,000 mph (67,590 kph). Blown to pieces by the pressure of its hypersonic encounter with the air, the explosion generated shock waves that rocked the city below and shattered countless windows. Flying glass caused numerous injuries.
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Meteor Crater, located about 37 miles (60 km) east of Flagstaff, Arizona, is one of the best preserved meteorite craters in the world. It’s ¾ mile (1.2 km) across and 560 feet (170 m) deep. An iron-nickel meteorite about 160 feet (50 m) wide excavated the giant hole some 50,000 years ago when woolly mammoths, camels and ground sloths inhabited the region. Fragments of the meteorite are often seen for sale on eBay and other online auction sites. Photo credit: NASA
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The meteoroid that broke up over Chelyabinsk, Russia, on February 15, 2013 weighed almost 14,000 tons (12,700 tonnes) and left an enormous and long-lasting smoke/dust trail, seen here lit by the rising sun. Thousands of fragments were later found by researchers and local people alike. Photo credit: Alex Alishevskikh
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There’s nothing quite like holding a rock from outer space. Meteorites are primarily fragments from asteroid collisions in the asteroid belt between Mars and Jupiter, and take millions of years to wend their way to Earth. Each contains important clues to the solar system’s formation 4.5 billion years ago. The iron meteorite pictured here is Campo del Cielo, which fell in Argentina about 4,500 years ago. Photo credit: Bob King

Thousands of mostly small fragments of what had been a small stony asteroid peppered the snow-covered landscape like buckshot. Residents eager to gather the pieces looked for neat little holes in snowdrifts, then scooped away the white stuff to find a beautiful, fresh black rock from outer space!

Most meteorites develop a 1 to 2 millimeter-thick black “fusion crust” of rock melted during their passage through the atmosphere. Cut a fresh meteorite in half and the inside generally looks like gray concrete peppered with tiny flecks of iron-nickel metal. Meteorites experience brief heating, only enough to affect their outer skin. You might think friction with the air heats the meteoroid, but only a little. Most of the heat comes from air compressed ahead of the rock. If you compress a volume of air quickly, it gets hot!

Contrary to popular belief, meteorites are either cooler than or at most a few degrees warmer than the ground they land on. They don’t directly start fires either, as you’ll sometimes read in breathless online news accounts. At least not your average meteorite. The flash and trail we see preceding a meteorite’s fall to the ground is a glowing streak of air, not fire, and the stone that lands is dark and inert, not on fire. But everything changes when you scale up to the big ones, such as the 6-mile (9.6-km)-wide asteroid partly responsible for the extinction of the dinosaurs 65 million years ago. Thankfully, those hits are extremely rare, occurring about once every 100 million years. Smaller asteroids in the 0.5–1.2 mile (0.8–1.9 km) range strike every 100,000 to 1 million years. These would also wreak havoc and cause local extinctions but not end the world as we know it.
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Meteorites exhibit great diversity, but come in three basic types: stony, representing an asteroid’s crust (left); metallic, derived from an asteroid’s core (middle) and stony-metal, a mix of both believed to originate in a zone between crust and core (right). From left: NWA 2710, Sikhote-Alin and Esquel. Photo credit: Bob King (left and center), Doug Bowman/Wikipedia

Very large meteorites are more properly called asteroids. Because there are now several telescopes routinely surveying the skies for Earth-approaching asteroids, you’ll regularly hear about a newly found asteroid passing extremely close to the Earth, perhaps even closer than the moon. Because they’re so nearby, many people assume the giant rock will be pulled in by Earth’s gravity. But only asteroids headed directly our way can strike the planet, and astronomers don’t see any likely candidates for at least the next 100 years. Everything else, even asteroids passing just thousands of miles from the surface, can’t be pulled in because they’re moving forward at tens of thousands of miles an hour. An asteroid’s orbit might be altered by Earth’s gravity, so that it departs on a different trajectory from whence it came, but the asteroid itself is carried safely away by its own forward motion.

Meteorites are named for towns or geographic features near the location of their fall. The Park Forest meteorite fell in the Chicago suburb Park Forest, on March 26, 2003. Great Bear Lake was found on the ice of Great Bear Lake in Canada’s Northwest Territories in June 1936. Meteorites witnessed to fall are called falls; meteorites lost to history and discovered long after they fell are called finds.

Some of the best places to hunt for meteorites are Antarctica’s ice fields, where they’re concentrated by moving ice that butts up against the Transantarctic Mountains. Fierce winds erode away the ice and expose meteorites that have been preserved there for centuries. Scientists from a variety of countries, including the U.S. under the Antarctic Search for Meteorites program (ANSMET), routinely make expeditions to the Antarctic interior to hunt and gather meteorites for research. U.S. law doesn’t permit amateur hunting of meteorites on the continent.

Fortunately, deserts are the next best place to look and are far more accessible; both ordinary people and researchers are allowed to hunt for space rocks in many locales. Dry air and lack of rainfall can preserve these fragile visitors from the asteroid belt for 40,000 years or more. Hunters will rent 4-wheel-drive vehicles, stock up on gas, food and water and drive into remote areas looking for black rocks on flat plains covered in bright limestone pebbles. Another promising way to find a meteorite is to return to places where they’ve fallen before and use a metal detector or a powerful rare-earth magnet fixed to the end of a cane to search the area again. Rarely is every rock from a shattered meteoroid found in a day, a week or even a hundred years.

The least likely places to find a meteorite are where it rains regularly or where black, magnetic rocks are common. That describes my neck of the woods to a T. Since many meteorites contain iron, most start rusting within days and soon enough crumble into the landscape. Lots of rocks, especially volcanic ones and common slag from smelting, are attracted to a magnet and will confuse a beginning hunter. True space rocks are extremely rare, so be skeptical if someone’s Uncle Joe says he picked up a black rock he’s sure is a meteorite. Chances are it’s not. Do poor odds keep me from looking anyway? Of course not—someday I might get lucky. You may too!

Saharan Gold Rush

Beginning around the mid-1990s and continuing to this day, an enormous number of meteorites have been discovered, traded and sold from the Sahara Desert out of Morocco, Algeria, Egypt and Mauritania. Many have turned up on online bidding sites such as eBay or are available for anyone to purchase on meteorite dealers’ websites. Thanks to meteorite hunters—some of whom travel to far-flung locations at the first report of a new meteorite fall—not only do scientists have hundreds of new meteorites to study (finders must submit a sample in order to have the meteorite officially analyzed and classified), but the ordinary person can now buy a piece of an asteroid for just a few dollars. Unlike other named meteorites, most of the Sahara Desert space rocks don’t have well-documented find locations, so scientists lump them all under one heading: NWA or Northwest Africa. The first one discovered and classified was NWA 001. NWAs currently number over 10,000!

There’s nothing like the mind-bending journey you’ll take while holding something that came from outer space. Virtually every meteorite dates back to the first solid material that formed in the solar system 4.5 billion years ago. Not only is it “not of this Earth,” but it’s the oldest thing we can ever touch. Meteorites congealed from dust in the solar nebula and became incorporated into an asteroid somewhere between Mars and Jupiter roughly 4.5 billion years ago. Battered or bumped by other asteroids, one of the fragments took the next tens of millions of years to enter an orbit that would take it on close approaches to Earth until one day, planet and fragment met. A fiery trail, thunderous booms and moments later, black rocks crashed to the ground.

There they rested for thousands of years until a meteorite hunter stumbled upon the black, rusting stones, picked them up, had them classified and put them up for sale. Eventually, the meteorite arrives in someone’s mailbox, its flight from the asteroid belt finally bringing it into the warm-blooded hands of a new admirer. So much of astronomy has to do with what we can see—meteorites let us touch and smell outer space. They provide a tactile connection to that distant epoch of planetary genesis. To hold a meteorite is to contemplate the epic story of how dust came to be you.

Space rocks come in three basic varieties: stone, metal and stoney-metal mixes. The minerals in the stony ones resemble the minerals in Earth’s mantle, while the metal is an iron-nickel alloy. Iron-nickel, whether in big chunks or sprinkled through the stone, is what gives meteorites their extra heft. I encourage you to start a small collection. The least expensive space rocks are unclassified NWA stony meteorites. They’re still real meteorites, but no scientist has officially classified their type and assigned them numbers. Some of the classified NWAs are also inexpensive. A small Campo del Cielo, a named and classified iron-nickel meteorite from Argentina, would make an excellent second purchase. Topped off with a slice of the Russian Seymchan meteorite, which features a beautiful mix of the semi-precious stone olivine and iron-nickel, your beginning collection would be complete. Total cost: $75–100.

If you acquire a meteorite, share it with friends or bring it to your child’s class to pass around. Meteorites make for fascinating discussion. When I bring my Campo del Cielo to work, people can’t get over the fact that they’re holding something from the asteroid belt.


Useful Websites

•  Fireball reports, report a fireball: www.amsmeteors.org/fireballs/fireball-report/

•  Meteor FAQs: www.amsmeteors.org/meteor-showers/meteor-faq/

•  More on major and minor meteor showers: www.amsmeteors.org/meteor-showers/ and www.imo.net/calendar/2015

•  A selection of reputable meteorite dealers: www.meteorite.com/meteorite-dealers/

•  Museums with meteorite collections. Includes many photos to help get you acquinted with meteorites: meteoritecollector.org/museums.html




CHAPTER NINE

AWED BY AURORA

Learn what causes the northern lights and when and where they’re best visible. Online monitoring sites will help you anticipate their arrival. We’ll also explore a unique way anyone can hear the aurora’s strange, bird-like song.


ACTIVITIES

•  Identify a site you can quickly get to if an aurora breaks out. You’ll be looking for a wide-open location with a view to the north (here).

•  Subscribe to several online services to alert you when auroras are likely to happen (here).

•  Buy or borrow a tripod and try your hand at aurora photography. Check out the tips at chapter’s end for help (here).

•  Learn how to photograph auroras (here).



Green arcs. Rippling flames. Undulating waves. Luminous veils that without warning splinter into converging pillars of light and surge in one great motion toward the zenith. Little else in the sky mixes wonder and terror like a spectacular display of the aurora borealis. It can bring tears to your eyes. Only a total solar eclipse comes close to the humbling experience of standing beneath a full-blown aurora.

One of my favorite explanations for the aurora borealis comes from the Arctic Inuit who believed it was their ancestors playing a game of “ball” with a walrus skull. The Ojibwe peoples of Canada and the U.S. pictured them as the dancing sprits of deceased warriors and medicine men. Other Native Americans dared not whistle at the northern lights for fear they’d sweep down and carry them off. Clapping your hands was thought to keep them away. Long ago in Estonia, skywatchers imagined all the auroral hubbub as sleighs taking guests to a wedding feast.

