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Preface



Why did not somebody teach me the constellations and make me at home in the starry heavens which I don’t half know to this day?


THOMAS CARLYLE


Nineteenth-century Scottish historian and essayist


The words of Thomas Carlyle echo a sentiment felt by many people to this day. We hope this book will serve as an invitation to inspire you to strike up a friendship with the universe.


Astronomy is a participation “sport” that must be “played” to be fully appreciated. With that in mind, we have come up with a series of get-acquainted activities for stargazers young and old. These activities range in difficulty from simple enough for elementary-school students to complex enough to challenge the inquisitive high-school mind. Some require special tools and equipment; others need only this book, a clear sky, and a sense of curiosity


The activities are designed to be performed by adults and children together. You will find that the natural curiosity of the children’s minds will spark the imagination of everyone involved. The universe is, after all, a place of wonder.


We have rated each activity by its level of difficulty. Activities that are listed as “Intermediate” are suitable for ages eleven through fourteen. “Advanced” activities are appropriate for ages fifteen and up. Activities that are marked with the word “All” are suitable for an elementary level (ages seven through ten) as well as for all students of astronomy from the age of eleven on up.


Start with the basic naked-eye activities in the beginning of the book. You can learn to recognize the night sky as you do your daytime world. It has been said that most people go through life looking either straight ahead or down toward the ground. By doing so, they’re missing half of their world. What a shame, especially when the other half—that is, the half over their heads—has so much to offer.


Once you’re familiar with the naked-eye night sky, graduate to those activities that require more in-depth observations of the heavens. Some of these latter activities require a telescope or binoculars. If you don’t own a telescope or binoculars, perhaps consider buying the needed equipment (see Activity 45). Or, if you are so inclined, consider building the telescope we detail in Activity 46. Making a telescope is a great family activity.


You should also note that rather than include celestial photographs taken at professional observatories, we thought we would showcase the work of some advanced amateur astronomers taken with their own equipment. Nowadays, hobbyists can readily purchase sophisticated telescopes and cameras that were only recently in the realm of professionals. We hope you enjoy and appreciate these amateur efforts.


After you do these activities, we invite you to tell us your results and reactions. Please send your comments to us in care of the publisher, The Globe Pequot Press, P.O. Box 480, Guilford, Connecticut 06437.


Here’s wishing you clear skies and bright stars. Welcome to the universe.


Philip Harrington


Edward Pascuzzi
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The Naked-Eye Sky
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	Finding Your Way in the Sky










Level: All


Objective: To learn the four compass directions


Materials: A clear evening at sunset


BACKGROUND


Before we begin to delve into the universe, it is important to become familiar with our own little corner. The next several activities will introduce you to the night sky, but in order to understand and use this information, it is important to learn a little about the sky itself.


Before you read any further in this book, go outside and look up. Take a look at the daytime sky. What do you notice about it? What is its shape?


To many people, the sky appears like an upside-down bowl hanging over their heads. Using this analogy, the edge of the bowl (that is, the place where the sky meets the ground) is called the horizon. The horizon extends completely around the sky.


Everything in the sky that is beyond our atmosphere appears to cross the sky very slowly from east to west. This is caused by Earth’s rotation. Earth spins on its axis once every twenty-four hours. Earth’s axis is an imaginary line that passes from the North Pole, through the center of the Earth, to the South Pole. As Earth rotates, the stars, sun, moon, and planets appear to move by, rising in the east and setting in the west.


ACTIVITY


This and the next activity involve finding our way around the sky. Let’s begin by locating the four directions, or compass points: north, south, east, and west. Go outside on the next clear evening just as the sun is setting, as shown in Figure 1-1. Notice the spot where the sun is dropping below the horizon. (Warning: Do NOT look at the sun directly.) Remember, the sun (and just about everything else in the sky beyond Earth’s atmosphere) appears to set in the west. Make a mental note of where the setting sun is from your observing spot. That direction is west.


With west established, the other three directions will come easily. If you look at any map, either of Earth or of the sky, you will notice that the direction east is opposite west. Consequently, as you are facing the setting sun in the western sky, the east point on the horizon is directly behind you. Turn completely around so that the setting sun is toward your back. You will then be facing east.


[image: chpt1_fig_001]


FIGURE 1-1. The four compass points can easily be determined from the setting sun. Looking toward the sunset point, north is to the right, south to the left, east directly behind, and west directly in front.


Turn back around to the setting sun in the west. To find north, extend your right arm straight out from your side. Your hand will be aimed to the north. Next, stretch out your left arm. That hand will be pointing toward the south.


Finally, look straight up. Astronomers call the point directly overhead the zenith.


That’s all there is to it. Now that you know a few basic terms, and with the sun setting, read the next activity on how to use star charts to “read” the night sky. Then, selecting the appropriate seasonal activity from numbers 4 through 7, go out after it gets dark tonight (if it’s still clear, that is) and begin to identify some of the stars and star patterns. With this introduction and the maps provided, you should have little trouble finding your way around the sky.
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	Using a Star Map to Read the Sky










Level: All


Objectives:




■ To learn how to read and use a star map


■ To make an astronomer’s flashlight





Materials:




■ An all-sky star map (from Activities 4 through 7)


■ A small flashlight


■ Some red filter material, such as cellophane


■ A rubber band





BACKGROUND


Think of this activity as a warm-up for Activities 3 through 7. Those five activities will take you on a year-long journey to foreign lands, where you will meet exciting people and encounter creatures, some delightful, some ferocious. You will see sights that most people have never seen, yet you will journey to these places without ever leaving your backyard. You will journey to the night sky!


Thousands of years before the age of movies, radio, television, and VCRs, our ancestors gathered at night and told exciting myths and legends. These elaborate stories occurred in exotic places and involved some amazing creatures and beings. Since the printing press was still more than a millennium away, these tales were passed from one generation to the next by word of mouth. Storytellers would illustrate their narratives using figures drawn among the stars.


Today, the figures that our ancient ancestors drew among the stars are called constellations. There are eighty-eight constellations in all. Nobody knows who devised the first constellation, but most come to us from ancient Greece, Rome, Egypt, Persia, and Babylonia. Other cultures, such as Native American and those of the Orient, also made up constellations, but most of their patterns were different from the Western ones we recognize today.


Different constellations are seen at different times of the year. Those seen on spring evenings are called the spring constellations, and so on. Some constellations seen in the northern part of the sky never set when viewed from the mid–northern hemisphere vantage point of the continental United States. These are referred to as circumpolar constellations. While shown on all four seasonal maps in this book (Activities 4 through 7), these constellations are discussed separately in Activity 3. Still others never rise from middle latitudes, as they are too far south to peek above the southern horizon. To view these constellations, a resident of the northern hemisphere would have to travel to lands south of the equator.


