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            PREFACE

          

        

      

    

    
      Merlin’s Tour of the Universe is a collection of questions asked by the general public and answered by Merlin, a visitor from the Andromeda galaxy who is as old as Earth and who has observed all major scientific events of Earth history.

      Merlin wrote a question-and-answer column for StarDate, an astronomy magazine published for the lay reader by the McDonald Observatory of the University of Texas. Most of the material in Merlin’s Tour of the Universe first appeared in this column, with some names changed to protect privacy. Merlin’s style is occasionally terse, frequently informative, and always fun.

      I am delighted to offer Merlin’s Tour of the Universe, my very first book, in this long-awaited second edition. Many of the original questions and answers enjoyed a long shelf life. But clearly, where relevant and where necessary, Merlin’s replies and the occasional accompanying illustrations have been updated to reflect advances in the science.

      Merlin’s Tour is not intended to be an astronomy tutorial, but is guided entirely by questions asked from interested readers, ranging in age from four to ninety. I created the Merlin character for the enjoyment of my readers, and the answers are written with my life’s enthusiasm for this beautiful and grand home that is our universe.

      
        
        Neil deGrasse Tyson

        New York City

        August 2024

      

      

    

  


  
    
      
        
          
          

          
            INTRODUCTION

          

        

      

    

    
      Merlin was born nearly five billion years ago on the planet Omniscia—one of a five-planet system in orbit around the star Draziw, two and a half million light-years away in the Andromeda galaxy. Merlin’s birth coincided with the formation of the solar system in the Milky Way galaxy that contains planet Earth.
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      Most residents of Omniscia are excited by science, and all carry an endless thirst for knowledge. Merlin earned degrees in astrophysics, history, geophysics, chemistry, and philosophy at Omniscia’s planet-wide Universe-ity. Merlin was born in Omniscia at the same time the solar system was born to the Milky Way, sparking a lifelong interest in our galaxy. This led Merlin to take a keen interest in scientific thought as conceived by humans on planet Earth.

      Merlin noticed that humans were curious about the scientists’ understanding of the universe, but many did not know where or how to find accurate answers to their questions. Sharing knowledge and wisdom is as fundamental as acquiring knowledge and wisdom. Merlin chose to visit Earth and spread science to those humans who share, along with all Omniscians, that unquenchable cosmic thirst.
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            EARTH

          

        

      

    

    
      Unlike many other planets in the universe, Earth is a dynamic place.

      The Moon tidally induces our oceans to slosh upon the continental shelves. The continents themselves slide determinedly upon a mantle that is the source of magma that erupts from volcanoes. There are plants and animals and microorganisms that live and reproduce in the oceans, in Earth’s crust, on Earth’s surface, across temperatures that range from the frozen Arctic to hundred-degree desert days. All this activity unfolds under nearly six quadrillion tons of a turbulent atmosphere that spawns storms, drought, electrical discharges, and erosion.

      Curiously, this environment represents quite hospitable conditions when compared with other places such as Venus, Pluto, and, of course, the binary planet Anoxia in the Draziw system.

      The tilted Earth rotates and wobbles and bobs its way through space in orbit around the Sun with the Moon tightly tethered nearby.

      

      
        
        Dear Merlin,

      

      
        What would happen if Earth suddenly stopped rotating?

      

      
        
        Jonathan Swann

        San Diego, California

      

      

      

      Among other things, all of us and anything else not nailed to Earth’s surface would fall over and roll due east at about 800 miles per hour. The exact speed depends on your Earth latitude. Merlin’s friend Santa at the North Pole and South Pole penguins would barely notice. But for equator dwellers, we’re talking 1,000 miles per hour.

      Meanwhile, the Pacific Ocean washes up onto North and South America as the Atlantic Ocean washes up onto Europe and Africa.

      Once it all settled down, the Earth day would equal the Earth year. There would be no tornadoes, hurricanes, cyclones, or typhoons, each requiring the rotating Earth to exist at all. In a related story, if you’re kidnapped, you can no longer watch a toilet bowl flush to help you decide what hemisphere you’re in. (Not that that ever worked before—toilets have always flushed whichever way the water jets declare.)
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        Dear Merlin,

      

      
        If Earth were to explode tomorrow, what would happen to the orbits of the other planets?

      

      
        
        Patrick Kane

        Austin, Texas

      

      

      

      Merlin prefers to consider what would happen to Earth’s orbit if another planet were to explode tomorrow.

      Earth’s exact orbit is influenced by the Sun’s mass and the mass of all remaining planets, as well as their moment-to-moment distances from us. The Sun is a thousand times more massive than all planets combined and is relatively close to Earth. This loving arrangement will permit Earth’s orbit—in the face of any other planet’s Armageddon—to remain within 99.999 percent of its current path around the Sun.

      If instead the Sun were to explode tomorrow, all objects in orbit—planets, asteroids, comets, debris—would plunge into darkness, fly off at a tangent, and become forever lost in interstellar space.

      

      
        
        Dear Merlin,

      

      
        What is the exact shape of Earth? I’m told it is not a sphere.

      

      
        
        Robert McKinney

        Albany, New York

      

      

      

      Earth is very slightly flattened at the poles and slightly wider below the equator than at the equator. Otherwise unflatteringly known as a pear-shaped oblate spheroid.
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        Dear Merlin,

      

      
        If lines of longitude on Earth help determine boundaries of time zones, and if all lines of longitude converge the farther north and south of the equator one travels, then what time is it at the poles where all lines of longitude meet?

      

      
        
        Dean Jordan

        Montreal, Quebec

      

      

      

      It is time to go back home.

      There are no official time zones at the poles.

      

      
        
        Dear Merlin,

      

      
        As I understand it, Earth’s core was very hot billions of years ago, and it’s been cooling ever since. Is it possible that the core will cool completely? If so, what would the consequences be?

      

      
        
        Julie Jones

        Berkeley Springs, West Virginia

      

      

      

      Yes, Earth’s core will one day cool completely. When this happens, Earth’s land masses will become geologically dead, with no continental drift, no mountain building, no volcanoes. Earth would also lose its magnetic field. But worst of all—no hot springs.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        Suppose a hole were dug from one side of Earth, through the center, and out the other side. What would happen if I jumped into the hole? When I got to the middle of Earth, would I keep falling or would I stop?

      

      
        
        Debbie Candler

        Red Bud, Illinois

      

      

      

      You would be vaporized by the 11,000-degree Fahrenheit temperature of the pressurized molten iron core.

      Ignoring this complication and ignoring air resistance, you would gain speed continuously from the moment you jumped into the hole until you reached Earth’s center, where the force of gravity is zero. But you will be traveling so fast that you’ll overshoot the center and slow down continuously until you reach zero velocity at the exact moment you emerge on the other side.

      Unless somebody grabs you, you will fall back down the hole and repeat this journey indefinitely.

      A round-trip fall through Earth’s center takes about ninety minutes—the same for a spacecraft to complete one orbit. Gravitational physics is fun that way.

      

      
        
        Dear Merlin,

      

      
        Does Earth really wobble on its axis? If so, then why don’t we notice it?