While myths make delightful stories and help us to appreciate important aspects of ancient cultures, their creators could never have imagined the real cause: an electrical connection between Earth and sun.
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The aurora can be incredibly dynamic with tall rays and whorls in multiple colors pulsing and stretching across the sky. This display, seen from Duluth, MN. on May 7, 2016, grew so intense it spilled over into the southern sky. Photo credit: Bob King
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A sinuous ribbon of aurora snakes its way across the Southern Indian Ocean in this photo of the southern lights, the counterpart to the northern lights, taken by an astronaut on the International Space Station 220 miles (354 km) above Earth’s surface. Photo credit: NASA
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An auroral display will often begin as a “quiet,“ unassuming arc low in the northern sky. Photo credit: Bob King

Galileo coined the term aurora borealis in 1619 after Aurora, the Roman goddess of dawn and Boreas, the Greek name for the north wind. Its counterpart, the aurora australis, means “southern dawn.” The description closely matches one’s first impression of a modest auroral display when a diffuse radiance lights up the northern sky much like the bloom of dawn. Sometimes skywatchers will mistake the glow of lights from industry or a nearby city for the aurora, but the real deal has it own distinctive character. A big display is unmistakeable, but more often the aurora hovers low in the northern sky as a bright, fuzzy arc like some ghostly rainbow.


ACTIVITY: For many, the arc is too low to spot from a neighborhood busy with buildings and trees, so you’ll need to do some research beforehand to find a location with an unobstructed view of the northern sky. Being a large-scale phenomenon, the aurora is best viewed from wide open spaces with no towns or bright lights to the north. For many, finding an ideal aurora-viewing spot can be tricky. East-west roads with clearings to the north offer a good option. That’s what I use most of the time. A lake with a road along its south shore is another. On still nights, the shimmer of northern lights on water makes for a breathtaking “double” display. Your best bet is to make an expedition to the country and identify a good site you can return to again and again whenever an aurora’s in the forecast.



If you must travel to see the show, don’t attempt to watch the northern lights while driving a car. A friend of mine looked one too many times out the window during a big display and drove right off the road. I’ve had a few close calls, too. Be sure to pull over as soon as possible—no need to end an evening with a towing bill or worse, a space-related injury.
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When the sun’s magnetized particle clouds link into Earth’s magnetic field, a geomagnetic storm results that sometimes builds into a full-blown display, with fast-moving pillars and rays that can envelop the entire sky. The more intense the activity, the more likely you are to see color. Green is the most common, followed by red. These colorful rays fanned out over northern Minnesota on May 3, 2014. Photo credit: Bob King

I’ve emphasized looking north because that’s where the aurora gets underway. Only during larger storms will it surge beyond the zenith and spill into the southern sky. During most appearances, the aurora smolders quietly in the bottom half of the northern sky as the aforementioned arc topped by a faint, diffuse glow. But occasionally, the arc will brighten, double or break apart into a lively pirouette of parallel beams called a rayed arc that looks like pleated drapes ruffled by the wind. Pulses of growth and decline can last an hour or all night long.

The aurora often appears out of nowhere, climaxes in a modest display and then settles back to a static, glowing presence in the far north. Each display is unique and unfolds at its own pace. We all love a spectacle, but you might find yourself equally entranced by the slow and subtle transformations occurring within a single quiet arc. If we take time to tap into nature’s feed, paying attention to what’s around us without hurry or expectation, a little can be enough.

Two of the most frequently asked questions people ask about the aurora are when and where to see it. Answer: Closer to midnight and the farther north the better. Auroras are common at high latitudes across central and northern Canada, Alaska, Siberia, the northern regions of the Scandinavian countries and, of course, Antarctica. At mid-latitudes, they happen infrequently and almost never near the equator.
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Currents in Earth’s outer core generate a magnetic field around our planet that protects us from strong solar winds, but also allows winds blowing in the right direction to link to our field and deliver high-speed particles into the upper atmosphere along looping magnetic field lines. When they strike oxygen and nitrogen atoms overhead, auroras can result. Photo credit: Peter Reid

The border regions of states such as Michigan, Minnesota, North Dakota and Washington experience at least some flicker of aurora 20–30 nights a year on average. That number declines to 1–7 nights across the central and southern United States, similar to its visibility in central Europe. Take these numbers with a grain of salt. Activity varies greatly year to year depending on how stormy the sun is. During peak activity, called solar maximum, and for several years after, auroras are more frequent than during the lead-up to maximum. Be aware that like the weather, the northern lights have a way of defying forecasts.

So what causes the aurora? It really starts 1,800 miles (2,900 km) below the surface, where Earth’s liquid outer core of iron and nickel metal churns and spins as the planet rotates, generating electrical currents that create an invisible magnetic field. The field extends outside the Earth and has north and south poles like an old-fashioned bar magnet. A magnetic compass needle responds to our planet’s magnetism by pointing north.

Meanwhile, 93 million miles away, the sun continually releases hot gases from its surface called the solar wind. These mini-tempests of subatomic particles—electrons and protons—packaged with magnetic fields from the sun, stream away from our star at around 250 miles per second (400 kps) and blow past Earth and the other planets like the reliable trade winds in the tropics. More massive and violent eruptions of gas called coronal mass ejections or CMEs depart the sun at in excess of a million miles an hour. Sometimes they’re powered by explosive storms called solar flares, sometimes not. When the swarm arrives at Earth 1–3 days later, our magnetic field typically deflects the particles away and they swoosh past without incident.
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A solar flare unleashes a strong wind of particles (white lines) that create a bow shock (purple line) similar to a bow wave along the edge of a ship’s wake. In this illustration, Earth’s magnetic field (blue) safely directs the material away. Image not to scale. Photo credit: NASA/SOHO
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The sun releases a fiery filament of hydrogen gas on August 31, 2012. The resulting explosion blasted electrons and protons into the solar system at high speed, some of which arrived at Earth three days later, linked into our magnetic envelope and sparked an auroral display. Particles are more likely to “sneak” past Earth’s defenses when the magnetic field embedded in the wind points south. North-pointing winds often blow by without effect. Photo credit: NASA/SDO/AIA
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Most auroras form between about 60 and 90 miles (95 and 145 km) high, but some can reach up to 620 miles (1,000 km). Other familiar features of the atmosphere, including clouds and meteors, are shown for reference. Astronauts in the space station routinely look down on the aurora! Photo credit: Wikimedia Commons

But if conditions are right, the solar wind or a big blow from a CME can couple with Earth’s magnetic field to create powerful electric currents that send solar particles (mostly electrons) spiraling down into the atmosphere over the polar regions like so many firemen on fire poles. On their way down, the speeding particles collide with oxygen and nitrogen atoms and molecules in the upper atmosphere, energizing them. Moments later, they release that energy as tiny wiggles of green, red and blue light and return to their earlier “relaxed” states, ready to get pounded again. Trillions of oxygen and nitrogen atoms shooting out the tiniest of bits of light must look like a colossal laser battle at the atomic level. Human eyes see the conflagration as colorful, shifting patterns of light: the aurora borealis.
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Flying over the south pole, NASA’s IMAGE spacecraft caught these views of the southern auroral oval on July 26, 2004. Photo credit: NASA / UC Berkeley

Yellow-green, the most common color, is produced by excited oxygen atoms between 60 and 90 miles (95 and 145 km) high. Oxygen also beams out red light in the even more rarified air between 93 and 155 miles (150 and 250 km) up. As a display builds, you’ll often see one or more greenish arcs splayed across the northern sky with faint red rays reaching toward the zenith; from bottom to top, the glowing columns of air stand nearly 100 miles (161 km) tall. During intense displays, the bottoms of rays and curtains will glow a deep red-violet from excited nitrogen molecules. Nitrogen also produces faint blue-purple rays through a combination of collisions and excitation by low-angled sunlight during evening and morning twilight. All-sky red auroras occur when slower moving electrons collide with high-altitude oxygen atoms.

High-speed particles also exit the sun via yawning gaps in its magnetic canopy called coronal holes. The sun is laced with magnetic fields that form closed loops across the surface, locking down particles that would otherwise escape. Coronal holes are regions on the sun that lack these restraints, allowing electrons and protons to leave at will, streaming away at speeds up to 500 miles per second (805 kps). When conditions are right, they can also link into Earth’s magnetic bubble and spark a display of northern lights. These generally aren’t as intense or colorful as the ones fired up by solar flares, but they can persist for several nights in a row, making for a modest display that won’t overwhelm stargazing or meteor watching.

Because the sun spins on its axis once every 27 days and coronal holes sometimes last for months, a single hole can repeatedly spray the Earth every four weeks like one of those oscillating lawn sprinklers. If you discover that a coronal hole was responsible for a certain aurora, make a note on your calendar to be on the lookout for a potential follow-up display four weeks later.

You’ll often hear that the best seasons for viewing the northern lights are during early spring and fall around the time of the equinoxes. There’s truth to this, especially with regard to coronal holes which “aim” more directly toward Earth during those times because of the 7.5° tilt of the sun’s axis. In early March, the sun’s southern hemisphere tips toward the Earth; six months later, the northern hemisphere tilts in our direction.
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When strong solar winds blast the Earth, the auroral oval expands southward and intensifies (left). During quiet conditions (right), the oval stays put at high latitudes. The ovals are permanent features centered on the geomagnetic poles. If you hear an aurora is likely, check the Aurora 30-Minute Forecast site to see if the oval is headed south in your direction. Photo credit: NOAA

From the ground, the low green arc, the most common auroral form, is really the outer edge of a much larger, permanent feature called the auroral oval. There are two ovals—one centered on the north geomagnetic pole over the Arctic Ocean and the other on the south geomagnetic pole on the northeastern coast of Antarctica. We’ll focus on the northern one, since it’s seen by far more people than the southern.

The geomagnetic poles, which originate in the dynamic motion of our planet’s liquid outer core, are where Earth’s magnetic field is most intense and toward which your compass needle points. From outer space the ovals look like airbrushed rings of pale emerald light, pushed in toward the geomagnetic poles on the dayside but sagging southward on the night side. Each measures about 2,500–3,100 miles (4,000–5,000 km) across, a little larger than the wide of the continental United States, and about 300 miles (480 km) wide. Both ovals remain fixed in space above the rotating Earth.

Under quiet conditions, when no particle blasts threaten, the northern oval passes over northern Norway, the Hudson Bay region of Canada, northern Alaska and northern Siberia. For an observer situated directly under it, the northern lights are visible almost every night of the year. From the illustration, you can see that the oval extends farthest south on the nightside of the planet around local midnight. As the Earth rotates, cities in the northern U.S. or Europe, for example, come closest to the oval’s edge around midnight (or 1 a.m. Daylight Saving Time). For that reason, the aurora is often most active around local midnight.