To eliminate the clutter and confusion often associated with maps of the stars, only the brighter, more easily recognized constellations are plotted on the star charts in Activities 3 through 7. The constellation figures are marked by dashed lines between their stars; their names are printed in capital letters. Use these maps and the accompanying text to guide your way across the sky. Throughout, many of the ancient tales are recounted, sprinkled with a dash of modern astronomy.


ACTIVITY


Which star map should be used at which time of year? Take a look along the bottom of each seasonal chart (Activities 4 through 7) at the time schedule. The spring map, for instance, shows the sky as it will appear in early April at midnight. The same stars will be seen at 10:00 P.M. in early May and at 7:00 P.M. in late June.


Keep in mind that these maps are drawn for the way the sky will look during evening hours. In the wee hours of early morning, the stars and constellations of the next season would replace those shown on the current seasonal map. If, for instance, you were to go out at, say, 3:00 A.M. in late April, you would not see the spring constellations, but rather the groups shown on the summer chart.


Notice how some star symbols appear larger on the maps than others. This is a convention used on all star charts to depict star brightness, or magnitude (see Activity 9). The brighter the star, the larger its symbol. Also realize that despite their appearance on our star maps, real stars do not have five points—they are actually spheres of hot gases. Many of the brightest have names assigned to them. Each name is shown in small print adjacent to the star.


Before departing on our star trek, it is important to understand how to use a star map. To begin, look at any one of the four seasonal charts found in Activities 4 through 7. Notice the trees and buildings along the circular border of the map. This represents the complete horizon, the line where the sky meets the ground. The center of the chart marks the sky’s overhead point (called the zenith), while around the horizon are the four compass points—north, south, east, and west.


The maps are drawn for approximately 40° north latitude, which is the latitude for an east-west line passing from about New York City to somewhat north of San Francisco. If you live south of this line, some stars will be seen above your southern horizon that are not shown on these maps. If you live to the north, then the stars in the south will be shifted closer to the horizon. In both cases, corresponding changes take place along the northern horizon as well. However, this slight difference will not affect the maps’ usefulness within the continental United States.
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FIGURE 2-1. Helen Harrington demonstrates how to hold a star chart correctly to view (a) the north sky, (b) the east sky. Note the angle of the chart itself.


The best way to use the maps outdoors is to rotate the book so that the name of the direction you are facing is angled toward the ground, as show in Figure 2-1. If you are facing south, hold the book upright, so that the word “south” (and the time schedule) are nearest to your body But if you are facing north, turn the page upside down, so that the word “north” is now nearest to you. Rotate the page a quarter-turn either left or right, as required, for east and west. (Remember, when finding directions, that the sun rises in the east, sets in the west, and is in the south at lunchtime.)


The tilt of the constellation and star names will also help aim the chart in the right direction. By rotating the book around until a name appears horizontal, the chart will be oriented correctly for that star or constellation.


You’ll need a flashlight to read the charts outdoors at night. While any flashlight will do the job, the beam must first be covered with red transparent material. An unfiltered (white) light, even a dim one, can become blindingly bright if you have been in the dark for a while. Just think of the last time you woke up and decided to raid the refrigerator for a midnight snack. It probably took a minute or more to get used to the increased brightness before you could see without squinting. Then, once the light was shut off, it took another minute or more for your eyes to become accustomed to the darkness again.


This process is called dark adaptation. The human eye can take up to half an hour or more to become fully dark adapted, which is why stargazers carefully guard their night vision. Experience shows that a red light affects night vision less than a white light. That’s why astronomers prefer red flashlights to white lights. To make an astronomer’s flashlight, cover the flashlight beam with a piece of red transparent material such as cellophane, available from most stationery, party-goods, and art-supply stores. Another good source of red filter material is automobile taillight repair tape, sold by most auto parts stores. Even a cutup red balloon placed over the end of a small penlight will work well.


If you choose red cellophane, cut a square about an inch larger than the front diameter of the flashlight. Wrap the cellophane evenly around the front of the flashlight and secure it in place with a rubber band. If you decide to use the auto lens repair tape, disassemble the flashlight and cut a piece of tape the same size as its clear plastic window. Stick the tape to the window, trimming it as required, and reassemble the flashlight. Voila—an astronomer’s flashlight!


The night sky awaits your visit. If it is going to be clear tonight, why not plan an observing session to become acquainted with the stars? The following five activities detail the brighter stars and constellations (or star patterns) visible throughout the year. Take a look at each, then select the appropriate activity for the current season. After darkness falls, begin your exploration of the sky. You will find, as we have, that we live in an amazing and wondrous universe.


If you plan to show the stars and constellations to groups of people, it can be difficult to point out the objects simply by saying “look over there” In this case, we recommend using a bright, unfiltered spotlight-style flashlight. If the light is bright enough, the beam will act like a pointer. Aim the light into the sky toward the star or constellation under discussion and tell the others to follow the beam. Just be careful not to aim the unfiltered light at anyone’s eyes or at your star map, or—POOF—no more night vision!
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	Locating the Constellations and Bright Stars of the Circumpolar Sky










Level: All


Objectives:




■ To find the north circumpolar constellations


■ To learn the associated myths and legends





Materials:




■ A clear sky anytime of the year


■ A red-filtered flashlight (see Activity 2)


■ Circumpolar star map (Figure 3-2)





Anyone can easily see that the sun, moon, planets, and stars appear to rise in the east, arc slowly across the sky, and set in the west hours later. This apparent motion is caused not by the heavens themselves moving but by Earth rotating on its axis. As Earth revolves around the sun, our world’s night side faces different parts of the cosmos. The result is that different stars are visible both at different times of the night and at different times of the year.
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FIGURE 3-1. The Little Dipper seen (a) from the North Pole (latitude 90° north) and (b) from latitude 45° north.


Yet not all stars rise in the east and set in the west; in fact, some constellations never set at all. If we were located at either of Earth’s poles (as in Figure 3-1a), the stars would never rise nor set; instead they would move parallel to the horizon. As we travel away from Earth’s poles toward the equator, the sky slowly “tilts over.” Residents of the continental United States live roughly halfway between the north pole (90° north latitude) and the equator (0° latitude). From this vantage point, the sky appears angled at 45°, as in Figure 3-1b. As a result, stars that lie closer to the North Star, Polaris, will never set. Instead, their paths will curve below the North Star but remain above the northern horizon, then rise up again in the northeast. These stars, and their associated constellations, are referred to as circumpolar.
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FIGURE 3-2. The five most prominent circumpolar constellations: Ursa Major, Ursa Minor, Cassiopeia, Cepheus, and Draco. The season when each is most readily visible is found along the adjacent edge of the chart.