      

      
        
        Toby Thurston

        Paterson, New Jersey

      

      

      

      A full wobble, officially known as the lunisolar precession, takes about 26,000 years—much too slow to be felt by anyone. If you want to see its consequences, then just come back in about 12,000 years. You’ll notice, if you look north, that Earth’s axis has “wobbled” away from Polaris. By then it will be pointing in the vicinity of the bright star Vega—the pole star of the distant future.

      Meanwhile, the Egyptians that Merlin used to hang with 5,000 years ago used Alpha Draconis (a.k.a. Thuban) as their most excellent pole star.

      But between way back then and now, and between now and the future, Earth’s got nothing. Pole stars are fleeting navigational luxuries. Enjoy them while you have one.

      

      
        
        Dear Merlin,

      

      
        I heard that Earth’s rotation is slowing down. Is this true?

      

      
        
        Arnold Bates

        Savannah, Georgia

      

      

      

      Yes.

      The day gets about 1 second longer every 67,000 years. This is due to several causes.  One is the melting of Arctic glaciers, which alters Earth’s rotation in the same way spinning ice skaters extend their arms to slow down. That final pose is not just panache. It is an act of physics. But the most prominent cause is the solar and lunar tides that slosh back and forth on the continental shelves. The friction between the 1.5 quintillion tons of ocean and the land masses serves to dissipate some of Earth’s rotational energy, while the Moon tries valiantly to slow us down in an attempt to have one Earth day equal one lunar month.

      The Moon already shows only one face toward Earth. The day Earth only shows one face to the Moon, we will be in a “double tidal lock.” If that is not a geek wrestling hold, it should be.

      

      
        
        Dear Merlin,

      

      
        I would like to understand more about precession. Does the precession of Earth change as Earth’s rotation changes? If so, does the precession period increase or decrease as the rotation of Earth slows? Also, do other solar system bodies precess?

      

      
        
        Nancy Hogan

        Lathrup Village, Michigan

      

      

      

      Rotational precession is the “wobble” that results if a nonspherical object rotates at an angle under the influence of an external source of gravity. All planets fit this description. Earth, for example, isn’t a perfect sphere and is tilted 23½ degrees on its axis and is tugged continuously by all other objects in the solar system, especially by the Sun and Moon.

      The equations of orbital dynamics predict that the 26,000-year precession period will decrease by about one year for every three seconds that the Earth day is lengthened.

      

      
        
        Dear Merlin,

      

      
        What effect, all things remaining the same, does the great precessional cycle of Earth have on the weather?

      

      
        
        Francis M. Block

        Robstown, Texas

      

      

      

      Earth’s great 26,000-year precession cycle, when combined with two other cosmic cycles, creates Milankovitch cycles, named for Merlin’s friend, the Serbian mathematician Milutin Milankovitch. In 1911, he explored what role Earth’s orbital eccentricity, Earth’s axial tilt, and Earth’s precession might have on Earth’s climate. From that study he discovered the long-term climatic shifts that send Earth in and out of ice ages.

      The cycle time is tens of thousands of years. So people who would rather blame the global warming of the past century on shifts in Earth’s natural climate are simply exhibiting their ignorance of how the universe works.

      

      
        
        Dear Merlin,

      

      
        I find the story of the precession of the equinoxes a fascinating one. Since this movement was detected in about 125 b.c., there must have been accurate records before then, so,

      

      

      
        
          	
        When was the zodiac invented?
      

      	
        When was the vernal equinox at the first point of Aries?
      

      	
        What is the best date for the “Beginning of the Age of Aquarius”?
      

      

      

      
        
          
        Jacques L. Sherman Jr., M.D.

        Miami Beach, Florida

      

      

      

      The constellation names derive from many cultures, with the zodiac as we know it tracing back two thousand years. At that time, the Sun’s annual path against background stars landed the vernal equinox (the first day of spring) in the zodiacal constellation of Aries. That is how the first day of spring became endowed with the name “first point of Aries.”

      Nineteen hundred years later, a few things have changed. Because of Earth’s ongoing precession on its axis, the first point of Aries has shifted in the calendar and occurs one month earlier than the actual vernal equinox, which now occurs in Pisces. And in about six hundred years the “first point of Aries” will reach the constellation Aquarius, which, we may suppose, would be heralded as the “Age of Aquarius.”

      While there have been songs written about this upcoming era, there is no scientific reason to get excited about it.

      

      
        
        Dear Merlin,

      

      
        I just found out that Earth has a flattened orbit that brings it closest to the Sun in January and farthest from the Sun in July! How can this be? The seasons seem to indicate just the opposite of this.

      

      
        
        Pam Starkey

        Dallas, Texas

      

      

      

      Earth is indeed about 3 percent closer to the Sun in January than in July. So clearly that can’t be the reason for the seasons.

      Earth’s axis tilts 23½ degrees from its orbital plane around the Sun. During summer, the Northern Hemisphere tilts toward the Sun. During winter, the Northern Hemisphere tilts away from the Sun. You may have noticed that the summer midday Sun is higher in the sky than the winter midday Sun.

      When the Sun is high in the sky, the ground heating is much more efficient than when the Sun is low. The Sun heats the ground, and after a small time delay, the ground heats the air. This is why the hottest time of day is a few hours after 12 noon and the hottest time of year is one to two months after the summer solstice (June 21).

      Of course, all seasons are reversed for the one-in-six humans, and other life-forms, who dwell in the Southern Hemisphere.

      

      
        
        Dear Merlin,

      

      
        I once read that Earth’s axis has flipped several times in the past. Can this possibly be true?

      

      
        
        Brian Overton

        Ottawa, Ontario

      

      

      

      No. Not if you’re referring to Earth’s axis of rotation. Earth’s magnetic poles invert every 300,000 years or so. At that rate, it has happened thousands of times in Earth’s history.

      Best explained by a “dynamo” phenomenon of rotating electrically conducting fluids (both liquids and gases), satisfied by Earth’s molten iron core, and by the entire Sun, which flips its own magnetic field every eleven years. People tend to confuse the two, leading to episodes of existential angst anticipating the next flip.

      

      
        
        Dear Merlin,

      

      
        If Earth did not have its 23½ degree axial tilt, that is, if its axial tilt were zero degrees, what effect would that have on our seasons? Would the Northern and Southern Hemispheres have the same seasons concurrently?

      

      
        
        Elvis Raffo

        Morganville, New Jersey

      

      

      

      There would be no seasons, and every spot on Earth would get exactly twelve hours of daylight and twelve hours of night—every day would be an equinox.

      Also take note that bears wouldn’t know how to hibernate, deciduous trees wouldn’t know when to lose their leaves, and fashion wouldn’t know when to change.
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        Dear Merlin,

      

      
        If most of the universe is hydrogen, then how come Earth’s atmosphere barely has any? Where do we get it from when we need it?

      

      
        
        Jessica Whitman

        Baltimore, Maryland

      

      

      

      At the temperature of Earth’s lower atmosphere, hydrogen atoms find themselves moving at speeds far in excess of Earth’s 7 miles per second (25,000 mph) escape velocity. They escape to interplanetary space quite easily.