When a CME, solar flare or coronal hole gets Earth’s magnetic field jazzed, the oval brightens, expands southward three times or more of its normal girth and hums with activity. The greater the storm, the bigger the oval, and the bigger the oval, the closer it approaches cities in southern Canada and the United States. During the huge storm in March 1989, it ballooned as far south as 40° N, right across the heart of the United States. The oval needn’t be directly over your head to see aurora. Since all the excitement happens 60 miles (96 km) or higher in the atmosphere, we can see auroras from far off the same way a tall mountain is visible from many miles away. The next time you see a low arc just above the northern horizon, you’re viewing the edge of the oval 620 miles (1,000 km) away!

In big auroras, parts of the oval can surge beyond the zenith into the southern sky. From a dark site, it resembles a supersize jellyfish bell expanding and contracting in sync with the whimsies of the solar wind. When draperies of aurora dangle from the zenith, we look straight up at the bottoms of their folds and see great wings of pulsing light converging on a point in the sky near the zenith. This form of aurora is called the corona and it usually appears when a display reaches its peak. The National Oceanic and Atmospheric Administration, which monitors the sun 24/7, runs a fantastic online site called Aurora - 30 Minute Forecast (http://www.swpc.noaa.gov/products/aurora-30-minute-forecast) that shows the auroral ovals in near-real time. If they’re “sagging” in your direction, keep watch for the northern lights.

Can You Hear the Aurora?

When the aurora comes in great, bright waves, some people report hearing swishing or crackling sounds. Despite seeing hundreds of displays ranging from meek to wild, I’ve yet to hear a peep despite my best efforts at opening my ears to the possibility. There’s some evidence suggesting that electrophonic transduction can convert otherwise very low frequency (VLF) radio waves given off by the aurora into sound waves through nearby conductors. Wire eyeglass frames, grass and even dental work might convert radio energy into low-frequency electric currents to produce audible vibrations. Similar sizzling or crackling noises have been noted by meteor watchers. If the sounds are real, no one’s hearing the aurora directly, given its tremendous distance and the extremely thin air at such high altitudes, but indirectly through other objects.

We might also “hear” auroras by way of imagination, the way bursts of light or rapid motion seem to be accompanied by sounds even if only in our head. Watch a few minutes of a war movie with the sound turned off and you may find yourself still “hearing” gunfire or bombs bursting. The associations we make between images and sound are hard to shake. Similarly, a spectacular aurora might lead you to expect crackly static or whooshing noises when there are none. It wouldn’t be the first time we’ve been led astray by our senses. The next time the aurora appears and you think you hear it hissing, try a little experiment. Cover your eyes and listen. Can you still hear it?
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During strong auroras, brilliant draperies hang down from near the zenith, forming a corona of light. Some liken its appearance to snakes or a giant ghostly eagle. Photo credit: Ole Salomonsen / Arctic Light Photo
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A regional view of a strong northern lights display photographed from orbit by the Suomi NPP satellite on September 9, 2009. Eerie! Photo credit: NASA/SSEC

If you’re hard of auroral hearing like I am, you might want to consider purchasing a handheld VLF (very low frequency) radio unit. This nifty device converts very low frequency radio waves produced by the chaotic interaction of the solar wind with Earth’s magnetic field into sounds you can listen to in a pair of headphones. I bought mine years ago, but the updated model, the WR-3 “Natural Radio” receiver, can still be had for around $135 online (http://www.auroralchorus.com/wr3order.htm).

The components are housed in a small metal box with a whip antenna and powered by a 9-volt battery. The on-off switch also controls the volume. Plug in a set of headphones and you’re ready to listen. That’s all there is to it.

The receiver picks up lots of things besides aurora including a loud, ‘unnatural’ hum from AC current in power lines and home appliances. You’ll need to be a quarter to a half mile from any of those sources in order to hear the more subtle music of the planet. I drive out to an open “radio quiet” rural area, turn on the switch and raise the antenna to the sky. Avoid standing under trees—they’re great absorbers of the low frequency radio energy you’re trying to detect.

The first thing you’ll hear is crackling static from distant thunderstorms, like the kind picked up by your car radio. Lightning not only gives off light but also invisible radio energy. The receiver converts that energy into audible sound as familiar static and less familiar ping-like “tweeks” and “whistlers,” which sound like the descending whistle of falling bombs dropped from World War II–era B-17 bombers.

When the aurora is active, get ready for some of the most peculiar sounds ever to get inside your ears. Veteran aurora listeners describe it as “dawn chorus,” which eerily resembles a chorus of peeping frogs or the twitter of birdsong at sunrise. Be patient. Many nights you’ll only hear lightning crackles and tweeks from storms thousands of miles away. But if you regularly watch the sky from a rural location, pack your radio for a unique way to hear an electrifying conversation between the sun and Earth.
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This graphic from the Space Weather Prediction Center, updated every three hours online, indicates magnetic activity (K or Kp index) inside Earth’s magnetic bubble. When the Kp=4 or less, you’re not likely to see an aurora, but when it shoots up to 5, 6, 7 or higher, put on a coat and head outside for a look. Photo credit: NOAA/NWS

How Can I Find Out if the Aurora Will Be Out Tonight?

Warning! Predicting when auroras will occur has much in common with the daily weather forecast—there’s a good probability predictions may come true, but expect the unexpected. There’s a reason scientists call the study of the solar wind’s interaction with the planet’s space weather.

Your first step is to drop by NOAA’s Space Weather Prediction Center’s Product Subscription Service at (pss.swpc.noaa.gov/RegistrationForm.aspx), register (it’s free) and sign up to receive alerts, forecasts and summaries of our sun’s outbursts. Many emailed products are offered, with a few of my favorites listed below. All of them can be found under “Advisories” and “Forecasts and Summaries” after you subscribe online.


Useful Websites

•  NOAA 3-Day Forecast: A plain-language look ahead at expected disturbances to Earth’s geomagnetic field, the protective bubble of magnetism that sheds the worst of what the sun throws at us. Shocks to the field from arriving clouds of subatomic particles from the sun can sometimes spark auroras. Issued twice a day. Access it directly here: www.swpc.noaa.gov/products/3-day-forecast.

•  Forecast discussion: A free-form summary covering recent and expected space weather. Included are brief explanations of what caused a particular disturbance in Earth’s geomagnetic field. Solar flares, CMEs, a filament of hydrogen gas ejected from the sun and high speed streams of particles escaping coronal holes are the usual culprits. Occasionally, the forecasters won’t know for sure—just like your local TV weatherperson. Access it directly here: www.swpc.noaa.gov/products/forecast-discussion.

•  Geophysical alert message: Updated every 3 hours, or more often if all hell breaks loose. This message provides current and predicted space weather conditions. Access directly here: www.swpc.noaa.gov/products/geophysical-alert-wwv-text.

•  Kp index: www.swpc.noaa.gov/products/planetary-k-index

•  BZ direction: www.swpc.noaa.gov/products/real-time-solar-winds%20



Once you’re in the loop, you’ll need to familiarize yourself with two key concepts: the Kp index and Bz. I apologize if the next section gets a bit technical, but stay with me—it’s worth your while. Every report includes a reference to the terms. “Kp” indicates the severity of sun-induced magnetic disturbances in Earth’s magnetic field. Rated on a scale from 0 to 9, it’s compiled using magnetometers (instruments to measure the intensity of Earth’s magnetic field) at 13 magnetic observatories around the globe and updated every 3 hours.

Every forecast that arrives in your email includes the estimated Kp index. A quick glance is all it takes to see whether any “fives” are on the way. “Sevens” indicate an intense storm.

When the index is less than 5, the chances of seeing aurora are low or nil. A Kp of 5 indicates a minor or G1 geomagnetic storm visible across southern Canada and the northern United States. When the index hits 6 or 7, auroras intensify as the auroral oval spreads southward. Skywatchers across the middle United States and central Europe then get a shot at seeing shimmering curtains of pink and green light dance across their normally aurora-free skies.

That wasn’t too hard, was it? Let’s move on to Bz. Those billowy clouds of solar particles are stamped with the signature of the sun’s magnetic field. Like a magnet, the swarm has regions of positive and negative polarity.

Most of the time, Earth’s protective magnetic field deflects the disturbance and we’re none the worse for wear. But if the south-pointing region of the cloud (said to have a southward or negative Bz) happens to brush against Earth’s northward-pointing magnetic field, the two will link up like two magnets snapping together. A path now opens for electrons and protons to spiral down Earth’s magnetic field lines and fire up the aurora.

Wouldn’t it be nice to know in advance if an incoming blast possessed a south-pointing (Bz)? Wish granted!
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This map will help you see the connection between Kp index and how likely auroras are over your neighborhood. Only powerful geomagnetic storms (Kp=8, 9) reach into the southern United States. Photo credit: NOAA/NWS
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This complicated-looking graph is simpler than you think. The wriggly red line shows the changing direction of the solar wind when it blew past Earth on September 12, 2014 as recorded by the ACE satellite. When the Bz is negative (south-pointing magnetism embedded in a solar blast), the chance of seeing auroras goes up. When the Bz climbs above the dashed white line, auroras are much less likely. Photo credit: NOAA/NWA

Since 1997, we’ve been getting help from NASA’s Advanced Composition Explorer (ACE) which orbits at the L1 libration point, one of five places near Earth where the sun’s and Earth’s gravity are in balance. A satellite placed there remains relatively stationary and can serve as an observing outpost.

ACE acts as a distant early warning station 932,000 miles (1.5 million km) from Earth in the direction of the sun. The probe detects the direction, strength and magnetic field particulars of incoming blasts of particles from the sun and provides about an hour’s advance warning of dangerous storms. Sometime in 2016, ACE will be replaced by NASA’s Deep Space Climate Observatory (DSCOVR), which will tap into solar emanations with even greater sensitivity. Be sure to check the DSCOVR site (www.nesdis.noaa.gov/DSCOVR/) for news and new graphics. Free phone apps listed at the end of this chapter will keep you in touch with the aurora no matter where you are. Or you can get alerts of impending geomagnetic storms on twitter by following @NorthLightAlert.

I use all this information along with the appearance of the aurora oval from the 30-Minute Forecast link described earlier to assess the chances for a good display. Then I hope for clear skies. Happy forecasting!
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Cameras make the northern lights more vivid and colorful (left) than they appear with the eye (right) because light accumulates on a sensitive “chip” during a long exposure, enhancing the faint colors present. To the eye, which sees in real time, the colors are subtler. Usually. During a strong display, reds and greens can sometimes look nearly as intense as they do in photos. Photo credit: Bob King

Truth in Advertising and Aurora Photo Tips

The spectacular greens, reds and blues you see in aurora photos are real but exaggerated because the pictures are time exposures. Once the camera’s shutter opens, light accumulates on the electronic sensor, adding up to turn faint and pale subjects bright and vivid. Our eyes in contrast see only in the moment and are particularly bad at sensing color in low light. Experienced observers factor this in when looking at colorful astronomical photos, including those of the aurora.