Only five prominent constellations, depicted in Figure 3-2, populate the north circumpolar sky. (Southern hemisphere astronomers have their own south circumpolar counterparts, but none is visible from midnorthern latitudes.)


Although they remain visible all year, different circumpolar constellations are seen better during certain seasons than others. For instance, spring is the best time to see the best- known circumpolar figure of all, the Big Dipper. Known by every Boy Scout and Girl Scout, the Dipper is formed by seven bright stars: Megrez, Dubhe, Merak, and Phecda mark its cup; Alioth, Mizar, and Alkaid denote its crooked handle. Together they are found in the northeast on cold winter nights, overhead on spring evenings, in the northwest during summer, and scraping the northern horizon in the autumn.


The Big Dipper by itself is not an official constellation but part of a much larger star picture named Ursa Major. The name “Ursa Major” means “Great Bear.” Can you imagine a monstrous bear in this part of the sky? Perhaps, with a little imagination. The bowl of the Dipper forms the bear’s back and belly. From the star Dubhe, faint stars extending away from the bowl make up the bear’s neck and head, while curving below (to the south) are five stars forming one of its front paws. Extending below (to the south of) the bowl star Phecda are other faint stars that represent its hind legs. In this picture, the three stars in the Dipper’s handle usually create the bear’s tail.


Many different and completely unrelated ancient cultures coincidentally pictured this group of stars as a bear, creating legends that told of its ferociousness. Perhaps the most interesting comes to us from the Iroquois Indians, who tell the story of how every spring a bear leaves its den to wreak havoc on their tribe. The Indian chiefs decided to send their three mightiest warriors out after the bear. (In this story the stars in the Dipper’s handle represent the warriors rather than the bear’s tail.) The warriors chase the bear across the sky throughout the summer. Finally, in the autumn, as the bear tires, one of the Indians wounds it with an arrow. Blood drips from the wound and colors the leaves of the forest in shades of red, orange, and yellow. But the wound is not fatal—and both the bear and the relentless hunters return to the sky every spring.


Take a careful look at Mizar, the middle star in the Dipper’s handle. With keen eyesight, you might be able to make out a second, fainter star just above it. As shown on the map, this companion star is named Alcor. Together Alcor and Mizar form what astronomers call a double star, two stars situated very close to each other. Estimates show that as many as half to two-thirds of the stars seen are double stars. Most of these twosomes are true stellar pairings, called visual double stars, with each star gravitationally bound to the other. Some, however, are only chance alignments seen from our vantage point and are called optical doubles. Alcor and Mizar constitute perhaps the most famous example of an optical double star. Although they appear very close together, Alcor and Mizar are nowhere near each other in space. (Interestingly, Mizar is a visual double star as well, with a faint companion visible in most small telescopes. More about this in Activity 40.)


With the Big Dipper such a conspicuous and easily recognizable set of stars, it can be used to help point us toward other, less apparent stars and patterns in the sky. For instance, take a look at the stars Merak and Dubhe in the bowl. These two stars are nicknamed the pointer stars because if you draw a line from Merak to Dubhe and extend it above the Dipper, the line points right at the North Star. Many people are under the mistaken impression that the North Star, properly known as Polaris, is the brightest star in the night sky. Not so. In fact, the North Star is the forty-ninth brightest star in the sky, just an average-looking star set among countless others. What makes the North Star special is that Earth’s north polar axis is aimed almost directly at it. As a result, Polaris appears fixed in the night sky, while all other stars appear to rotate around it.


Polaris is at the end of the handle of the Little Dipper. Just as the Big Dipper is part of larger Ursa Major, so too is the Little Dipper part of the Small Bear, Ursa Minor. Be it a bear or a dipper, try to find all seven stars that are shown on the map. They are faint and will require dark skies and good eyes to be seen. Suburban amateur astronomers frequently use the visibility of all seven stars to gauge the clarity of the night sky. If the entire Little Dipper can be seen, the sky is exceptionally free of haze and extraneous lights.


On the opposite side of Polaris from Ursa Major lies another prominent circumpolar constellation that is most easily seen in the autumn. Cassiopeia the Queen is formed by five stars set in a stretched W pattern. Accompanying Queen Cassiopeia is her husband, Cepheus the King. The stars of Cepheus, all much more difficult to pick out than those of Cassiopeia’s W, frame what looks like a simple drawing of a house, with the peak of the roof pointing roughly toward Polaris.


Polaris has not always marked the so-called north celestial pole. Due to a 26,000-year wobble of Earth’s axis, the north celestial pole appears to trace a circle in the sky. Right now, the pole happens to align almost perfectly with Polaris. More than 4,500 years ago, when the ancient Egyptians built the pyramids, the pole aligned closely with the star Thuban in the neighboring constellation Draco. In 14,000 years, the pole will be aimed toward Vega in the summer constellation Lyra. Twenty-six-thousand years from now, Earth’s north pole will again be aimed toward Polaris.


According to legend, Cepheus and Cassiopeia ruled over ancient Ethiopia. Cassiopeia was well known for two things: her great beauty and her unabashed boastfulness. It was this unrelenting bragging that later caused Cassiopeia and Cepheus great trouble, but this is a story for the autumn sky in Activity 6, when other characters will also be visible among the stars.


Winding its way from Cepheus to the pointer stars of the Big Dipper is Draco the Dragon. Draco was one of the first constellations to be created among the stars and one of the few that actually looks like what it represents. Four faint stars create the dragon’s head, while its long, thin body extends toward Cepheus, coils around Ursa Minor, and slithers between the bears. Though visible all year, Draco is most easily seen in the summer. Near the end of the body of Draco is Thuban, the polestar at the time of the Egyptian pharoahs. Can you find Thuban in the real sky? Notice how far away it is from our polestar, Polaris.


The circumpolar stars and constellations are visible throughout the year on every clear night, making them ideal for new stargazers to observe and learn.
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	Locating the Constellations and Bright Stars of Spring










Level: All


Objectives:




■ To find the prominent constellations visible in the spring


■ To learn the associated myths and legends





Materials:




■ A clear springtime night sky


■ A red-filtered flashlight (see Activity 2)


■ A seasonal star map (Figure 4-1)





Spring is an exciting season both on the ground and in the sky. Here on Earth, the cold, barren days of winter are coming to an end. Life returns to the land as the season’s warmth bathes newly blossomed trees and flowers. Overhead, our view of the night sky reveals several bright stars and many more fainter points of light.