      If you ever need some hydrogen, it can be extracted from specially designed fixtures in your home called faucets. What comes out is scads of molecules with two hydrogen atoms bound strongly to one oxygen atom. We call this chemical configuration “water.” By methods of electrolysis, scientists break the hydrogen-oxygen bond, thus releasing both hydrogen and oxygen gas.

      Merlin once heard a radio play about aliens who were desperately in search of hydrogen to survive. So they came to Earth and sucked up all the water. The playwright knew chemistry for sure—that the (H2O) water molecule contains hydrogen—but was embarrassingly ignorant of astrophysics. Ninety-two percent of all atoms in the universe are hydrogen.

      

      
        
        Dear Merlin,

      

      
        If the escape velocity on Earth is 25,000 miles per hour, then how can Earth have an atmosphere since molecules travel speeds greater than 25,000 miles per hour?

      

      
        
        David Miller

        Pittsburg, California

      

      

      

      Indeed, the escape velocity on Earth is about 25,000 miles per hour. But the oxygen and nitrogen molecules at Earth’s surface (the fastest movers in the atmosphere) have an average speed of just over 1,000 miles per hour, so you needn’t worry about waking up one morning in a vacuum.
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        Dear Merlin,

      

      
        I have a very simple yet mystifying question for you. Why is it that when you leave the atmosphere it is cold, but coming back it is hot?

      

      
        
        Adam Benkoski

        Austin, Texas

      

      

      

      Without Earth’s insulating blanket of atmosphere to surround you, your temperature in space will depend entirely on what you do with the sunlight that hits you.

      If you plan to take such a round trip, then you can control your temperature in space simply by the color of clothes you wear. If you wear black, you will absorb all the Sun’s rays that come your way, and your body temperature may rise above 250 degrees Fahrenheit. Since this is somewhat above the boiling point of blood, you might consider wearing different color clothes.

      If instead you wear white clothes, or better yet, a suit with mirrors riveted all over it, you will reflect most of the Sun’s rays that hit you. You will then rapidly lose your body heat, go into hypothermia, and die. Thereafter, your body temperature will continue to drop below –100 degrees Fahrenheit. Although that added fact will no longer be a concern of yours.

      The ideal way to leave Earth’s atmosphere is to wear what astronauts wear—a temperature-controlled space suit.

      

      
        
        Dear Merlin,

      

      
        Why is air thinner on mountaintops than at sea level?

      

      
        
        Virgil Nicholson

        Little Rock, Arkansas

      

      

      

      Unlike solids and liquids, air is highly compressible. Air pressure is determined by the weight of an entire column of Earth’s atmosphere that sits above a chosen area. When you go to a tall mountaintop (as observational astronomers once did), you have left thousands of feet of air column below you. The remaining air above you doesn’t weigh as much as before, so it compresses the air around you less.

      Some effects of this phenomenon include the adjustment of cooking times for food because the exact boiling point of water (a major food additive) depends on the surrounding air pressure. At sea level, water boils at 212 degrees Fahrenheit. At the summit of Mt. Everest, water boils at about 150 degrees. In an airless vacuum, water can boil at room temperature and wouldn’t be good for cooking anything.

      If there are ever restaurants on the Moon, they will surely have unusual menus—but you can guarantee they will have no atmosphere!
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            MOON

          

        

      

    

    
      The Moon is Earth’s lone natural satellite. When viewed from anywhere on Earth, it is above the horizon just as often in the daytime as at night. Of course, the Moon’s singular splendor is enhanced at night when it does not share the sky with the Sun.

      As is true with Earth, at any given moment exactly half the Moon is lit by the Sun. But the Moon’s moonthly journey in orbit around Earth grants us a continuous range of viewing angles on that sunlit side. These are commonly called “phases” that progress from the invisible new Moon (where the Moon is between Earth and the Sun and the far side is illuminated completely), to waxing crescent, to first quarter (commonly called half Moon), to waxing gibbous, to full Moon, to waning gibbous, to last quarter, to waning crescent, and back to new Moon. The last quarter and waning crescent Moons rise after midnight, so these two phases tend to be appreciated only by all-night security guards and “moonlighting” cab drivers.

      Two humans first landed on the Moon July 20, 1969. Had they traveled at a law-abiding 55 miles per hour, the trip would have taken about seven months, but rocket propulsion permitted the trip to occur in less than seventy-two hours. The astronauts found what was expected—a dusty, barren, waterless, airless, cratered surface. They got to hop around and plant a flag and collect rocks and leave behind their footprints in the dust of lunar time.

      

      
        
        Dear Merlin,

      

      
        How bright is moonlight on a full Moon night?

      

      
        
        Kip Connell

        Redwood City, California

      

      

      

      The Moon is almost as bright as the suburban streetlight that you may be standing under—yet it looks that bright after sunset for everybody on Earth. It creates shadows, “drowns” out the light of thousands of normally visible stars, inhibits the view of seasonal meteor showers, and aids in nighttime burglaries. But it also permits a harvest to continue past sunset, saves flashlight batteries when you’re camping, and turns an ordinary evening into a romantic one.

      For all of this brightness, the Moon reflects only about 7 percent of the sunlight that strikes its surface. The rest gets absorbed.

      Incidentally, Earth is larger and more reflective than the Moon, so “full Earth” seen from the Moon is more than fifty times brighter than the full Moon seen from Earth.
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        Dear Merlin,

      

      
        I have noticed in various newspapers that the exact minute the Moon is full is always given. What I would like to know is exactly how long is the Moon full?

      

      
        
        Doris Brinlee

        Dallas, Texas

      

      

      

      The definition of a full Moon is the instant the Moon is opposite the Sun in the sky as seen from the center of Earth. The time given in newspapers and publications is the nearest minute that this occurs, but of course the Moon will appear quite full for the entire night.

      To the untrained eye, however, the Moon looks full for one or two days before and after this moment as it slides from the waxing gibbous phase, through full, and onward to waning gibbous.

      

      
        
        Dear Merlin,

      

      
        Could you provide the names for all the full Moons in the year?

      

      
        
        Jim Richards

        Livermore, California

      

      

      

      Most full Moons have multiple names, within and across cultures, and especially among indigenous peoples. Here, Merlin offers a smattering of names, common to North America:

      The January Moon is unimaginatively named the Moon After Yule. The February Moon is the Snow Moon (if you happen to be wallowing in snow), or it is the Wolf Moon (if you notice wolves that howl at it), or it is the Hunger Moon (if you ran out of the food reserves from your autumn harvest). As every tree knows, the March Moon is the Sap Moon. In April it is the Grass Moon. And in May it is the Planting Moon. The full Moon doesn’t seem to know about the rhyme “April showers bring May flowers” because “in June we get the Flower Moon.” The June full Moon also stays low in the sky and often takes on a honey-amber color from the atmospheric dust low on the horizon. Consequently, newlyweds prefer to call the full Moon in June the Honey Moon. The Thunder Moon is appropriately found in July, while August has the Grain Moon. The closest full Moon to the autumn equinox is the Harvest Moon. As is true for all full Moons, this one rises just after sunset so the farmer can harvest through the night. If the Harvest Moon falls in October, then the September Moon is the Fruit Moon. And if the Harvest Moon is in September, then some animals will be dismayed to know that the October Moon becomes the Hunter’s Moon. In November we get the Frosty Moon, especially if you live in the North. And the December Moon is called Moon Before Yule (unless it falls after Christmas where it is then called Long Night Moon). A second full Moon in any calendar month is always called the Blue Moon, landing every two or three years. So Blue Moons are more common than presidential elections, the Summer Olympics, and leap days.