But beginners, who anticipate a photographic appearance when they step out to watch the northern lights, may feel disappointment at the real thing, which is too bad because the genuine item can make your jaw drop. Photos don’t capture movement and miss the subtle, quick changes and colors that make a good display pulse and writhe with life. Not to say the aurora can’t appear colorful in real time. Occasionally, the entire northern sky hangs with draperies so red you’ll be calling your friends to tell them they need to get outside right now. I thought it would be instructive to take a few aurora photos and tone them down to what the eye normally sees. Truth in advertising and all.


Useful Websites

•  Great Lakes Aurora Hunters aurora alerts: www.facebook.com/GLAHalert/

•  Aurora 30-Minute Forecast: www.swpc.noaa.gov/products/aurora-30-minute-forecast

•  VLF radio for listening to the aurora: www.auroralchorus.com/wr3order.ht

•  Free aurora forcast by Tinac, Inc.: https://itunes.apple.com/us/app/aurora-forecast./id539875792?mt=8

•  Aurora alerts: Free at https://play.google.com/store/apps/details?id=com.jrustonapps.myauroraforecast&hl=en




ACTIVITY:

Here’s how to capture an image you’d be proud to post on your Facebook page:

1. Find a site with lots of open sky. Auroras may start in the north but often expand east, west and up!

2. Use a tripod and digital camera (not a smartphone): Even the brightest auroras will require a time exposure of at least 5 seconds. Most “point-and-shoot” models have limited time exposure ability, often just 15 seconds. That may be long enough for bright auroras, but to compensate, you’ll have to increase your camera’s sensitivity to light by increasing the “speed” or ISO. The higher you push the ISO, the grainier the image especially with smaller cameras. But at least you’ll get something. Middle- and high-end cameras do a fantastic job recording the auroral colors and shapes.

3. Wide angle lens: A 16–35 mm zoom wide-angle lens or similar will record both the aurora and the foreground setting, which often adds an artistic element to your final composition.

4. Aperture: Set the lens to its widest open setting, usually f/2.8, f/3.5 or f/4. The lower the f-stop number, the more light that’s fed to the camera sensor and the shorter the exposure. You’ll want to use as short an exposure time as possible to capture fine details. Longer exposures soften the aurora’s appearance and blur the crispness of the rays.

5. ISO speed: Set the ISO to 800 for brighter auroras and 1600 for fainter ones. Try a series of exposures from 10 to 30 seconds, checking the back screen to see if you’re getting the effect you like. Adjust as necessary. The current crop of high-end cameras now have the capacity to shoot at ISOs of 25,000 and higher. While those speeds may not give the smoothest images, dialing back to ISO 3200 and 6400 will make for photos that look like they were shot at ISO 400 on older-generation cameras. A bright aurora at ISO 3200 can be captured in 5 seconds or less.

6. Framing: Compose the scene in the viewfinder or monitor. If you’re lucky or plan well, you can include something interesting in the foreground such as a building, a picturesque tree or lake reflection.




CHAPTER TEN

CURIOSITIES OF THE NIGHT

A potpourri of things celestial and earthly that add surprise and delight to a night under the stars—twinkling stars, “UFO stars,” lunar halos, coronas, light pillars, noctilucent clouds, exploding stars, comets and the zodiacal light. Find out how to make your own comet using my secret recipe.


ACTIVITIES

•  See how many colors you can find in a bright twinkling star such as Sirius, Vega and Capella (here).

•  Watch the weather and if you hear that a warm front and rain are in the forecast, keep an eye out for halos around the sun and moon (here and here).

•  Coronas are even more common than halos. See if you can spot one (here and here).

•  From late May through July, make a habit of searching near the northern horizon during evening and morning twilight for rare noctilucent clouds (here).

•  Find the comets 41P and 46P (here).

•  Make a mini-comet using simple ingredients (here).

•  On spring evenings, find a light-pollution-free western sky and take in the view of the biggest single “thing” in the solar system: the zodiacal light (here).



As you become acquainted with the sky, you’ll soon discover there’s a lot happening up there. Twinkling for instance. We see twinkling stars so often, it’s easy to take for granted. But once you understand what causes the flutter, your view of the air you breathe may never be the same. Astronomers call it scintillation.

Twinkling stars catch our eye. People will sometimes tell me they saw a bright, pulsating object in the sky and swear it’s a UFO. When I ask the time and location of their sighting, it almost always turns out to be a bright star such as Sirius, Capella or Arcturus. All stars twinkle, though we only notice the brighter ones because our vision isn’t sensitive enough to discern the flutter of dim stars. Stars shine with a steady light until they arrive at Earth, where they have to contend with the atmosphere. If we could see them from the airless moon, they’d appear rock steady.
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The light from a star low in the sky passes through hundreds of miles of air in the lowest, densest part of the atmosphere. Millions of air pockets of different size and density across that great distance shift the star’s light around, making it twinkle to our eyes. Stars that shine from high overhead pass through much less atmosphere and twinkle very little. Planets, which show an actual disk, are less affected by the variable air than the pinpoint stars and rarely twinkle. Photo credit: Bob King

Twinkle, Twinkle Little Star

We live at the bottom of an ocean of air. As starlight works its way to our eyes, it passes through a multitude of little cells of air about four inches (10 cm) across. Each has a slightly different temperature and density and bends incoming light differently. The bending, called refraction, strongly affects the stars because their tiny, point-like sources are easily “pushed around.” Each cell acts a little like a lens that momentarily focuses the star’s light into a tiny image. As the air churns, the positions and numbers of all those individual images are in constant flux. At one moment, a cell might divert starlight away from your gaze, causing the star to dim momentarily; a split second later, another cell sends the light directly to your eye, causing the star to brighten. Because the cells are always on the move, we perceive the multitude of these tiny shifting images as twinkling.

Twinkling becomes more intense the closer a star is to the horizon. We look through a much greater density of air when our gaze is directed horizontally. Recall that most of Earth’s atmosphere is found in the bottom 10 miles (16 km) called the troposphere and rapidly thins out above that. When we look at a bright star only a fist high, our gaze passes through hundreds of miles of thick air. The greater the number of parcels between us and the star, the more pronounced the scintillation. If you tilt your head all the way back and face the zenith, you’re looking through just 10 miles (16 km) of dense air and hundreds of miles of air so thin it’s practically a vacuum. Fewer cells, less twinkling.
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The color and brightness of Sirius changes rapidly as it twinkles. I shot these individual photos slightly out of focus to spread the color out and show the color changes more clearly. Not only are the hues striking, but brightness changes are obvious, too. Photo credit: Bob King

Wind isn’t neccessary to stars to jitter. It might be perfectly calm at ground level, but an entirely different story overhead. Buildings radiate heat at different rates, causing local turbulence. Nearby large cities have their own microclimate, often warmer than the suburbs or countryside. An obstruction such as a mountain can break up a steady air flow into turbulent eddies.

As we learned earlier, planets don’t twinkle because they are actual disks compared to the pinpoint stars. The restless refractions from air cells are too small to shift the planets around, so they appear steady to the eye.


ACTIVITY: Take a closer look at the brightest, whitest stars such as Sirius, Vega and Rigel, and you’ll see that they twinkle in color. Starlight, like white light, is composed of every color of the rainbow from violet to red. When a star appears low in the sky, refraction bends each of those colors to a different degree. Blue and green light are bent more than red and orange, spreading the star’s light into multiple images of every color and casting them about in different directions. To our eyes, the star looks like a continuous sparkle of varying colored light as split-second variations in moving air cells make it dance about. Does a disco ball come to mind? To help visualize what’s happening overhead, think of the air as a sea of prisms tumbling by at every imaginable angle between you and the star, diverting its light into tiny shifting images of all colors. Wonderful!



Because of its brilliance, the photo panel of Sirius captures some of these momentary color changes that otherwise flash by so quickly when viewed with the eye alone. Take a few minutes on a winter or early spring evening to stare at this firecracker of a star. You’ll be surprised how colorful a plain white star such as Sirius can be. No star scintillates more intensely, especially when viewed low in the sky. Binoculars show its shifting colors even better.

Meet the Alien, He Is Sirius

Inexperienced observers sometimes mistake Sirius for a UFO because its flashy twinkle makes the star look like it’s moving. Venus, bright fireballs, the space station and isolated patches of bright aurora have led many a well-intentioned skywatcher astray. But the more you know about what’s up at night, the fewer “UFOs” you’ll see.

Whether or not alien-piloted space ships are visiting Earth is something everyone has an opinion on. A lot of us reflect on the possibility of life “somewhere out there” when we’re relaxing under a starry sky. My own position is this: Despite the hundreds of UFO sightings reported every year, we still lack any hard evidence of extraterrestrial life. I’ve got nothing against aliens. Some of my best friends are … just kidding. With all the millions of planets in our galaxy alone, I have to believe life’s not just a one-off. Whether it looks like bacteria, beings with god-like technology or something in between, I feel certain the universe is richer than any of us can imagine, and that richness includes more life. Lots of it.

Still, I can’t shake the fact that the stars lie at such vast distances from one another, that all that space poses a formidable barrier to routine alien visits of Earth. I think one thing we can all agree on is that the starry dome over our heads is big enough to entertain almost any possibility. Wild, fertile territory up there.

While pretty to look at, twinkling drives astronomers crazy, since images never sit still long enough to get a sharp picture. To compensate, many professional observatory telescopes are built on mountaintops or in the middle of the ocean where the air blows for hundreds of miles across regions of little temperature variation without obstruction. Not only are the observatories above a good portion of the lower atmosphere, the air parcels that pass by are very similar in temperature and density. Stars twinkle less in Florida and the Caribbean where the air blows across many miles of ocean compared with say, Dubuque.

Astronomers use a recently developed technology called adaptive optics to “calm” the light. A star’s quivering light is analyzed live by a computer, which calculates how the telescope’s flexible mirror must be shaped to compensate for the distortion. Machinery attached to the mirror tips, tilts and otherwise slightly changes the mirror’s shape every few milliseconds to keep the star’s image steady.