Passing near the zenith are the seven stars that form the Big Dipper, part of the constellation Ursa Major (see Activity 3). Just as the stars of the Big Dipper were used in Activity 3 to find the North Star, Polaris, so too may they be used to locate some springtime stars and constellations. For instance, return to the Dipper’s bowl. Use the bowl stars Megrez and Phecda to find a lion in the sky. Extend a line from Megrez to Phecda southward to a bright star. That star is Regulus, the brightest star in Leo the Lion. According to legend, Regulus marks the lion’s heart. Above Regulus are five stars that combine to form the lion’s head, although today they remind us more of a sickle or a backward question mark. The body of Leo stretches out to the left (east), with the animal’s hindquarters and tail represented by a triangle of three stars. The name of the triangle’s easternmost star, Denebola, comes from the Arabic Al Dhanab Al Asad, “the lion’s tail.”
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	Time Schedule







	Early April: 12:00 Midnight


	Early May: 10:00 P.M.


	Early June: 8:00 P.M.







	Late April: 11:00 P.M.


	Late May: 9:00 P.M.


	Late June: 7:00 P.M.







	All times are standard. Add one hour for daylight saving time.










FIGURE 4-1. Spring star chart. (Courtesy of Vanderbilt Planetarium)


Continue the line from the Dipper through Regulus and farther toward the southern horizon. There lies another bright star, Alphard, and its constellation, Hydra. Hydra was a horrific, many-headed serpent that inhabited the swamps of Lerna, Greece. After many failed attempts, the mighty warrior Hercules slayed Hydra, but only after he killed each head individually The sky’s Hydra has but one head, formed by a small trapezoid of faint stars to Alphard’s northwest. Hydra’s long but very faint body winds its way along the southern horizon. From head to tail, Hydra stretches a full third of the way around the sky, making it the longest constellation of all.


Return to Regulus momentarily, then look toward the northwestern horizon for a pair of bright stars. Those are Castor (on the right, or north) and Pollux (on the left, or south), twin stars in the constellation Gemini. (Gemini is a winter constellation; see Activity 7.)


Draw a line between Regulus and Pollux, pausing about halfway along. From darker suburban and rural observing sites, you just might be able to pick out the five faint stars that form the inconspicuous constellation Cancer the Crab, a crab sent by Hera to hinder Hercules in his battle with Hydra. If you have a keen eye, you might also notice a faint smudge centered in the body of the crab. Astronomers call this the Praesepe cluster. Though it doesn’t look like much to the eye alone, that smudge is of great interest to observers with binoculars and telescopes. But why spoil the surprise? We will return to this spot in Activity 41.


Cancer, like Leo above, is one of the twelve constellations of the zodiac, or ecliptic. The ecliptic is an invisible line that circles the sky, marking the plane of our solar system. The sun, moon, and all of the planets (save for tiny Pluto) are always found somewhere close to the ecliptic. Any constellation through which the ecliptic passes belongs to the zodiac.


Turn back to the Big Dipper. Draw an imaginary line through the three stars that form its handle and continue the arc counterclockwise until you arrive at brilliant Arcturus. Arcturus, an orange-colored star, is the brightest star of the spring sky.


Arcturus resides in the constellation Boötes the Herdsman. Though our modern-day minds may have a hard time imagining a human form among the stars of Bootes, most people can picture a kite or even an ice cream cone. If you look carefully, you just might be able to spot an extra scoop of ice cream formed by a semicircle of stars to the east.


That so-called “scoop” is actually another constellation, Corona Borealis, the Northern Crown. In mythology, this jeweled crown belonged to Princess Ariadne, daughter of King Minos of Crete. When Ariadne died, her crown was placed in the sky as a memorial.


On the opposite (western) side of the herdsman, set between Boòtes and Leo, is a faint mist of stars. This is the constellation Coma Berenices, the golden hair of the Egyptian Queen Berenice, wife of Ptolemy III. One day, as her husband rode off to do particularly fierce battle, Berenice vowed to the goddess Aphrodite that she would sacrifice her beautiful hair if her husband was permitted to return to her safely. After he did, Berenice kept her promise by cutting off her hair and presenting it to the gods. But the hair mysteriously disappeared overnight. Thinking quickly to avoid alarming the royal couple, Conon, the court astronomer, pointed to the night sky, toward our constellation of Coma Berenices. He told the king and queen that the misty appearance of that part of the sky was actually Berenice’s hair and that Aphrodite had placed it among the stars for all the world to see.


Back to the Dipper we go. Retrace the arc to Arcturus, then continue to speed on to Spica. Take a careful look at the colors of both Spica and Arcturus and note their difference. A star’s color depends on its temperature. Spica’s blue-white tint tells astronomers that it is much hotter than orange Arcturus.


Spica belongs to the zodiacal constellation Virgo the Maiden. Virgo was recognized by many ancient cultures as either a goddess or royalty. Ancient Egypt associated her with Isis, goddess of the heavens; the Chaldeans revered her as the Queen of the Stars; in India, she was known as Kawni, mother of the god Krishna. Most often, however, she is portrayed as the Roman goddess Persephone, goddess of the harvest, with Spica marking an ear of wheat held in her left hand.


Arcturus holds a unique footnote in twentieth-century history. During the opening ceremonies of the 1933 “Century of Progress” world’s fair in Chicago, light from Arcturus was used to trigger photoelectric cells, switching floodlights on to signal the start of the exposition. Arcturus was chosen because, at the time, it was believed to be forty light years from Earth (a little farther than the currently accepted value of thirty-seven light years). At that distance, the starlight reaching Earth in 1933 left Arcturus in 1893, the same year a similar exposition was held in Chicago.


Once again, return to the Big Dipper’s handle. Follow the arc to Arcturus, speed to Spica, then continue to curve toward Corvus the Crow. Though its stars are faint, Corvus is surprisingly easy to spot low in the southern sky, riding on the back of Hydra. To see a crow here, however, do not think of a trapezoidal pattern as shown on the star map. Rather, imagine a cross tilted on one side. The crow’s body extends between the upper right (northwest) and lower left (southeast) stars. Its outstretched wings spread from the upper left (northeast) to the lower right (southwest) stars.


The late-spring constellation Libra the Balance Scale (sometimes also called the “scales of justice”) is formed from another inconspicuous trapezoid of stars. Look between Spica and the southeastern horizon. Like Cancer, Leo, and Virgo, Libra is a member of the zodiac. And though it is one of the most difficult zodiacal star patterns to spot, Libra carries the distinction of being the only inanimate member of this select group of twelve constellations.