      That fatiguing list of full Moon names was obviously invented in an older, agricultural period of North American society. Now that times have changed, Merlin would like to offer a revised, updated list of full Moons.

      
        
        January:Dirty-Snow Moon

      

        

      
        February:Super-Bowl Moon

      

        

      
        March:Weather-Is-Getting-Better Moon

      

        

      
        April:Tax-Return Moon (if before the 15th)

        Late-Fee Moon (if after the 15th)

      

        

      
        May:It’s-Getting-Warmer Moon

      

        

      
        June:Elope Moon

      

        

      
        July:Muggers’-Night Moon

      

        

      
        August:Muggy-Night Moon

      

        

      
        September:Back-to-School Moon

      

        

      
        October:Fallen-Leaf Moon

      

        

      
        November:Bare-Trees Moon

      

        

      
        December:White-Christmas Moon (if you live in the North) I’m-Dreaming-of-a-White-Christmas Moon (if you live in the South)

      

      

      

      
        
        Dear Merlin,

      

      
        I once read that it was impossible for there to be two full Moons in February. But in leap years, February has 29 days. So wouldn’t it indeed be possible—“once in a Blue Moon”—for there to be one full Moon on February 1 and one on February 29?

      

      
        
        Claire P. Greene

        Oconomowoc, Wisconsin

      

      

      

      The average time between consecutive full Moons is 29 days, 12 hours, 44 minutes, and 3 seconds. February can never provide more than 29 days, 0 hours, 0 minutes, and 0 seconds, which means February loses every time in the Blue Moon lottery.

      For February then, the expression “once in a Blue Moon” means never.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        Does the full moon affect people’s behavior?

      

      
        
        Amy Cantor

        Chicago, Illinois

      

      

      

      Some people claim more babies are born during full Moons than any other phase. Some claim that burglary rates in large urban areas (e.g., your hometown) go up during full Moons. Nonanecdotal data collected from cities don’t tend to bear this out. But even if it did, we must look at these two statistics more closely before we jump to cosmic conclusions.

      The human gestation period is very nearly equal to nine cycles of the lunar phases. The fact that more babies are born during a full Moon simply means that more babies are conceived during a full Moon. And nobody will argue the romantic effects of a moonlit evening.

      The full Moon is the only phase visible all night, rising at sunset and setting at sunrise. It is also the brightest phase, making it easy for burglars to exploit these dim but navigable lighting conditions throughout the night.

      So perhaps we can indeed say that full Moons affect people’s behavior, but not in any mysterious, unexplained way.

      

      P.S. Merlin has never seen anyone grow hair on their palms nor fangs in their mouth during any phase of the Moon.

      

      
        
        Dear Merlin,

      

      
        How come during a thin crescent Moon you can sometimes see the outline of the rest of the Moon? I’ve heard it called earthshine.

      

      
        
        Mary Duggan

        Corpus Christi, Texas

      

      

      

      This phenomenon was first described correctly by Merlin’s good friend Leonardo da Vinci. While visiting Tuscany in 1510, Merlin caught up with him over lunch in a piazza café, slurping a bowl of minestrone soup. Merlin interrupted with some questions:

      
        
        Merlin:I hear you’ve been thinking about the Moon lately.

        

        Leonardo:Yes, Merlin. I’m especially curious about Earth-Sun-Moon geometry. So when I’m not sketching, painting, sculpting, designing war machines, or digging up and probing dead bodies while nobody is looking, I do indeed think about the sky.

        

        Merlin: Glad you can find time for the universe in your busy schedule. What have you discovered lately?

        

        Leonardo: Assuming light travels in straight lines through space, before reflecting off surfaces, I’ve concluded that during a thin crescent Moon the Earth-Moon-Sun arrangement would permit “Moon beings” to see the light of a nearly full Earth. If so, then this strong illumination would reflect off the darkened lunar surface, rendering it visible back on Earth for all of us to see.

        

        Merlin: We shall evermore call the phenomenon Earthshine.

        

        Leonardo: Hmm. Personally, I’d prefer Moonshine.

      

      

      

      
        
        Dear Merlin,

      

      
        I am intrigued when I look at the Moon when it is not full, and I see a faint outline of the darkened portion. Is this a part of the lunar hemisphere that we never see (the dark side of the Moon), or is it the same lunar hemisphere always facing us with the position of the lunar dawn simply moving across it?

      

      
        
        Jim Todd

        San Diego, California

      

      

      

      Contrary to popular musical literature and folklore, there is no “dark side” of the Moon. Ever since Pink Floyd released their hit album The Dark Side of the Moon in 1973, Merlin has been working round-the-clock to undo the damage it has caused.

      Indeed, lunar dawn migrates across the entire lunar surface to provide nearly 15 consecutive days of sunlight to every part of the Moon. In scientific circles, this moving boundary between light and dark has the less-than-poetic name “terminator.”

      The Moon does, however, display only one side—the near side—to Earth at all times. In late 1959, the Soviet spacecraft Luna 3 flew past the Moon. Only then did Earthlings obtain the first photographs of what the “back side” of the Moon looks like.

      

      
        
        Dear Merlin,

      

      
        When we were in China, one of our group declared that the Moon (it was a crescent) was facing in the opposite direction from the way it would be at home. I thought that must be wrong, but I didn’t know enough to argue.

        I have just received a letter from a friend who has been in New Zealand. She says, “the Moon fascinated me. In New York it was in the first quarter . . . [when] we were in the Southern Hemisphere the next night it looked as if it were in the last quarter.”

        Can you straighten me out on all this?

      

      
        
        Edith F. Ridington

        Westminster, Maryland

      

      

      

      Sharing a similar range of north latitudes on Earth, the Moon should look no different in China than in the United States.

      During a visit to the Southern Hemisphere, however, all celestial objects (planets, moons, constellations, etc.) that you previously determined to be “right-side-up” will appear “upside-down.” When you turn something upside-down (like your point of view), the right side flips to the left and the left side flips to the right.

      By the way, the true phase of the Moon doesn’t care much about whether you were flipped out when you looked at it.

      

      
        
        Dear Merlin,

      

      
        How big are the craters on the Moon?

      

      
        
        Cory Jolly

        Austin, Texas

      

      

      

      The Moon’s surface has deeper valleys, longer ridges, and wider craters than any corresponding feature on Earth’s surface.