Twinkle, twinkle little star? There’s irony in starlight. Stars dozens of times larger than the sun shine across hundreds of light-years of interstellar space only to get bounced around like kids in an inflatable fun house when their beams arrive on Earth.
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Novae appear suddenly and without warning as the nova in Delphinus did in August 2013. From obscurity, it rose to naked-eye brightness in just a day! After peaking around magnitude +4, bright enough to see from the suburbs, it gradually faded, as shown in these two photos taken about nine months apart. Photo credit: Gianluca Masi
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In a nova, a tiny but dense white dwarf star draws matter from a close companion. The material settles onto the dwarf’s surface, becomes heated and explodes in a great flash of light we see as the nova. Photo credit: NASA/CXC/M.Weiss

Novae, the Tantrum-Throwing Stars

What if stars really twinkled like the visual firecrackers they appear to be? A few do after a fashion. On August 14, 2013, Japanese amateur astronomer Koichi Itagaki discovered a “new star” or nova in the constellation Delphinus the Dolphin. Two nights later, it peaked at fourth magnitude, bright enough to see with the naked eye from the suburbs and countryside. While the word “nova” means “new,” what Itagaki and the rest of us really saw was an explosion on the surface of an otherwise unnoticed faint star that caused it to brighten up to 100,000 times. Amateur astronomers who specialize in nova hunting discover some half dozen of these stellar explosions every year. Most require a small- to medium-size telescope but occasionally one shines bright enough to see with the naked eye, the reason I include them here.
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Many of the wonderful halos, moondogs, circles and pillars we see around the moon and sun are created by minute, six-sided plate and column-shaped ice crystals. Photo credit: Les Cowley / www.atoptics.co.uk

A nova occurs in a close double-star system, where a small but extremely dense and massive (for its size) white dwarf star siphons hydrogen gas from its closely orbiting companion. After swirling around the dwarf, it’s funneled down to the star’s 150,000°F (83,315°C) surface. Gravity compacts and heats the gas until the bottom of the layer detonates in a titanic thermonuclear explosion. Suddenly, a faint star that wasn’t on anyone’s radar vaults a dozen magnitudes to become a standout “new star.”

Unlike a supernova explosion, the star survives and may “go nova” again thousands of years from now. The American Association of Variable Star Observers is a clearinghouse for reporting and learning about new, potentially naked-eye novae. You can check them out at www.aavso.org.

Nature’s Light Painting

Skywatchers naturally prefer a clear night for star and planet gazing, but clouds are a fact of life. Who hasn’t hoped to see a bright aurora or rare lunar eclipse only to have a veil of overcast shut out the sky at the most inopportune time? If I had a quarter for every curse aimed skyward by amateur astronomers, I’d have parking-meter money for several lifetimes.

While clouds occasionally make a skywatcher’s life rich in frustration, they’re fascinating creatures in their own right. Their changing shapes and ceaseless movements make for endless and enjoyable study. I’m nearly as enamored of clouds as I am of stars, though a week of overcast nights does give me pause. Clouds got me started looking up at the sky as a kid. From there, I kept going all the way to the stars. So yes, I have a soft spot for them.

When the right sorts of clouds pass in front of a bright moon or planet, they can borrow that light to create the most wonderful halos, coronas, moondogs and light pillars. If you make a habit of looking up at night, you’ll be treated to every one of these gems. I’ll often catch sight of a gigantic moon halo or a colorful corona while doing mundane nightly tasks such as taking out the garbage or shoveling the driveway. While diverse in form, the atmospheric phenomena we’ll explore next share one thing in common: All are produced by light passing through or bouncing off of minute particles, mostly ice crystals but occasionally water droplets and even pollen.

Halos: Common and Rare

“Wow!” I bet a lot of us have uttered that word involuntarily on stepping out at night to see the full moon ringed by a giant halo. You’d think such an impressive sight would be rare. Hardly. Halos are visible year-round but may be more common in winter when ice crystals abound in the atmosphere. They form when light is bent or refracted by pencil-like, six-sided ice crystals in high clouds. Light strikes one of the crystal’s long faces, gets bent, travels through the crystal then gets bent again when it exits through another long face at a 60° angle to the first.
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A common 22° halo snares the planet Jupiter on a January night in 2009. Halos are large. A splayed hand at arm’s length covers about 20°; if you place your thumb over the moon, your little finger will just reach to one side of the circle. Halos don’t just happen in the winter—you can see them in any season. Photo credit: Bob King

Most of the light leaving the crystal is bent at an angle of 22°. When billions are involved, the combined effect of all those refractions spreads light into a fuzzy circle with a radius of 22°—that’s the distance from the moon to the halo’s edge. If you double that number to get the diameter, a complete halo comes to 44° or a little wider than four fists across. That’s big! More than twice the length of the constellation Orion. A portion of the light entering the crystals gets bent up to 50°, which contributes to the lighter sky seen beyond the halo’s edge. No light gets refracted through angles smaller the 22°, making the inside of the halo a shade darker.

As we learned with twinkling, refraction bends blue light more than red. As light enters and exits a crystal, blue light is bent at a greater angle than red, tinting the ring’s outer edge a pale blue. Red is bent least, lending a ruddy border to the circle’s inner edge. The effect is subtle but worth looking for. Halos around the sun and moon form in high-altitude cirrus and cirrostratus clouds, which often precede the arrival of a warm front and precipitation. Maybe you’ve heard the old weather proverb. “When halo rings the moon or sun, rain’s approaching on the run.” There’s a nugget of truth in it.
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Most of the light passing through millions of hexagonal ice crystal is refracted or bent at a 22° angle to form the 22° halo. Red light is refracted less strongly, so the halo’s inner edge has a reddish hue. The other colors are refracted more strongly, grading all the way to pale blue at the halo’s outer edge. Photo credit: Jon Morris/ www.mophoto.co.uk


ACTIVITY: Cirrostratus clouds form a milky, translucent veil across the sky that lets in sunlight and moonlight but dims the stars. If you know a warm front is approaching and a bright moon will be out, watch for halos. If you see one, it may indicate the arrival of rain or snow in the next 20–24 hours. According to the U.S. National Weather Service, rain follows about 75 percent of solar halos and about 65 percent of lunar ones.



If you think the 22° version is big, its cousin, the 46° halo, is more than twice the size with a diameter of 92°. Nine fists wide! It forms when moonlight enters a side face and leaves through an end face of a randomly oriented pencil crystal. Multiply that refraction by billions and you get glorious eye candy. The 46° halos are typically fainter than the smaller version and rarely visible around the moon. They’re easier to see around the sun, but still uncommon. Any time there’s a regular halo, sweep your gaze around the sky to see whether the 46° variety might also be present.
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When conditions are right, multiple halos can form. In this photo of a solar display, a rare 46° halo rings the 22° version, which is flanked by sundogs and crowned with a tangent arc. Similar halo phenomena appear around the moon, especially around full, when it’s brightest. Photo credit: Bob King

The related circumzenithal (sir-cum-ZEN-ith-ul) arc puts in an appearance slightly more often, though only around the time of full moon, when moonlight is bright enough to render it visible. Otherwise you’ll have a better chance of seeing one around the sun. Intensely colorful, the arc looks like an upside-down rainbow at the top of the sky, its shape reminiscent of the Cheshire Cat’s smile in Alice in Wonderland. Another related ice halo effect created by refraction is the circumhorizontal arc that appears as a large, colorful band parallel to the horizon far from the moon or sun. You might hear it referred to on the Internet as a “fire rainbow,” a misleading term, since it’s neither fire-related nor a rainbow.

Moondogs and the Paraselenic Circle

Sometimes the moon is accompanied on either side by a pair of brilliant ”moondogs“ also called paraselenae (par-uh-suh-LEE-nye). These lovely features get their folksy names from the way they accompany the moon like a pet might accompany you on a walk. They’re also caused by refraction, but this time light passes through six-sided, plate-shaped crystals floating with their large faces horizontal to the ground. They look like bathroom tiles. Moonlight enters through a side face, gets bent or refracted through the crystal and exits through another side face after a second refraction. The two refractions bend the light 22° from its original direction and concentrate it in two bright patches level with and on either side of the moon.

Keep in mind that all the plate crystals in all their many orientations are refracting light, but we see only glints from those level with and 22° or more from the moon. A moondog’s inner edge glows red and its outer edge blue for the same reason halos show color.


ACTIVITY: Did you know that moondogs sometimes grow tails? Look closely for spikes of light extending from each dog in the direction away from the moon. On rare occasions the spikes can extend all around the sky to form the enormous paraselenic circle. Light reflected from both plates and columns standing vertically on end, their crystal faces acting like tiny mirrors, are responsible for the phenomenon. Complete circles are rare; most of the time you’ll see a piece of it as an arc connecting the two sundogs across the moon’s face.



Circumscribed Halos

One night I looked up to see Jupiter lassoed by a lunar halo. Halos are impressive enough, but when they rope off a bright star, a planet or both at the same time, it only adds to the attractiveness of the scene. That night, nature had more in store. An oval-shaped circumscribed halo touched the inner halo at top and bottom to form a double ring that looked like a huge eyeball staring down over the moonlit landscape.

Randomly oriented pencil crystals created the 22° inner halo; the same crystals floating horizontally painted the more unusual circumscribed halo. Be careful not to mistake this halo with the more common upper tangent arc which looks like a bird with wings outspread perched atop the 22° halo. There’s also a lower tangent arc sometimes seen at the bottom of the halo. Both form when light passes through a side face of a horizontally oriented pencil crystal and exits through another side face at a 60° angle to the first.
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A slightly less common circumscribed halo makes the moon look like a giant eye in the sky. Photo credit: Bob King
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A light pillar formed by light reflecting off horizontal plate crystals stands two fists tall above the rising moon. Photo credit: Bob King
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Sometimes halos create a picture frame around brighter stars and planets for a special visual treat. Here a partial 22° lunar halo corrals the top half of Orion, the “V” of the Hyades star cluster and the Pleiades cluster. Photo credit: Bob King
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Two moondogs, a partial 22° halo and a segment of the paraselenic circle, the arc of light connecting the moondogs, decorate the sky around the full moon in May 2015. Photo credit: Bob King

Another even more peculiar halo or series of halos is created by rare pyramid-shaped ice crystals. Their many faces create multiple, odd-dimension halos nested one within the other. I’ve only seen them once—a set of mini-halos 9° and 18° across tucked inside a normal 22° halo. The literature suggests they’re more common than believed, so be on the lookout.

Pillars of the Community

If you’ve ever noticed a ray of pale orange or white light sticking straight up from the moon or sun when it’s near the horizon, you’re seeing another ice crystal phenomenon called a light pillar. Pillars form when plate-shaped ice crystals drift toward the ground. Air resistance causes many of them to orient themselves nearly horizontally. When the sun is low, its light reflects off of their bottom surfaces, forming a column of light anywhere from 5° up to 25° tall. The phenomenon is best viewed around the time of full moon near moonrise or moonset (or towering above the sun at sunset and sunrise) on cold mornings and evenings. Perfectly aligned crystals create narrow pillars. When the crystals tilt slightly on their way down, the pillar broadens out into a plume. Once the moon or sun rises high enough, the upper pillar will often fade from view. But the show may not be over. Watch for a similar lower pillar to appear below each orb.