Long ago, Libra was not a separate constellation. Instead, its stars formed the claws of summertimes Scorpius the Scorpion. In fact, the names of Libra’s two brightest stars, Zubenelgenubi and Zubeneschamali, translate as the “southern claw” and “northern claw.”


With the spring come warmer nights that are ideal for stargazing. Take advantage of these more moderate temperatures to meet some unique personalities.
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	Locating the Constellations and Bright Stars of Summer










Level: All


Objectives:




■ To find the prominent constellations visible in the summer


■ To learn the associated myths and legends





Materials:




■ A clear summer night sky


■ A red-filtered flashlight (see Activity 2)


■ A seasonal star map (Figure 5-1)


■ A blueberry pie (optional)





Our summer sky is dominated by three brilliant stars—Vega, Deneb, and Altair—set in a large triangle. This is the Summer Triangle; not an “official” constellation, just an interesting pattern among the stars. Each of the three stars in the Summer Triangle belongs to a separate constellation.


Brightest of the Triangle’s stars is Vega, found in the middle of the summer star map and high overhead during July, August, and September. Vega, a brilliant blue-white star glistening like a diamond, belongs to the constellation Lyra the Lyre. This is the mythical musical instrument of Orpheus, son of the sun god Apollo. Apollo taught Orpheus to play the instrument so beautifully that even savage beasts were soothed into submission. After Orpheus died, his lyre continued to play lyrical music and so was placed in the sky by the gods for all to see. (Our word “lyrical” comes from the name Lyra.) In most depictions, Vega represents part of the lyre’s handle, while four faint stars depict the instrument’s main body.


[image: chpt1_fig_006]


















	Time Schedule







	Early July: 12:00 Midnight


	Early August: 10:00 P.M


	Early September: 8:00 P.M







	Late July: 11:00 P.M.


	Late August: 9:00 P.M.


	Late September: 7:00 P.M.







	All times are standard. Add one hour for daylight saving time.










FIGURE 5-1. Summer star chart. (Courtesy of Vanderbilt Planetarium)


Leave the Summer Triangle temporarily by drawing an imaginary line from Vega to the springtime star Arcturus, still seen in the northwest. About a third of the way along that line are the faint stars of Hercules the Giant. All are visible only from darker suburban or rural skies. Four stars nicknamed the Keystone create his torso. Two curved lines of stars extending southward (below) form his arms, while two other star-curves stretch out to the Keystone’s north to form his legs. That’s right, the celestial Hercules is standing upside down, apparently on the head of Draco the Dragon.


Positioned along the western border of the Keystone is an exceedingly faint but interesting object that astronomers call the M13 cluster. Under the best sky conditions, M13 can be just made out with the naked eye as a tiny smudge. Just what is M13 and what makes it so interesting? We will return here to answer these questions in Activity 41.


Return to the Summer Triangle and locate the star Altair, its southernmost star. Altair lies within Aquila the Eagle, marking the beak of the bird, while fainter stars denote its outstretched wings and tail feathers. As the map implies, it might be easier to see a pterodactyl here than to imagine an eagle!


The third star in the Triangle is Deneb, in Cygnus the Swan. In this case the shape of a swan captured in midflight is quite easy to imagine. Deneb represents its tail. The swan’s body and long neck extend to the star Albireo (itself a fascinating sight in telescopes; see Activity 40). Wings stretch outward from either side of the star Sadr in the swan’s body. Many people also refer to this pattern as the Northern Cross for its likeness to a crucifix.


If you are viewing from darker suburban or rural skies, look for a hazy band of light passing through the Summer Triangle and stretching from the northeast to the south. This is the Milky Way. No, not a candy bar, the Milky Way is our galaxy—a pinwheel-shaped system of perhaps 400 billion stars, of which the sun is just one. Actually, all of the stars seen in the sky belong to the Milky Way. It is just that when we look along the edge of our galaxy, we are seeing many times the number of stars than when we look above or below it.


To help visualize this, think of the Milky Way galaxy as a blueberry pie. Imagine that each individual blueberry in the pie is a star and that Earth is orbiting one of those stars about two- thirds of the way out from the center. Clearly, we will see many more blueberries when we look either along the edge or toward the center of the pie than when we look up or down at it.


Follow the Milky Way down toward the southern horizon and the constellation Sagittarius the Archer. Sagittarius is pictured as a centaur; that is, a mythical creature with the upper body of a man and the lower body of a horse. Most artists draw Sagittarius facing toward the right (west), his bow and arrow aimed toward the heart of the Scorpion, Scorpius. Perhaps Sagittarius misfired his first arrow, for we see the tiny constellation Sagitta the Arrow lying just above (north of) Altair. Sagittarius may have represented a centaur to our ancestors, but to skywatchers today its outline is more reminiscent of a stove-top kettle or teapot.


As we gaze toward Sagittarius, our sights are set on the center of our Milky Way galaxy. Given dark skies and a pair of binoculars, the entire region explodes in stardust—a magnificent sight to be revisited often.


To the right (west) of the Sagittarius teapot lies the bright star Antares, the heart of Scorpius the Scorpion. The orange-red color of Antares should be immediately obvious to most stargazers. Antares is known to be a red supergiant star, nearly 2,000 times larger than our sun though only about half as hot. The curve of the scorpion’s body extends toward the southern horizon and ends at the star Shaula, marking its poisonous stinger.


According to legend, Scorpius killed the mighty hunter Orion (seen in the winter sky) by stinging him on the foot. To punish the scorpion for this dastardly deed, it was banished to the sky forever and placed directly opposite Orion so that it could never do him harm again.


Both Sagittarius and Scorpius are found along the ecliptic, the path in the sky followed by the sun, moon, and planets. In fact, this is probably how Antares got its name. “Ant-ares” literally translates from Arabic as “rival of Mars,” a rivalry probably caused by the star’s amazing resemblance to the red planet when seen with the naked eye.


Though there are twelve constellations assigned to the ecliptic (or zodiac), the sun will actually travel through thirteen each year. That forgotten constellation of the zodiac is Ophiuchus the Serpent Bearer. Ophiuchus fills most of the large void between Antares and Vega. Our ancestors drew a picture of the ancient world’s greatest physician among these faint stars. Legend tells of how Ophiuchus (also known as Aesculapius, the son of Apollo) became such an amazing healer that Pluto, god of the underworld, complained about his lack of new clientele! Finally, to appease Pluto, Jupiter killed Ophiuchus and placed him among the stars as a lasting memorial.