      The lunar highlands contain craters of all sizes up to 200 miles in diameter with walls that rise up to 10,000 feet above the surrounding terrain. The single largest crater on the Moon, and the largest in the solar system, is 1,500 miles across.

      With safety in mind, the Apollo missions to the Moon naturally targeted the lunar maria, the flattest possible areas for their landing sites.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        Why doesn’t the Moon have an atmosphere, while Earth, so nearby in space, has an appreciable one?

      

      
        
        Scott McGruder

        Fort Collins, Colorado

      

      

      

      The in Earth’s lower atmosphere travel at about 1,600 feet per second (500 meters per second) between their random collisions. Earth’s gravityis sufficiently strong to prevent nitrogen and oxygen air molecules from escaping into space despite their high speed.

      The Moon’s feeble gravity (one-sixth that of Earth) keeps only the slowest of gas molecules. As a consequence, the atmospheric pressure on the Moon is only one-trillionth that of Earth.

      

      
        
        Dear Merlin,

      

      
        If the Sun’s gravity is stronger than Earth’s gravity, then why does the Moon orbit Earth?

      

      
        
        Roy Sparkman

        Albany, New York

      

      

      

      Upon closer inspection you will see that while Earth and the Moon are in mutual orbit, they both orbit the Sun together.

      In the solar system, the Sun always wins the “who orbits whom” contest.
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        Dear Merlin,

      

      
        Astronomers say that the Moon moves away from Earth a little bit per year. Why is this so?

      

      
        
        Julie Jones

        Berkeley Springs, West Virginia

      

      

      

      The Moon’s gravity exerts a tidal force on Earth that causes ocean waters to bulge. This creates twice-per-day high tides that slosh back and forth on shorelines, slowly slowing Earth’s rotation at a rate of about two-thousandths of a second per day, per century.

      In response to Earth’s loss of rotational momentum, the tidal bulge pumps the Moon’s orbit with more orbital momentum, forcing it to spiral away from Earth at a rate of about 1.5 inches (4 cm) per year. That is about how fast human fingernails grow.

      These cosmic hijinks unfold in accordance with a more general principle of physics called the conservation of angular momentum.

      

      
        
        Dear Merlin,

      

      
        What was the maximum velocity of the Apollo spacecrafts on their way to the Moon, and how long was the actual time of transit between Earth and Moon?

      

      
        
        Lee Derr

        Florissant, Colorado

      

      

      

      The Apollo spacecraft all averaged about 1 mile per second for their three-day journeys from Earth to the Moon. The maximum speed for all of them occurred just after leaving Earth’s orbit, at the beginning of their trip. That is where and when they fired their third-stage engines to execute a translunar injection, propelling them to Earth’s escape velocity of seven miles per second. From that moment onward they required no propulsion and just “coasted” toward the Moon (provided they aimed straight) and continually slowed down due to Earth’s gravitational pull against them.

      When they crossed within about 27,000 miles of the Moon, the Moon’s gravity in space became stronger than Earth’s gravity, allowing the astronauts to increase their speed until they chose to enter lunar orbit.

      Yes, as a matter of fact, it is rocket science.

      

      
        
        Dear Merlin,

      

      
        Could you tell me where to look on the Moon to find the exact spot that the first astronauts planted the American flag?

      

      
        
        Betty Ray Dunbar

        South Gate, California

      

      

      

      At last count there are six American flags on the Moon left there by the Apollo astronauts. They are all in different places. The first flag, planted by Neil Armstrong in 1969, was placed near their landing site in Mare Tranquillitatis—the Sea of Tranquility—a flat, wide-open section of the lunar surface that is a lava floodplain formed when the Moon was geologically (or rather lunar-logically) active.

      While the Sea of Tranquility is plainly visible from Earth’s surface with the unaided eye, the actual flag is too small to be seen by even the largest ground-based telescopes.

      

      
        
        Dear Merlin,

      

      
        What is the best resolution of lunar detail that can be seen by the 200-inch telescope here on Earth? That is, can craters one mile in diameter be discerned? Half a mile? (I’ve read this before, but cannot find it again in my 150 astronomy books.)

      

      
        
        William R. Dellinges, stargazer

        Newark, California

      

      

      

      The 200-inch Palomar telescope in California can resolve lunar craters down to about a mile in diameter. But before you get impressed, you should know that a four-inch telescope would provide the same resolution. The resolving limit in this example is determined by Earth’s turbulent atmosphere and not by the telescope itself.

      If you hold your breath while you lift the telescopes above Earth’s atmosphere you will discover that the four-inch telescope will still resolve only one-mile craters but the 200-inch telescope will see detail down to 100 feet.

      Now just make sure that Merlin’s Tour of the Universe becomes your 151st astronomy book.

      

      
        
        Dear Merlin,

      

      
        What are the first words spoken from the Moon? I’ve heard conflicting stories about this.

      

      
        
        Jonathan Marshall

        Houston, Texas

      

      

      

      As many Texans know, the first word of the first comments spoken from the Moon is HOUSTON. Merlin was visiting the Moon when all this happened and overheard the following dialogue between Apollo 11 astronaut Neil Armstrong and Mission Control.

      
        
        Armstrong: Houston, Tranquility base here.

        The Eagle [lunar module] has landed.

        

        Mission Control: Roger, Tranquility, we copy you on the ground.

        You’ve got a bunch of guys about to turn blue.

        We’re breathing again. Thanks a lot.

        

        Armstrong: Thank you.

        

        Mission Control: You’re looking good here.

        

        Armstrong: A very smooth touchdown.
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      The Sun’s eight planets (and Draziw’s five) are all so different from one another that many astronomers devote their life’s research to a single planet. When broadly categorized, the solar system has four small rocky planets—Mercury, Venus, Earth, and Mars; and four large gaseous planets—Jupiter, Saturn, Uranus and Neptune.

      Unlike comets, all planets orbit the Sun in roughly the same plane and in the same direction (counterclockwise when viewed from the “top”). These two important facts hint to a common dynamical origin for all planets. Current theories suggest an enormous spinning gas cloud that collapsed. If you collapse while spinning, not all material arrives at the center. Some flattens out like a flapjack. The Sun, with 99.87 percent of the mass, formed in the center while the planets condensed around it in a common orbital plane.

      Rounding out the solar system’s inventory, we find a swarm of craggy rocks orbit between Mars and Jupiter—the asteroid belt; a swarm of icy comets orbit just beyond Neptune—the Kuiper Belt (containing Pluto, by the way); and the Oort cloud, the outermost portion of the original solar nebula that did not partake in the collapse and flattening. It harbors trillions of comets that surround the Sun in the cold of distant space, extending halfway to the nearest stars.

      

      
        
        Dear Merlin,

      

      
        Could you list all the planets in order from the Sun for me?

      

      
        
        V. Schwartz

        Trenton, New Jersey

      

      

      

      Merlin always remembers the planets in order of the distance from the Sun with the following mnemonic: “My Very Educated Mother Just Served Us Nachos.” The first letters match the first letters of the planets in order: Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune

      Way back when Pluto was still in the running for planet status, the mnemonic ended with “. . . Served Us Nine Pizzas.” But from 1979 to 1999, Pluto’s elongated, oval orbit brought it closer to the Sun than Neptune, wreaking mnemonic havoc on us all. One of several reasons for Pluto’s official 2006 demotion from planethood. Pluto had it coming.