Ice crystals that form in cloudless, cold air are called diamond dust. If you hold your hand up to block the moon or sun when viewing a light pillar, you’ll sometimes see them as dust-like scintillating snow specks. During one display I saw years back, they landed right on my coat and looked like tiny snowflakes only a millimeter or two across. Diamond dust is the icy equivalent of fog, but it’s much “thinner,” since cold air holds only a fraction as much water as warm air can. Wherever diamond dust falls or is blown about, look for ice pillars not only over the moon but standing above car headlights and any bright, unshielded lights. I once received an urgent phone call from a friend who insisted I go out right now to see a fantastic display of northern lights. I walked out the door only to discover that what he’d been looking at were a multitude of light pillars over the downtown city lights!

If Venus is visible and you notice light spikes above the moon or artificial lights, don’t miss a rare opportunity to see a Venus pillar. Closely examine the planet with your naked eye. Is it surrounded by a glowing oval or an extended light spike from top and bottom? Binoculars will help you confirm your naked-eye observation.
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Pillars can also form around Venus, though they’re subtle and often require averting your vision by looking around rather than directly at the planet. Photo credit: Bob King
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A remarkable, multiple-ringed lunar corona paints a colorful bullseye in the sky. Coronas form when tiny water droplets or other particles diffract light and spread it into a series of rings. They’re much smaller than halos, typically about three fingers or 5° across. Photo credit: Bob King

Diadems of the Night

A corona is a small colored disk several degrees across centered on the moon or sun, usually bluish-white in the middle, fringed with red and surrounded by multicolored rings resembling a bull’s-eye. Coronas are more common than halos and sometimes even more spectacular. Halos are shaped by refraction; coronas form when light waves scatter off extremely tiny droplets of water, a process called diffraction. Some of those waves reinforce one another to make bigger waves (brighter light), others cancel each other out to create dips in brightness. Since they do this in all colors, the end result is a series of nested, multicolored rings. Red light is diffracted to the outside of a corona, while blue fills the space in between. You’ve probably seen a few coronas before but may not have been aware of them. Halos form in cirrus and cirrostratus clouds; coronas prefer middle and high level alto- and cirrocumulus clouds. As with halos, the most striking coronas happen around the time of full moon.

One night while I was taking out the garbage, the most deliciously colorful and multi-ringed corona I’d ever seen in my life made me stop in my tracks … then run back to get my camera. Thin clouds moved swiftly across the moon, creating a rapidly mutating series of coronas with distorted shapes and varying colors. I’ve seen a lot of coronas over the years but never one so vivid and ever-changing. Sometimes you might find yourself thinking that because you’ve seen one of something, you’ve seen it all. Nature offers continual variations on a theme, each worthy of your consideration. Rainbows and halos tend to get all the attention, but when conditions are right, these little bull’s-eyes make equally compelling sights.
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Ah-choo! Who knew? Yes, even pollen can make coronas. Keep your eye out for them during the late spring and early summer months, when many plants release the fine material to the wind. Pollen coronas have curious, elongated shapes like the one in this photo. Photo credit: Bob King


ACTIVITY: Take a look at the weird shapes the corona takes on as clouds continually blow by. Water droplets are so fine at the edge of the clouds, the corona becomes enlarged in that direction. The tinier the droplets, the bigger the corona. The most striking colors occur in clouds where all the droplets are of the identical size. In more common clouds, droplets come in a mix of sizes. Those create multiple, overlapping coronas which blend together into a pasty disk occasionally fringed in pale red.

Want to see an artificial corona? Ice crystals on your windows diffract light just like the ones in the clouds. Try looking at the moon or sun through an icy or frosted windowpane.



Can a Corona Make You Sneeze?

Diffraction isn’t picky. As long as the particles are small, they’ll do. Wind-borne pollen grains measuring around 0.09 millimeters across fit the bill nicely. The very same pollen that makes you sneeze in springtime crafts weird, oval coronas around the bright moon. Most coronas are circular, but pollen particles are elongated rather than spherical, like water droplets. Be on the lookout for pollen coronas around the time of full moon in late spring and early summer.


ACTIVITY: You’ll know you’re seeing a pollen corona because of the odd oval or geometric-shaped glow around the moon in an otherwise perfectly clear sky. Pollen coronas are rather faint. To improve visibility, hide the moon behind a power pole or a chimney and then carefully examine the sky immediately around it for an odd-shaped glow. Be sure to keep your eyes dark-adapted by avoiding staring directly at the bright moon. What a kick to think that a billion tiny living things are responsible for the sight!



Night-Shining Clouds

Every summer I add a new item to my list of what to watch for in the night sky. Oddly enough, it’s clouds. What skywatcher needs more clouds? Trust me, these are different. Called noctilucent or night-shining clouds (NLCs), these skittish objects are visible now and again very low in the northern sky during morning and evening twilight from late May through August.

NLCs hole up in Earth’s mesosphere, a rarefied blanket of air extending from 30–53 miles (48–85 km) high. Most of the meteors we see burn up in this layer. It’s also extremely cold up there, with temperatures dropping to a teeth-rattling –130°F (–90°C). Because of their great height, noctilucent clouds reflect sunlight long after sunset, when other clouds have gone gray and colorless. Their color is imparted by the ozone layer located 12–19 miles (19–30 km) overhead. The reds and oranges of reflected sunlight are absorbed by ozone on their way down to our eyes, tinting the clouds blue.
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A bank of ribbed noctilucent clouds glows a phosphorescent blue against the darkening sky on July 31, 2008. Night-shining clouds are mostly, but not always, a northern phenomenon. Look for them low in the northern sky in the summer months, in late evening and early morning twilight. Photo credit: Bob King

For a cloud to form, water needs to stick to something. In the familiar clouds of the lower atmosphere, desert dust, industrial and natural soot, sea salt and clay supply the necessary “nuclei” for the formation of water droplets and ice crystals. Cirrus clouds, the ones that look like feathers wafting across the daytime sky, are typically about 10 miles (16 km) high and composed of ice crystals. Noctilucent clouds share the realm of the Greek gods, basking in sunlight well into the night at an altitude of some 50 miles (80 km). That’s nearly as high as the aurora borealis, which can shimmy down to a scant 60 miles (96 km).

Since it’s not easy to loft dust that high up in the atmosphere to provide the nuclei for cloud formation, scientists suspect meteoroid dust and comets provide some of the necessary material. Other sources may include volcanic dust and even chemical residues from rocket exhaust. Winds from summer storms carry water vapor into the mesosphere from the lower atmosphere, which condenses on this mixed bag of terrestrial and extraterrestrial dust—the reason NLC displays are most common in summer.

NLCs look weird. Delicate undulating streaks and curls glow an eerie blue against the early stars. The clouds actually grow brighter for a time as the sky gets darker, while slowly moving and changing shape. While most sightings are made from the far northern United States (northern North Dakota, Minnesota, Maine), Canada and the British Isles, they have been seen from places much farther south. Noctilucent clouds remain aglow until the end of summer twilight or until about 11:30 p.m. from the northern states.


ACTIVITY: Find a location where you can see as far down to the northern horizon as possible and start watching about an hour after sunset. In the half-dozen displays I’ve seen, none of the clouds climbed higher than 10°, or one fist above the horizon. Those living farther north in Canada, northern Ireland, England and Finland, where twilight never ends in the early summer months, can enjoy NLC viewing all night.



Night-Shining Clouds

While we’re on the topic of clouds, let’s touch on contrails, those narrow streaks of clouds that follow in the wake of passing airplanes. You’ll often notice them chalking the sky when a bright moon is out. You might have heard rumors that contrails are really “chemtrails,” trails of toxic chemicals sprayed on us hapless humans below. False. The planes aren’t spraying anything but exhaust that contains water vapor and fine soot-like particles from the burning of fuel. In the chill air at high altitude, water vapor both from the plane and already present in the atmosphere condenses onto exhaust particles and forms a trail of “clouds” directly behind the plane. Natural clouds form the same way: water vapor rises, cools and condenses on soot, salt and other tiny particles present in the atmosphere.

The same thing happens when your warm breath condenses into a cloud in the air when you’re outside on a cold day. When the air is humid, there’s lot of water vapor available for contrails to grow and spread. If you live under a popular, transcontinental flight path and the upper atmosphere is humid, your sky might be crisscrossed with contrails that can sometimes merge to create a nearly overcast sky. Clouds, breath, steam rising from a warm lake on a cold morning—they’re all examples of simple science at work and proof that nature treats both man-made and natural water vapor the same.
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A spreading contrail left by a transcontinental jet glows with the colors of the approaching sunrise. Contrails form when water vapor at high altitude condenses on particles in jet engine exhaust. Depending on humidity and other factors, they can quickly disappear or spread. Photo credit: Bob King
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Subtle streaks of green and red airglow illuminate the eastern sky on a July night. This view faces east with the Andromeda Galaxy above center. Green derives from oxygen emission at around 60 miles (95 km) in altitude; red from oxygen higher up. To see airglow, find a place well away from city light and allow your eyes to become fully dark-adapted. Photo credit: Bob King

Even the Air Glows

Pitch black nights don’t exist. Not on Earth, the Moon, Mercury, Mars or anywhere else in the solar system where you can gaze up into the night sky. Find the darkest place on Earth, hold your splayed hand up against the sky and you’ll see it in silhouette. Chances are, once your eyes have become properly dark-adapted, you’ll be able to carefully pick your way across the landscape without a light.

What makes your hand visible, anyway? Ignoring human-made light pollution and focusing only on natural sources, there are several contributors to nighttime illumination. The stars, of course, including the unresolved ones, plus starlight reflecting off of interstellar dust in the plane of the Milky Way. This amounts to at most one-third of nature’s night light, making it more feeble than one might suppose.

Another major player is the zodiacal light, sunlight reflecting off comet and asteroid dust concentrated in the solar system plane. Zodiacal light emissions vary over time depending on your latitude, seasonal variation of the ecliptic’s angle to the horizon and solar activity.

But the most widespread contributor to night-sky brightness comes from airglow. Look at any nighttime photo taken from the International Space Station (ISS) and you’ll see the arc of Earth encapsulated in a thin green shell of glowing air. Unlike the aurora, which concentrates in ovals centered on Earth’s geomagnetic poles, airglow pervades mid-latitudes, equator regions and polar skies alike.