Ophiuchus is shown holding a serpent named Serpens. Serpents and snakes have long been associated with healing for their periodic shedding of their skin, looked upon by our ancestors as a rebirth. This association of snakes and healing is still evident today on the symbol of the American Medical Association. Serpens is divided into two parts. Its head, shown on the map as Serpens Caput, extends to the right (west) of Ophiuchus, while its tail, Serpens Cauda, lies to the left, or east.


The next constellation encountered east of Sagittarius is Capricornus the Sea Goat. You have never heard of a sea goat? A sea goat is a creature with the head and front legs of a goat and the tail of a fish. It’s odd that nowhere in classical mythology is such a bizarre animal mentioned. It has been suggested by some that Capricornus actually represents the mythical prankster Pan. Pan had the head and legs of a goat but the body of a man. The faint stars of the sea-goat form a large triangle seen in summer’s southeastern sky.


Just above (north of) the sea goat and to the left (east) of Altair lies the tiny but distinctive constellation of Delphinus the Dolphin. Delphinus is formed by a diamond of four stars composing the dolphin’s body and a fifth star below (south) marking its tail. Not all cultures saw a dolphin among these stars. The ancient Chinese, for instance, saw a camel, with the diamond representing the camel’s hump. Be it a dolphin or a camel, none of the stars in Delphinus is very bright. Still, its kitelike pattern stands out quite well against the barren surroundings.


Though the sun sets late on summer nights, this season’s sky holds many treasures awaiting your watchful eye. Summer nights are made for stargazing.
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	Locating the Constellations and Bright Stars of Autumn










Level: All


Objectives:




■ To find the prominent constellations visible in the autumn


■ To learn the associated myths and legends





Materials:




■ A clear autumn night sky


■ A red-filtered flashlight (see Activity 2)


■ A seasonal star map (Figure 6-1)





[image: chpt1_fig_007]


















	Time Schedule







	Early October: 12:00 Midnight


	Early November: 10:00 P.M.


	Early December: 8:00 P.M.







	Late October: 11:00 P.M.


	Late November: 9:00 P.M.


	Late December: 7:00 P.M.







	All times are standard. Add one hour for daylight saving time.










FIGURE 6-1. Autumn star chart. (Courtesy of Vanderbilt Planetarium)


Both Earth and sky are in states of transition during the autumn months. As the country-side is painted in colors of red, orange, and yellow (no doubt the result of the wounding of Ursa Major, the Great Bear, by its pursuing Indians; see Activity 3), the night sky slowly turns away from the brilliant stars of summer to an area of fewer dazzling celestial jewels. Yet the autumn sky is a fascinating vista for stargazers, as you are about to see.


Just as the summer sky was dominated by a large triangular pattern, the autumn sky is accented by another geometric shape—a square. Flying high in the southern sky are the four stars of the Great Square of Pegasus the Flying Horse. Trying to picture a horse (let alone one that flies) among the stars of Pegasus is a difficult task for our imaginations. Perhaps you can see him flying upside down, with the square representing the body. The horse’s neck and head curve from Markab to Enif, its front legs extend above the square, but the tail end of the horse is nowhere to be found.


Since autumn is traditionally associated with baseball and the World Series, it might be easier to see a baseball diamond among the stars of Pegasus. Take Scheat as home plate, Alpheratz as first base, Algenib as second, and Markab as third. A faint star in between second and third (not shown on the map) might be the shortstop, while another faint, unplotted star in the center of the square represents the pitcher’s mound. Can you find these in the night sky? A pair of dim points of light just southwest of Scheat might even be one of the managers arguing with the umpire. And just look at all the fans scattered across the sky!


Technically, the star Alpheratz does not belong to Pegasus but to the neighboring constellation Andromeda the Princess. Andromeda is formed by two lines of stars framing her body. Here we also find the most distant object visible to the unaided eye, the Andromeda Galaxy (M31 Galaxy on the map). We will revisit the Andromeda Galaxy in Activity 43.


Andromeda is a member of the Royal Family of Autumn that also includes King Cepheus and Queen Cassiopeia (see Activity 3). According to Greek legend, Cassiopeia was very attractive and very vain. She never tired of bragging about her great beauty. One day she boasted of being fairer than the sea nymphs, who were well known for their exquisite beauty. The nymphs overheard this boasting and complained to their father, Poseidon, king of the seas. Poseidon became so infuriated that he created a flood and Cetus the Sea Monster.


Cetus was sent to devour the citizens of Ethiopia, the land ruled by Cepheus and Cassiopeia. King Cepheus was told that his people could be saved only if he were to sacrifice his daughter Andromeda to the sea monster. He had no alternative but to lead his daughter to the water’s edge and chain her to a rock, left to the mercy of Cetus. But she was to gain a rescuer in the person of Perseus.


Perseus, the son of Zeus, had been ordered to kill a gorgon called Medusa, a very ugly creature whose hair was made of snakes. She was so ugly that anyone who looked at her face would turn to stone. To keep Perseus from that fate, he was given a highly polished shield and told not to look directly at Medusa but only at her reflection. He was also given a helmet that made him invisible and a pair of winged sandals that allowed him to fly With these, Perseus was able to sneak up on Medusa, decapitate the horrible creature, and put her head in a leather bag. Some of Medusa’s blood fell into the water to create Pegasus the Flying Horse. Perseus climbed on the back of Pegasus and flew away.


Meanwhile, back at the seashore, things were looking pretty grim for Andromeda. Perseus heard her cries for help and swooped down to rescue her. Telling Andromeda to close her eyes, he pulled Medusa’s head from the bag and dangled it in front of Cetus, who instantly changed to stone. Perseus and Andromeda fell in love. They climbed on the back of Pegasus and flew off into the sunset.


In our autumn sky, Perseus can be found towering protectively over Andromeda. His stars form what looks to some like a badly bent boat anchor. From these, our ancestors imagined a battle-clad warrior holding a sword in one hand and the awful head of Medusa in the other. An interesting star in this head is Algol, which means “demon.” This star, marking the winking eye of Medusa, varies in brightness every three days. These variations can be easily observed with the naked eye. Another interesting sight visible to a keen eye on a clear night is the Double Cluster of stars near the pointed top of Perseus’s helmet. The Double Cluster will be revisited in Activity 41.