      

      
        
        Dear Merlin,

      

      
        I believe the planets are all named by the Greeks—or, at least, with Greek names. The name “Earth” doesn’t sound Greek. How was our planet named?

      

      
        
        Shirley Z. Hartwell

        Guilford, Connecticut

      

      

      

      “Earth” comes from the olde English eorthe meaning “ground” and was never imagined by the ancients to be a planet.

      Meanwhile, all planets are named for Roman gods, although their moons are named for Greek characters in the life of the Greek god who is the counterpart to the Roman god after whom the planet is named. The lone exception is planet Uranus. Merlin’s good friend, the English astronomer William Herschel, discovered Uranus by accident in 1781 with his 6.2-inch reflecting telescope. Elated, he named it for his ruler, King George. For decades, books and other official documents listed the planets in order from the Sun as: Mercury, Venus, Earth, Mars, Jupiter, Saturn, and George—until clearer heads prevailed. Ultimately Planet George would be renamed for the Roman god Uranus. But to keep peace with the Brits, the international community of astronomers agreed to break tradition with nomenclature and name the moons of Uranus after fictional characters drawn from Shakespearean plays.

      Note that the word for your planet, strictly speaking, should not be capitalized. Unlike the rest of the planets, Earth isn’t named after anybody. For that matter, neither is the Sun or Moon. That’s how things used to be. But in modern times, Merlin chooses to grant them all the rights and privileges of other capitalized objects in the solar system. If you like Latin, the Sun, Earth, and Moon are formally called Sol, Terra, and Luna. So they’re not entirely nameless.

      

      
        
        Dear Merlin,

      

      
        What are the most difficult obstacles to overcome for a crewed exploration to the neighboring planets?

      

      
        
        Ron Simpson

        Christiana, Pennsylvania

      

      

      

      Both Mercury and Venus endure extremely high surface temperatures, although Venus poses an additional challenge to the well-being of astronauts, with atmospheric pressure nearly 100 times that of Earth.

      You can avoid the periodic raging dust storms on Mars if you land at the right time and place on the Martian surface.

      If you manage to traverse the asteroid belt with no major structural damage to your spacecraft, you will discover that the first two gaseous planets, Jupiter and Saturn, offer no surface to land on—no place to plant a flag. Also, the excessive gravity on Jupiter would make a 160-pound astronaut weigh more than 400 pounds.

      The second two gas planets, Uranus and Neptune, are each a bone-chilling 350 degrees below zero Fahrenheit. Other dangers in these remote planets remain to be determined.

      The most difficult obstacle of them all, however, is funding.

      By far, then, the safest and most affordable planet for people to visit is Earth.

      

      
        
        Dear Merlin,

      

      
        Why does Mercury have so many craters while the Moon has comparatively few? Both Mercury and the Moon have no atmosphere.

      

      
        
        Danny Negvesky

        Manassas, Virginia

      

      

      

      The “far side” of the Moon, which never faces Earth, looks just as cratered as Mercury. This fact wasn’t established until the 1960s when the Soviet Union sent a lunar orbiter to photograph the Moon’s far side.

      Shortly after the Moon formed, during periods of heavy bombardment, the entire lunar surface became heavily cratered. But reservoirs of magma happened to be more concentrated beneath the subsurface of the Moon’s near side. When that magma erupted, the flowing lava filled in these gigantic impact craters, and that would cool to relatively flat and smooth surfaces, concealing the evidence of previous bombardment. After the solar system formed, and the bombardment ceased, there wasn’t as much debris left to fully pepper these smooth surfaces with fresh craters.

      So flat are these regions of the lunar surface that early observers presumed them to be large standing bodies of water. To this day they retain that nomenclature, such as the Sea of Tranquility, where Apollo 11 landed in 1969.

      

      
        
        Dear Merlin,

      

      
        How can Venus’s surface sustain nearly one hundred Earth atmospheres of air pressure? That’s nearly 1,400 pounds per square inch! That “air” must be dense or deep or both. It hardly seems that a planet can support that much pressure. What is going on?

      

      
        
        Bill Hagemeier

        Del Rio, Texas

      

      

      

      No problem for rocky planets such as Venus or Earth to support thousands of pounds per square inch on their surface. The solid bottom of Earth’s oceans supports 15,000 pounds per square inch—more than ten times Venus’s atmospheric pressure.

      When you are made of rock, this kind of pressure doesn’t much bother you.

      

      
        
        Dear Merlin,

      

      
        I’ve heard so often that Venus is Earth’s “sister” planet and that they are very similar. How then do scientists account for Venus’s surface temperature of 900 degrees Fahrenheit? Is this so because Venus is closer to the Sun?

      

      
        
        Royce Vetter

        Harrisburg, Pennsylvania

      

      

      

      The beautiful planet Venus has about the same size and surface gravity as Earth. But that is where the sibling genetics end. Venus has the distinction of being the hottest planet in the solar system, with a surface temperature hot enough to melt lead. And ignoring the fact that you would vaporize, you could cook a 16-inch pepperoni pizza on your windowsill in three seconds. At 59 degrees, Earth’s average surface temperature is considerably cooler, requiring that Earthlings use brick ovens to cook their pizzas.

      Venus orbits only slightly closer to the Sun than Earth does. We would therefore expect Venus to be only slightly warmer. But no. The excess heat comes from a runaway greenhouse effect caused by the high fraction of carbon dioxide molecules in Venus’s atmosphere, accounting for 96 percent of its contents. Visible light penetrates the thick cloud cover of the planet and gets absorbed by the rocky surface. This energy re-emits in the form of infrared rays that get trapped by the carbon dioxide and heats up the atmosphere.

      Earth’s atmosphere is mostly nitrogen and oxygen with 0.04 percent carbon dioxide. By comparison, Earth’s greenhouse effect is meager.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        Why is Mars red?

      

      
        
        Hope Reynolds

        San Antonio, Texas

      

      

      

      The Martian surface is red for the same reason mammal blood is red—the presence of oxidized iron mixed with other surface constituents. You may justifiably call it “rust.”

      The planet’s distinct bloodred color inspired the ancient Greeks to name it after Ares, and the ancient Romans to name it after Mars, each their god of war.

      

      
        
        Dear Merlin,

      

      
        Why is Mars so very cold when its atmosphere is mainly carbon dioxide, just like the atmosphere of Venus?

      

      
        
        David Miller

        Pittsburg, California

      

      

      

      The searing, noxious atmosphere of the “beautiful” planet Venus has fifteen thousand times the pressure of Mars’s atmosphere. This bone-crushing environment forces every cubic inch of Venus’s lower atmosphere to contain ten thousand times the quantity of carbon dioxide than the corresponding cubic inch of Mars’s lower atmosphere.

      The carbon dioxide on both planets traps heat, but you can see now why Venus is much better at it.