In auroras, electrons and protons from the sun physically crash into oxygen and nitrogen atoms and molecules at high speed, energizing electrons within the atoms to higher levels. When the atoms return to their rest states, they emit photons of green and red light. With gazillions of atoms and molecules at play, the amount of light released can create staggering auroral displays.

Airglow, which is present both day and night, arises from the sun’s ultraviolet light. UV light is powerful stuff, as anyone who’s experienced a nasty sunburn can attest. Solar UV galvanizes several different processes in the upper atmosphere that lead to airglow emission. These include excitation, where an energized atom returns to rest either by itself or by smacking into a nearby atom, and photo-ionization, where UV radiation knocks the electron right out of an atom. When it recaptures another, the satisfied atom releases a particle of light called a photon.

The brightest emission, the one that typically shows in ISS photos and those taken from the ground, originates from excited oxygen atoms beaming yellow-green light. UV light breaks oxygen molecules into individual atoms about 60 miles (95 km) overhead. Rife with excess energy, they radiate green photons as they return to their rest states.

Airglow is visible any moonless night of the year but only from the darkest skies. It’s brightest—if you can call it that—about 10–20° above the horizon, where your line of sight passes through more atmosphere. If you look lower, its feeble light is absorbed by denser air and dust. Looking higher, the light spreads out over a greater area and appears dimmer. That said, on certain nights, I’ve seen the green sheen up to 50°. Too dim to register color, it takes the form of streaks, featureless smears and plumes.

If you can see airglow, count yourself lucky. Your sky’s officially dark!

Comets Near and Far

In ancient Greek times, the philosopher Aristotle wouldn’t be surprised to read about comets in a chapter mostly devoted to nighttime atmospheric phenomena. In his view, a comet formed when hot, dry, flammable air rose to the top of the atmosphere. There it would be dragged and heated by the motion of the heavens around the Earth until it burst into a slow-burning flame. Meteors formed in a similar way, but since they were much smaller “exhalations” of hot air, they burned up in a flash.

Aristotle’s views on comets and many other scientific subjects, accurate or not, held sway from ancient times through the Middle Ages. Not until the late 1500s did the Danish astronomer Tycho Brahe prove that a comet he observed in 1577 lay at least four times farther from Earth than the moon. He attempted to triangulate its distance using observations from widely-separated observers across Europe. If the comet were closer to Earth than the moon, as Aristotle asserted, the observers should see a shift in the comet’s position against the distant background stars. No such shift was observed, forcing Brahe to conclude the comet was far from Earth.

Aristotle’s grand theory began to teeter. The discovery by Isaac Newton a century later, that comets obey the law of gravity and orbit the sun like the familiar planets, transformed our view of them from flaming pockets of air to objects millions of miles away cycling around the sun in orbits from a few years to tens of thousands of years. English astronomer Edmund Halley used Newton’s formulas to discover that three apparently different comets seen in 1531, 1607 and 1682 were really the same comet seen three times over three orbits. Halley predicted it would return again in 1758–59. When the comet arrived right on time, it was christened Halley’s Comet in his honor. Its next return will be in 2061. Halley’s is one of about 300 periodic or short-period comets, those that orbit the sun in fewer than 200 years.
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Comet C/2006 P1 McNaught photographed from Lawlers Gold Mine in Western Australia on January 20, 2007. Discovered in August 2006, the comet became bright enough to see in broad daylight in binoculars and small telescopes in January 2007. New comets are being discovered all the time. The majority are faint, but most years at least one comet becomes bright enough to see with the naked eye or binoculars. Photo credit: Wikipedia

Nowadays, we worry about asteroids and comets hitting the Earth, and rightly so, as some 190 impact craters or structures have been discovered across the planet. While certainly a concern, larger impacts are extremely rare and none are foreseen for at least the next 100 years. Meanwhile, astronomers continually survey the sky looking for new ones, mapping their orbits to determine whether they pose a future threat or not. We take a scientific approach to the problem, recognizing the possibility for disaster but mindful of the probability.

Before we “tamed” comets through an understanding of their motion and nature, they inspired fear and dread in humanity from the earliest times. Their association with fire made them easy to blame for droughts and poor crops. Why stop there? Comets were also thought responsible for wars, deaths of kings (a bright comet appeared at the time of Julius Caesar’s assassination), earthquakes, sickness, plague, family feuds and even the birth of two-headed animals. Quite a rap sheet.

Scary Comets or Scared Humans?

But it makes sense when you consider that comets arrived out of the blue, adding an element of the unknown to the otherwise orderly scheme of the sky. Given our discomfort with change, then as now, is it any surprise we’d look for a cause behind then-unexplainable events such as earthquakes or drought? A scapegoat? Stars and constellations always followed the same paths; even the multi-rhythm movements of the planets were predictable. But comets? Auroras? They came unannounced and shattered the familiar constancy of the night sky.

We’ve evolved to respond to sudden changes in our environment with suspicion because whatever-it-is may threaten our survival. Today, we can predict the movements of the sun, planets and stars far into the future. New comets arrive routinely from the distant reaches of the solar system, first appearing in photographs taken by professional telescopic surveys or happened upon by dedicated amateur astronomer comet-hunters. Most new comets are relatively faint and require a telescope to see, but occasionally, one passes close enough to the sun to brighten and sprout a gorgeous tail that makes us look up in wonder. Yes, times have changed. Or have they?

We can forgive our ancestors, who knew little of the true nature of comets. These days we know far more, yet you’ll still find fear-mongering alive and well in certain online venues. Those who should know better continue to blame comets, asteroids and planets for tsunamis, earthquakes and other natural disasters. They assume a comet’s gravity, close approach or a random alignment with a planet can instigate an upheaval of Earth’s crust; as evidence they point to the timing of an earthquake with a comet’s arrival. Yet a quick look at a yearly list of earthquakes shows this is only coincidence. Earthquakes occur regularly long before, during and long after a comet passes by Earth. The average comet nucleus—the hard, icy part at the center of all the excitement—is typically fewer than 6 miles (10 km) across and has about the same gravitational pull on Earth as your car does on you. Insignificant. Even if all the planets lined up, their additional gravitational draw on Earth, while measurable, is also insignificant.

Far from causing death and destruction, planet and comet alignments make for some of the most inspirational sights in the night sky. Knowledge is not only power, it allows us to relax and enjoy the world around us.

I love watching comets—both the occasional ones visible with the naked eye and the much more numerous telescopic ones. While comets often appear by surprise, you might also be surprised at what they’re made of. Many of us are familiar with those hardened, black chunks of dirty, icy snow that get wedged up in the wheel wells of our cars. Often, they’ll plop out onto the ground.

Next time that happens, take a good look at one, scale it up about 10,000 times in your imagination and you’ve got something resembling a comet nucleus. Scientists call them “dirty snowballs” or “icy dirtballs.” Comets are composed primarily of water ice along with frozen gases such as carbon dioxide (dry ice), methane and ammonia mingled with rock, dust and organic materials containing carbon. These give comets their dark appearance similar to a lump of charcoal in your grill. Spacecraft photos show comet nuclei as bright gray, but they only appear that way because we see them lit by the sun against the inky blackness of space.

Tale of Two Tails

Astronomers believe comets are the icy remnants left over from the formation of the solar system 4.5 billion years ago. Most travel in long, cigar-shaped orbits that take them far from the sun, where they look and act more like rocky asteroids. No tail, no fuzzy look. But when a comet loops in closer to the sun, a remarkable transformation occurs. Solar heating vaporizes some of the dirty ice into gas, forming a fuzzy envelope or atmosphere around the icy nucleus called a coma. Dust once locked within the ice now circulates freely inside the coma. Much of it’s only the size of particles in cigarette smoke. In the vacuum of space, sunlight pushes the dust away from the coma to form a dust tail. When a comet passes especially close to the sun, more ice vaporizes and a bright, long tail can form. If the comet then swings near Earth, we’ll see a bright head (the coma) trailing a long, smoke-like tail.
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Comet C/2013 US 10 Catalina, sporting a long ion tail and shorter dust tail, makes a spectacularly close pass of the bright orange star Arcturus on January 1, 2016. With known comets, we have an idea of how bright they might become when they make future passes of Earth, but there is more guesswork involved with new discoveries. Photo credit: Chris Schur

Often a comet will have two tails. The second or “ion” tail forms when ultraviolet light from the sun excites carbon monoxide gas (yes, the very same thing in your car exhaust) to fluoresce pale blue. Ion tails point directly opposite the sun and are shaped by the same solar wind that can spark auroras on Earth. When the wind changes speed or direction, it can actually snap off the ion tail. Easy come, easy go. The tail drifts off into space and a new one soon grows in its place like a proverbial desert lizard. Comas can reach up to 1 million miles (1.6 million km) across, and some comets have tails 100 million miles (161 million km) long, more than the distance from Earth to the sun.

Comet Hyakutake, which put on a superb show for northern hemisphere skywatchers in the spring of 1996, grew a tail measured at more than 300 million miles (483 million km) long! For all their dramatic appearance, comet tails consist of remarkably little stuff. If you could rake together all the dust in an average one, it would barely fill a suitcase.

During each pass a comet makes through the inner solar system, it loses mass, changes shape slightly and can sometimes even break into pieces. They’re fragile creatures. Given enough solar passes, a comet can break down into a swarm of ice chunks, gravel and dust or, its ice reserves depleted, stop vaporizing altogether and become inert and indistinguishable from an asteroid. But despite losing tons of material with every pass, they’re massive enough to last for many happy returns. Don’t forget that all that dust doesn’t just disappear. It remains in the comet’s orbital path, slowly diffusing outward over the centuries. When Earth slices across the trail, we see a meteor shower. Speaking of meteors, you’ve no doubt noticed that comets and “shooting stars” have similar shapes, with bright heads and long tails. Keep in mind, that’s only in appearance. Meteors are brief and close, where a comet is far away like a planet and can stick around for up to a couple years before fading from view.

Long ago, comets were named by the year in which they appeared, such as the “Great Comet of 1680.” Later, they were named for the astronomers who calculated their orbits, as in Halley’s Comet or Encke’s Comet, after German astronomer Johann Encke. The first comet to be named after its discoverer was Comet Faye after Herve Faye in 1843. The practice became widespread in the 20th century and is still used today. When an observing team or several observers working independently discover a comet, up to three names are allowed in a title.