Cetus the Sea Monster (sometimes referred to as a whale) also belongs to the autumn sky. Found looming below the Great Square, the many faint stars of Cetus make the sea monster a difficult fish to catch from urban and suburban skies. Its brightest star, Diphda, rides so low in the sky that it may be blocked from view by trees or other obstructions. Even more interesting is the star Mira, which means “wonderful.” At times Mira will shine about as brightly as Polaris, while at others it will be nowhere to be found. It takes Mira more than a year to complete one full cycle from bright to dim and back to bright again. Mira and Algol are two examples of what astronomers call variable stars—stars that change in brightness.


Skimming autumn’s southern horizon is Fomalhaut, brightest star in the otherwise- obscure constellation of Piscis Austrinus, the Southern Fish. Above Fomalhaut are many dim stars that our ancestors assigned to Aquarius the Water Bearer. Here we find the figure of a man carrying a large jar on his back. In most depictions he is shown flooding the sky, with the water flowing through Capricornus, Piscis Austrinus, Cetus, and Pisces.


Like Aquarius, Pisces the Fishes is a zodiacal constellation. Except for that distinction, little attention would be paid to Pisces because its stars are so faint. The constellation is usually drawn as two fishes (one represented by the circlet of stars shown on the map) joined at the tails by a long rope. Sounds fishy!


East of Pisces along the ecliptic lies the small constellation of Aries the Ram. It contains only one bright star, Hamal, which combines with two fainter suns to form the head of the animal. Aries was the legendary Ram of the Golden Fleece.


When the ram died, its valuable golden fleece was placed in a sacred grove guarded by a ferocious dragon. Wanting to return the valuable golden fleece to its home country of Thessaly, Jason, heir to the country’s throne, set out to find it. To help him in his quest, Jason gathered some of the mightiest warriors the world ever knew, among them Hercules, Orpheus, Castor, and Pollux. The ship they sailed on was named Argo, and its crew became immortalized as the Argonauts. Together Jason and the Argonauts fell into some high adventures but never found the fleece.


Though we do not find Jason in the stars, many of the Argonauts as well as portions of their ship are scattered across all four seasonal skies. In the autumn we might still be able to make out Hercules as it sets in the west. Orpheus’s lyre, Lyra, is also getting progressively lower in the west. Both are constellations of summer. Rising in the east are the twin brothers Castor and Pollux, the Gemini twins. Their tale will be found in Activity 7.


Autumn is a season of change, both here on Earth as well as up in the sky. Enjoy the relatively warm nights now, for the cold of winter is just around the corner.
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	Locating the Constellations and Bright Stars of Winter










Level: All


Objectives:




■ To find the prominent constellations visible in the winter


■ To learn the associated myths and legends





Materials:




■ A clear winter night sky


■ A red-filtered flashlight (see Activity 2)


■ A seasonal star map (Figure 7-1)





[image: chpt1_fig_008]


















	Time Schedule







	Early January: 12:00 Midnight


	Early February: 10:00 P.M.


	Early March: 8:00 P.M.







	Late January: 11:00 P.M.


	Late February: 9:00 P.M.


	Late March: 7:00 P.M.







	All times are standard.










FIGURE 7-1. Winter star chart. (Courtesy of Vanderbilt Planetarium)


Ahh, the winter! For many stargazers, this is their favorite season. With the cleansing breath of a frigid arctic high-pressure weather front, the smog and haze that mask the heavens give way to crystalline nights. On those special nights, the stars seem to hang so close you can almost touch them! The sky of winter is glittering with a king’s ransom of stellar jewels. Though it is sometimes difficult to face the cold temperatures of a winter’s night, the sky, more spectacular than in any other season, makes it all worthwhile.


[image: chpt1_fig_009]


FIGURE 7-2. The prominent winter constellation Orion the Hunter.


Orion is the best constellation for demonstrating that stars come in different colors and that these colors depend on the stars’ temperatures. Most people are aware that flames of different temperatures glow in different colors. A yellow candle flame, for instance, is cooler than the blue flame of a gas stove. The same is true of stars. The sun is a yellow star and has a surface temperature of about 11,000°F. Compare that to blue-white Rigel, in Orion. Rigel is one of the hottest stars known, with a surface temperature about 23,000ºF! At the other end of the scale is red Betelgeuse, also in Orion. Its surface temperature is only about 5,000°F.


Standing center stage is Orion the Hunter, the most brilliant constellation of all (Figure 7-2). Look for three equally bright stars in a row, forming his belt. To the north lies the bright reddish star Betelgeuse, the right shoulder of the hunter (seen on our left). His left shoulder (on our right) is represented by the star Bellatrix. Above the shoulders is a faint group of three stars depicting Orion’s tiny head. Below the belt are the stars Rigel, representing Orion’s left knee, and Saiph, marking his right knee. He is shown holding a shield of faint stars in his left hand and a club raised high over his head in his right.


Hanging from Orion’s belt are the dim stars of his sword. The middle star in the sword is not actually a star but a cloud of glowing hydrogen gas called a nebula. Astronomers have catalogued this nebula as M42, but most backyard stargazers know it better as the Great Orion Nebula (see Activity 42.)


According to legend, Orion was the mightiest hunter of all time. One day he boasted of being able to defeat any animal on earth. His constant bragging was overheard by Mother Earth who, fearing that he would destroy every creature, sent a scorpion to sting Orion on the heel and kill him. Diana, goddess of the hunt, honored the slain Orion by placing him among the stars. (The scorpion, Scorpius, was also placed in the sky. It may be found under heavy guard in the summer sky, directly opposite Orion so that it can never harm him again.)


Even in the sky, we find Orion doing battle again, this time with Taurus the Bull. To locate Taurus, draw a line through Orion’s belt and extend it to the upper right (northwest). You will come to the bright orange star Aldebaran, marking the bull’s eye. The head of Taurus is formed by a V-shaped group of stars nicknamed the Hyades. Imaginary lines extend to two stars above its head to create Taurus’s long horns.


Though you cannot suspect it just by looking with your eyes, Betelgeuse is one of the largest stars ever discovered. Classified as a red supergiant star, Betelgeuse measures about 640 million miles in diameter, more than 700 times larger than the sun. If Betelgeuse were at the center of our solar system, its outer edge would extend beyond the orbit of Mars. (Mars, the next planet after Earth, is 141 million miles from the sun. Earth, at 93 million miles out, would be inside the star!)


The story goes that Orion is trying to club the bull over the head in order to save seven sisters who were kidnapped by Taurus. We can still see the sisters trapped in the sky, formed by the tiny cluster of stars known as the Pleiades. Most people can spot six or seven stars in this region, though on an extremely clear night, some can see up to fifteen. A telescope or binoculars will reveal that nearly one hundred stars form the Pleiades cluster (see Activity 41).