      Let’s also not forget that Mars orbits twice as far away from the Sun. Invoking the famous “inverse square law” of light, this means sunlight on Mars is only one-fourth as intense as sunlight on Venus.

      

      
        
        Dear Merlin,

      

      
        In astronomy class we learned that because of the pressure within Jupiter’s interior, astronomers theorize that hydrogen takes on the unfamiliar form of metallic hydrogen. I want to know if metallic hydrogen has ever been made (isolated) on Earth under laboratory conditions or is this metallic hydrogen some invention of the mind?

      

      
        
        Eric Vangerud

        Valley City, North Dakota

      

      

      

      Deep within Jupiter the pressure is great enough to convert pairs of hydrogen atoms—hydrogen molecules—into metallic hydrogen. The metallic properties of the pressurized hydrogen are likely responsible for the intense magnetic field that surrounds Jupiter.

      This rare form of hydrogen was predicted in 1935 but not created in an Earth laboratory until 1996. The results suggest that the inner 60 percent of Jupiter’s radius (20 percent of the volume) is indeed under enough pressure to produce and sustain metallic hydrogen.

      

      
        
        Dear Merlin,

      

      
        I recently read that the planet Saturn is light enough to float on water. Since the planet is so much bigger than Earth, how can this be true?

      

      
        
        Bonnie Vickers

        Fort Wayne, Indiana

      

      

      

      If you found a bathtub in the universe big enough to hold it, then Saturn would indeed float.

      The gas-rich jovian planets (Jupiter, Saturn, Uranus, and Neptune) are only about a third as dense as the rocky-terrestrial planets (Mercury, Venus, Earth, and Mars). It just happens that Saturn’s density, unlike that of any other planet, falls below the density of water. When this condition exists for any object, cosmic or otherwise, it is guaranteed to float.
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        Dear Merlin,

      

      
        I recently read that Saturn’s rings disappear when viewed edge-on from Earth. Why is this so?

      

      
        
        Ralph Carrera

        Bronx, New York

      

      

      

      Saturn’s rings are skinny. Estimates range from 30 feet up to about a half mile. Given their enormous extent, by analogy, a sheet of paper is one hundred times thicker than Saturn’s rings. When viewed edge-on and at Saturn’s enormous distance, it is no surprise they seem to disappear.

      Merlin’s good friend Galileo Galilei first observed the “disappearance” of Saturn’s rings in 1610. Knowing full well the cannibalistic legend that surrounds the Roman god Saturn, he commented, “Can Saturn have swallowed his children?”

      

      
        
        Dear Merlin,

      

      
        I understand that Neptune was once the farthest planet in the solar system. When did Pluto regain that distinction?

      

      
        
        Don Lyles

        Oakley, California

      

      

      

      Pluto’s average distance from the Sun is greater than that of Neptune. But Pluto’s misbehaved, eccentric orbit brought it closer to the Sun in 1979, where it stayed for 20 years out of its 248-year orbital period.
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      The questionable honor of being the most “way out” planet in the solar system (if you prefer to think of Pluto as a planet) will once again be regained by Neptune around January 17, 2227.

      

      
        
        Dear Merlin,

      

      
        How did astronomers know how long it took Uranus, Neptune, and Pluto to make one trip around the Sun after they were discovered?

      

      
        
        David Hutsell

        Modesto, California

      

      

      

      Merlin visited the German mathematician Johannes Kepler at his home back in 1619. It was soon after he formulated his third law of planetary motion.

      
        
        Merlin: Johannes, of what use is this law you have just formulated?

        

        Kepler: Merlin, with this law you may compute the orbit period of all five planets, plus Earth, of course. All you need to know is a planet’s average distance to the sun.

        

        Merlin: Then what?

        

        Kepler: According to my third law of planetary motion, the orbital period is proportional to the square root of the average distance to the sun, raised to the third power.

        

        Merlin: How on Earth did you figure this out?

        

        Kepler: Merlin, I struggled for fifteen years on this orbit problem. I kept presuming a mathematical connection between the five geometric solids and the sun’s six planets.

        

        Merlin: ?!

        

        Kepler: I finally abandoned that idea because, to put it simply, it didn’t work. I desperately wanted it to work. But it didn’t work. The planetary data that I used were excellent. Willed to me by Tycho Brahe, the great observational astronomer of Denmark. At Uraniborg, Tycho’s observatory, he meticulously recorded the motions of planets across the celestial sphere. I finally let the data tell me how the solar system works rather than vice versa. My third law is the natural result.

        

        Merlin: An impressive law it is.

        

        Kepler: It may even apply to planets that are yet to be discovered.

      

      

      Kepler’s law would indeed apply to all planets, all asteroids, all comets, and all debris in orbit around the Sun, as well as to all moons that orbit their host planet. When Uranus, Neptune, and Pluto were discovered, it became a simple matter to compute their orbital periods after you figured out their average distance to the Sun—simpler than using your stopwatch while waiting for centuries.

      

      
        
        Dear Merlin,

      

      
        Why do the planets Venus, Uranus, and Pluto rotate in a retrograde manner? Could there possibly be a connection between these distant planets?

      

      
        
        Roy Krause

        Shaw AFB, South Carolina

      

      

      

      Only Venus and Uranus are known to rotate “backward,” and there’s no strong agreement why. They are also too far apart in the solar system to believe their retrograde features have a common origin, while not affecting all the planets in between. It is quite possible that those two planets were each slammed by a large protoplanet during the early days of the solar system. Such an event, if energetic enough, could easily knock a planet off its rocker, upending its axis.

      Cool Venus fact: Its retrograde day lasts longer than its year. So Venutians live more years than days.

      

      
        
        Dear Merlin,

      

      
        When our Sun becomes a red giant, at the end of its lifetime, and it swallows all the planets up to Mars, what will happen to all the planets from Jupiter to Pluto?

      

      
        
        Christopher Kuhlow

        Newburgh, New York

      

      

      

      The gaseous titans of the solar system, Jupiter, Saturn, Uranus, and Neptune, enjoy strong gravitational grips on their atmospheres. They will likely remain unfazed by this debacle. We know this because the exoplanet catalog, which continues to grow by leaps and bounds, contains many examples of Jupiter-sized gaseous planets that orbit closer to their host star than Mercury does to your Sun. So no need to worry about them.

      Pluto, however, has issues. Half of Pluto’s volume is comprised of ice. In the vacuum of space, heated ice doesn’t melt, it sublimes, turning directly into gas from its solid phase. So Pluto will first grow a tail and then continue to evaporate away—as will all its icy cometary brethren in the Kuiper Belt.

      

      
        
        Dear Merlin,

      

      
        What is the largest moon in the solar system?

      

      
        
        Jimmy Bailey

        and the Fletcher family

        Hot Springs, Arkansas

      

      

      

      It is a photo finish between Jupiter’s Ganymede at 3,270 miles in diameter and Saturn’s Titan at 3,200 miles in diameter.