More recently, professional asteroid and comet surveys using robotic telescopes headed up by teams of astronomers have become the chief discoverers of comets. Because many people might ultimately be involved in a discovery, the comet is named for the program or instrument used. That’s why you’ll see a lot of comets with names such as 285P/LINEAR (for Lincoln Laboratory Near-Earth Asteroid Research project based at the Massachusetts Institute of Technology). The “P” stands for periodic comet. Or C/2011 L4 Pan-STARRS (Panoramic Survey Telescope & Rapid Response System based in Hawaii). The “C” stands for a non-periodic comet, one with an orbital period of 200 years or longer. They’re also called long-period comets. After the “C” comes the year of discovery followed by a letter indicating the half-month of the discovery and a number indicating the order of discovery. So … C/2011 L4 Pan-STARRS is a long-period comet discovered in the second half of May 2011 by the PanStarrs survey.

While it makes for unwieldy names, given the huge number of comet discoveries with the advent of new surveys in recent years, the system helps keep everything in order.

Any given year, a dozen or more comets are visible in amateur telescopes and a few of those in binoculars. Naked-eye comets are uncommon and the bright, knock-your-socks-off variety happen once every 10 years. Most of these are new discoveries arriving unannounced from a distant reservoir of comets far beyond Pluto called the Oort Cloud. But occasionally, a periodic comet skims close enough to Earth to become visible without optical aid.


ACTIVITY: Looking ahead through the year 2020, two periodic comets might get bright enough to see from a dark, moonless sky. Comet 41P/Tuttle-Giacobini-Kresak, which drops by every 5.4 years, may reach fifth magnitude during the first half of April 2017 as it travels from the Big Dipper to Draco in the evening sky. It should appear as a dim smudgy spot with the naked eye, but bright enough to easily spot in a pair of binoculars.

Then in November and December 2018, watch for 46P/Wirtanen (period 5.4 years) to climb to easy naked-eye visibility at magnitude +3 as it shoots swiftly up the constellation Eridanus the River west of Orion and into Taurus. At brightest in mid-December that year, it should be an obvious fuzzy spot not far from the Hyades star cluster.



Don’t take this paltry list to mean that there won’t be a potentially great comet in the next few years. That can happen at any time. Or that a returning comet might not have an ”outburst“ and suddenly become much brighter. Outbursts occur when cracks or holes form in a comet’s surface, exposing fresh material to sunlight. The best way to know what’s happening in the world of comets is to subscribe to the online Comets Group at comets-ml@yahoogroups.com or stop by websites maintained by comet lovers, a few of which I’ve listed at the end of this chapter.

Comets are equal measures of predictable and capricious, making them all the more exciting to follow. Seeing changes in tail length and shape, overall brightness and movement day to day and week to week provides both viewing enjoyment and insight on how they work.

The ancients were right. These fuzzy-tailed stars do surprising things. How fortunate we are to live in a time when we can appreciate them for what they are.


ACTIVITY: How to Make Your Own Comet

Meteorites provide one way we can touch the solar system. Making a model comet is another. It’s super easy to do, and you’ll be amazed how your homemade comet will look and behave like the real thing. Ready to try? Gather up the following items:


1.  Newspapers or plastic sheet

2.  Thick, lined gloves

3.  Safety glasses for eye protection

4.  Medium-size plastic bucket

5.  Plastic trash bag

6.  4 cups (947 ml) water

7.  2 cups (222 g) dirt

8.  1 tbsp (15 ml) pancake syrup

9.  Several squirts of an ammonia-based glass cleaner

10. 1 tbsp (15 ml) rubbing alcohol

11. 1 crushed charcoal briquette

12. ½ lb (227 g) dry ice pellets stored in a cooler



Optional: sand to represent large grit and starch to make your comet stick together better.

Make comets on a tabletop covered in newspapers or a plastic sheet. Put on your gloves and safety glasses, line the bucket with the garbage bag and add four cups (347 ml) of water. Water is a big ingredient because comets contain lots of it. Now add the dirt (comet dust and minerals), syrup (simple sugars found in comets), glass cleaner (ammonia ice), alcohol (another common compound found in comets) and crushed charcoal (organic carbon compounds found in comets responsible for their dark coloration), mixing the ingredients as you go. Finally, carefully add the dry ice (comets are partly made of bitter-cold dry ice) and mix it all together. The “smoke” produced when the ice contacts the water is moisture condensing like fog in the chilled air and is not dangerous.

Gather up the bag and compress the contents until you can feel the mass stick together in a solid lump, open it and pull out your comet! It will be dark and icy like a real comet and shooting out “jets” of vaporizing dry ice. These are best seen if you lower the lights and shine a flashlight at the comet. In real comets, much of the gas and dust delivered into the coma comes from these very same jets. They resemble little geysers and erupt when sunlight heats ice beneath the surface. When it turns to vapor, it expands and finds a crack or gap in the comet’s crust and blasts into space. Cool!

For more on comet-making, here’s an excellent comet-making video: www.youtube.com/watch?v=FY_SFxP_jH0. More are available on YouTube; search for “make a comet.”
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The soft glow of zodiacal light tilts up from the eastern horizon just before dawn in October 2010. Sunlight scattered by comet and asteroid dust in the plane of the solar system creates the phenomenon, best viewed just after dusk in spring and before dawn in fall. The phenomenon gets its name because it’s centered on the zodiac, the belt of sky traveled by the planets, sun and moon. Photo credit: Bob King

Zodiacal Light

You already know that comets are responsible for many of our meteor showers, but you might not know that comet dust spreads throughout the inner solar system in a vast cloud. Touched by sunlight, it forms softly glowing cones of light in the eastern and western sky at dusk and dawn called the zodiacal light. There are two ideal times or “seasons” for viewing the light for mid-latitude skywatchers—moonless evenings from March through May in the western sky after sunset and moonless mornings from October through early December in the eastern sky just before the start of dawn.


ACTIVITY: In spring, find a location with a dark, light-pollution-free view to the west. In fall, make sure you’re facing east. Once your eyes are dark-adapted, look for a large, diffuse, tapering cone of light slanting up from the western horizon 75 minutes to two hours after sunset. It’s highest and brightest early on, so catch it just as twilight gives way to night. Cast a wide view across the sky, sweeping your gaze from left to right and back again while looking for a big, hazy glow. Near its base, the cone easily matches the brightness of the summer Milky Way and spans about two fists held horizontally at arm’s length. When you first see it, you might be tempted to think you’re just looking at the lingering glow of twilight, but the zodiacal light has an obvious tilt to the left (south) and a distinctive taper. The farther your eyes follow up the cone, the fainter and narrower it becomes. From top to bottom the light pyramid measures nearly five fists long. In a word, it’s enormous.



Sunlight reflected from countless dust particles shed by comets and to a lesser degree by colliding asteroids is responsible for this little-noticed phenomenon. Comets orbiting approximately in the plane of the solar system between Jupiter and the sun are its key contributors. Jupiter’s gravity stirs the works into a pancake-like cloud that permeates the inner solar system.

While a dark sky is essential for viewing the phenomenon, you don’t have to move to the Atacama Desert. I live 9 miles (14 km) from a moderate-size, light-polluted city; the western sky is too bright for a good look, but the east is plenty dark and ideal for watching the morning zodiacal light in the fall months.

The dusty light is centered on the ecliptic just like the planets. In spring, the ecliptic tilts steeply up from the western horizon after sunset, “lifting” the chubby thumb of light high enough to clear the horizon haze and stand out against a dark sky for northern hemisphere observers. In October and November, the ecliptic is once again tilted upright, but this time before dawn. While the zodiacal light is out year-round, it’s usually tipped at a shallow angle and camouflaged by horizon haze. From the equator and lower latitudes, where the ecliptic tilts up nearly vertically all year long, the zodiacal light is visible any dark, moonless night.

The cone we see is part of the larger zodiacal dust cloud that extends at least to Jupiter’s distance (~500 million miles [805 million km]) on either side of the sun, making it the single biggest thing in the solar system visible with the naked eye. Under exceptional skies, such as those found on distant mountaintops or far from city lights, the cone tapers at its top into the zodiacal band that completely encircles the sky. While the band may elude most skywatchers, a slightly brighter, oval-shaped glow called the gegenschein (German for “counter glow”) embedded in the band can sometimes be seen.

The gegenschein is 180° opposite the sun and highest in the sky around local midnight (1:00 a.m. Daylight Saving Time). At this spot, comet dust particles get an extra brightness boost because they face the sun square on, much like the moon does when full. Since it’s midnight, imagine the sun behind and below you shining past Earth and into space.

[image: ]

This long time exposure made under extremely dark skies at Paranal Observatory in Chile records the glow of the gegenschein—the brighter patch above center—and part of the zodiacal band, an extension of the zodiacal light all around the sky. Photo credit: ESO / Yuri Beletsky

[image: ]

Are you ready to be challenged? Use this gegenschein calendar to help you plan a viewing session. The gegenschein’s approximate shape and size are shown for mid-month. Best viewing months are October–November and February–March. Photo credit: Bob King

The fall months from September to November are best for gegenschein-seeking, when it’s high in the southern sky for mid-northern observers and not “bothered” by bright stars, the Milky Way or low altitude as it is in the other seasons. I look toward the zodiac constellation that will be south around midnight and play my eyes this way and that to catch sight of an eerie oval-shaped glowing patch of light just shy of one fist across and about three fingers thick. It resembles a very faint aurora or the dimmest parts of the Milky Way. The gegenschein is probably the toughest naked-eye challenge of them all. If you see it, both your skies and observational skills are exceptional.

Deep connections abound throughout the universe. Over time, much of the comet dust in the zodiacal cloud either spirals inward toward the sun or gets pushed outward by solar radiation. The fact that we can still see it today means it’s continually being replenished by the silent comings and goings of comets. Dribs and drabs of dust sputtered from the next comet that arcs over your backyard will likely find their way into the zodiacal cloud to secure its presence for future skywatchers.

Gazing at the zodiacal light on a spring evening, we can appreciate how small things come together to create something grand. So it is with our own involvement in astronomy. By gaining familiarity with the night sky, we become part of something bigger than ourselves.

(Excerpt from Sky & Telescope blog “Why We Can See in the Dark” July 22, 2015 © 2015 Sky & Telescope. Reprinted with permission.)


Useful Websites

•  Great resource for learning more about ice halos, rainbows and more. Loaded with photos: www.atoptics.co.uk/

•  Join the Comets Group at comets-ml@yahoogroups.com for the latest comet news

•  British Astronomical Association Comet Section: www.ast.cam.ac.uk/~jds/

•  Gary Kronk’s Cometography site for everything cometary: cometography.com/

•  Weekly Information about bright comets by Seiichi Yoshida: www.aerith.net/comet/weekly/current.html

•  News about novae and other flaring stars: www.aavso.org/

•  Comet-making video: www.youtube.com/watch?v=FY_SFxP_jH0

•  Rosetta Mission to Comet 67P/C-G: blogs.esa.int/rosetta/

•  Noctilucent Cloud Observing Network (NLCNET): ed-co.net/nlcnet/
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