Returning to the belt of Orion, continue the line down toward the southern horizon and Sirius, brightest star of the nighttime sky. Sirius is also known as the Dog Star, as it belongs to the constellation Canis Major, the Large Dog. Can you see a dog among its stars? Take Sirius as a jewel on the dog’s collar. The star Mirzam marks a front paw, Adhara a hind paw, and Aludra the tip of the hound’s tail.


Canis Major is but one of Orion’s two faithful companions. His small dog, Canis Minor, can be found to the northeast. Canis Minor is made up of only two easily visible stars, the brighter called Procyon. Most people cannot actually see a dog here—other than perhaps a hot dog.


Watching Orion and Taurus battle are the twin brothers Gemini. Their heads are marked by the bright stars Castor and Pollux, with their stick-figurelike bodies extending westward. Castor was a famous horse trainer and soldier, while Pollux is remembered as Sparta’s leading boxer. Ancient legend tells of the heroism of Castor and Pollux. For instance, they were members of the Argonauts, the legendary crew of the ship Argo. Led by Jason, the Argonauts searched for the golden fleece, encountering adventure at every turn.


The twins appear to be standing on the hazy band of our Milky Way galaxy. Not as bright as the summer portion, the winter Milky Way nonetheless contains many fascinating sights when searched with binoculars or a telescope.


Following the Milky Way northward, we find the constellation Auriga the Charioteer. The bright star Capella marks his left shoulder; dimmer Menkalinan represents his head. While Auriga is commonly referred to as a charioteer, he is frequently drawn as a shepherd holding three young goats. The major stars in Auriga form sort of a celestial home plate or pentagon.


By connecting the stars Capella, Castor, Pollux, Procyon, Sirius, Rigel, and Aldebaran by a curved line, a giant circle is formed. This is the Winter Circle of Stars, dominating the evening sky from December through March.


Some lesser-known constellations also populate the winter sky. For instance, directly below Orion is the faint but easy-to-spot constellation Lepus the Hare. The body of the hare is formed from a trapezoid of four stars, with the star Arneb marking its nose. Two stars form a northward-curving arc with Arneb to create the animal’s long ears, while two other stars to the west of the trapezoid might be the ends of a carrot dangling in front of Lepus.


Even more difficult to spot is Eridanus the River. Composed mostly of faint stars, Eridanus winds its way slowly toward and below the southern horizon. At the “mouth” of this celestial river lies Achernar, one of the brightest stars in the night sky. Unfortunately its position in the far southern sky prevents it from being seen from all but the extreme southern tier of the United States.


Though the cold temperatures outside are challenging, the warm and wonderful stars and constellations make it worth bundling up to visit with the winter night sky.
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	Which Stars Can I See Tonight?










Building Your Own Planisphere


Level: Intermediate and advanced


Objective:




■ To make a device that shows what stars are visible at any time of the night and any night of the year





Materials:




■ Full-size photocopies of Figures 8-1 and 8-2


■ Scissors


■ Clear plastic report cover (discard the plastic spine)


■ A piece of thin cardboard about 8 inches square


■ A piece of corrugated cardboard about 10 inches square


■ Rubber cement


■ Cellophane tape


■ Paper fastener


■ A Magic Marker or pencil





BACKGROUND


How did you do using the star charts in the previous activities? All were drawn to be used during their respective seasons, but their usefulness is somewhat restricted by the time of night. Each chart showed the sky for a certain hour and time of month, as specified along their bottom edges. But what if you weren’t looking at the sky at those times? What if instead you wanted to look at the sky at, say, 11:00 P.M. on August 12? Or maybe 2:00 A.M. on December 13? What stars would you see then?


To answer those questions, many stargazers use “adjustable” star charts called planispheres. A planisphere may be used to match the exact month, day, and hour when you are looking at the sky. How does such a magical device work? Very simply!


Take a look at Figure 8-1. Called a star wheel, it shows the major stars and constellations across all four seasons. The North Star is marked by the boxed X at the center of the star wheel. You will probably recognize many of the constellation names from the previous activities. Encircling the outer edge of the wheel are the twelve months, each broken into three sections: early, mid, and late.


The second illustration, Figure 8-2, shows the horizon and the four compass points—north, south, east, and west. This is your “window” on the sky. By marrying these two drawings, you can make your own planisphere. (Note that even though the sky is perceived as circular, the sky window must appear oval for the planisphere to work properly.)


ACTIVITY


Begin assembly of your planisphere by making photocopies of Figures 8-1 and 8-2. Place the photocopy of the window (Figure 8-2) in the plastic report cover. Using a Magic Marker or pencil, mark the exact location of the window’s X on the front of the plastic folder. Remove the window photocopy and carefully punch a small hole through the X and through both sides of the report cover.


[image: chpt1_fig_010]


FIGURE 8-1. Star wheel.


Glue the window sheet (Figure 8-2) onto an oversize piece of cardboard using rubber cement. When the cement has set, cut out the inner shaded oval window from the paper. Be sure not to slice into the “horizon.” (For this step, you may prefer using a single-edge razor blade instead of scissors. If so, be very careful.) Discard the shaded area, but keep the background framing. Also cut around the edge of the window framing.


[image: chpt1_fig_011]


FIGURE 8-2. Sky “window.”


Next, glue the star wheel (Figure 8-1) onto an oversize piece of corrugated cardboard. When dry, cut around the edge of the star wheel. Finally, using a pencil, punch a small hole in the exact center of the wheel, piercing the center X.


Place the window framing back in the clear plastic report cover and trace its outer diameter onto the cover. Cut out a circle from the plastic cover one inch larger in diameter than the window framing. Tape the window to the front (and only the front) of the folder. Tape only around the edges. Slip the star wheel behind the window, lining up the hole in the wheel with that in the cover. Stick a paper fastener through the holes in the front and back of the report cover and the star wheel. Bend back the ears of the fastener to hold it in place. You’re done.


The only difference between using the planisphere and using one of the previous star maps is that it must be set for the right time and date. To do this, simply match up the time of month found along the edge of the star wheel with the hour found along the edge of the sky window. When properly set, the planisphere will show the stars visible at that time and date. In no time you’ll be hunting stars and constellations at all hours of the night.
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	Star Brightness I










How Bright Is That Star?


Level: Intermediate and advanced


Objective: To learn how astronomers rate the brightness of stars


Materials: A clear nighttime sky


BACKGROUND


It should be apparent even to the casual observer that all stars in the night sky do not shine with the same intensity. Some appear quite bright, others are barely discernible, while most are somewhere in between.
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