      Earth’s moon (the only moon in the solar system with the name Moon) comes in at sixth place with a diameter of 2,160 miles.
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        Dear Merlin,

      

      
        What is the latest count for the number of moons of each planet in our solar system?

      

      
        
        Stewart R. Baker

        Black Mountain, North Carolina

      

      

      

      At this moment, there are 290 known moons among the eight known planets, plus Pluto.

      
        
        Poor Mercury has no moon,

        And Venus does not, ’tis true.

        Yet Earth, of course, has one, while

        Planet Mars, take note, has two.

      

        

      
        The mighty Jupiter, by jove,

        Holds ninety-two moons in the mix.

        But ringed Saturn sets the record

        With one hundred and forty-six.

      

        

      
        Uranus has quite a few

        With twenty-seven, aplenty.

        Neptune’s fourteen and Pluto’s five

        Totals two hundred and ninety.

      

      

      

      
        
        Dear Merlin,

      

      
        On August 16, 1987, there was a well-publicized event referred to as the “Harmonic Convergence.” Apparently, it is a rare astronomical event that occurs every 26,000 years, in which all of mankind is meant to pray for peace. I have heard that the Aztecs predicted this event and that it is of great significance. Is this a true astronomical rare event or just a hoax?

      

      
        
        Daniel G. Levitt

        Tucson, Arizona

      

      

      

      An event can be rare without being interesting.

      For example, at any instant, the precise relative orientation of all planets will not repeat for a trillion years. By this measure, every day’s night sky is “rare.”

      You can grant significance to any date on a calendar to celebrate, pray, worry, or chant, but on August 16, 1987, nothing astronomically unusual or interesting occurred.
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            ASTEROIDS, COMETS, AND METEORS

          

        

      

    

    
      Asteroids, comets, and meteors are leftovers from the original gas cloud that formed the Sun and planets. Asteroids are craggy chunks of rock. Comets are balls of dirty ice. And meteors are whatever falls through and burns up in Earth’s atmosphere from outer space.

      Asteroids wander everywhere in the solar system but mostly orbit the Sun in a crowded belt between Mars and Jupiter. Preserving the astronomer’s tradition of literary simplicity, this belt of asteroids is called the “asteroid belt.”

      Comets hail from two places. One is the spherical “Oort cloud,” named for the Dutch astronomer Jan Oort, who proposed its existence. There you will find trillions of comets extending halfway to the nearest stars. The other place is a vast and puffy “Kuiper Belt” containing thousands of icy objects orbiting the Sun beyond Neptune, named for the Dutch American astronomer Gerard Kuiper, who imagined such a place but wasn’t sure if it really existed. The belt’s most famous celebrity is Pluto.

      Asteroids are named by their discoverers, often after themselves. And if meteors were visible for longer than the one or two seconds they take to burn up in the atmosphere, then maybe meteors would have names as well.

      

      
        
        Dear Merlin,

      

      
        How many asteroids are there? What are their names? Are there more asteroids than planets?

      

      
        
        Arnold Green

        Tucson, Arizona

      

      

      

      Millions of asteroids orbit in and around the Sun’s asteroid belt. Newly discovered asteroids are numbered, cataloged, and ultimately named only if their orbits can be computed accurately. Last Merlin checked, the count has risen through 25,000 named asteroids, yet there are still only eight named planets.

      

      Many asteroids are named for mythological people, such as

      2101 Adonis,

      1404 Ajax,

      2063 Bacchus,

      55 Pandora,

      

      while others are named for mythological places, like

      1198 Atlantis,

      2952 Lilliputia,

      1282 Utopia,

      1260 Walhalla.

      

      Some are named for real cities, such as

      2830 Greenwich,

      2171 Kiev,

      2224 Tucson,

      42776 Casablanca,

      

      while others are named for real countries, like

      469 Argentina,

      2575 Bulgaria,

      1125 China,

      1432 Ethiopia.

      

      Many are named after well-known people that include the musicians

      1814 Bach,

      1815 Beethoven,

      1034 Mozartia,

      8749 Beatles,

      and Merlin’s good friends

      662 Newtonia,

      2001 Einstein,

      697 Galilea,

      1288 Santa,

      13123 Tyson.

      

      Tons of others are named for some not-so-famous people, like

      1744 Harriet,

      2335 James,

      779 Nina,

      1716 Peter.

      

      But Merlin’s favorite asteroid of them all is, of course,

      2598 Merlin.

      

      
        
        Dear Merlin,

      

      
        Halley’s comet came around in 1910 and again in 1986. What makes the comet return to swing around the Sun after a journey of billions of miles into space? What has happened between 1910 and 1986? Is there no other gravity in outer space to capture it?

      

      
        
        A. D. McDevitt

        Yountville, California

      

      

      

      Much has happened on Earth since 1910.

      
        
        1915—Einstein develops the General Theory of Relativity.

      

        

      
        1924—Edwin Hubble confirms the existence of other galaxies.

      

        

      
        1929—Edwin Hubble confirms the expanding universe.

      

        

      
        1930—Clyde Tombaugh discovers Pluto.

      

        

      
        1947—Chuck Yeager breaks the sound “barrier.”

      

        

      
        1957—Sputnik is launched.

      

        

      
        1958—McDonald’s serves its one-hundred-millionth hamburger.

      

        

      
        1969—Neil Armstrong walks on the Moon.

      

        

      
        1970—Venera 7 probe soft-lands on Venus.

      

        

      
        1976—Viking probe soft-lands on Mars.

      

        

      
        1983—Pioneer probe passes Neptune, exiting our orbital family of planets.

      

        

      
        1986—Comet Halley finds its way back to the Sun.

      

      

      We would have lost comet Halley over that time had it wandered too close to the nearest star. But the Alpha Centauri system, the Sun’s closest stellar neighbors, is 7,000 times farther than the outermost part of comet Halley’s prescribed orbit.

      The Sun’s gravity keeps a tight grip on all its planetary and cometary progeny.

      

      
        
        Dear Merlin,

      

      
        I read recently that in 2061 comet Halley will be five times brighter. Why?

      

      
        
        Edward Sidorski

        Susquehanna, Pennsylvania

      

      

      

      A comet’s brightness on the sky depends on many things. But most importantly, it depends on the distance between the comet and Earth.

      The dimmest arrangement is for Earth to be on the “wrong side” of the Sun when the comet reaches perihelion, the closest point to the Sun in its oval orbit. This happened with comet Halley’s 1986 visit, disappointing many people who wanted it to live up to legend. In 2061 Earth will be a bit closer than in 1986, making the comet look brighter in the night skies.

      But the brightest arrangement is for the comet to be at perihelion with Earth on the same side of the Sun. This happened in 1910 when Earth incidentally passed through comet Halley’s tail, frightening everyone who did not know chemistry.

      

      
        
        Dear Merlin,

      

      
        With all the information in the media about Halley’s comet, I’ve noticed no mention of other comets that also reappear. Could you come up with a top five comet list after Halley’s?

      

      
        
        C. Brown

        Sunnyvale, California

      

      

      

      Astronomers discover hundreds of comets a year. The category known as short-period comets are those that likely owe their origin to the Kuiper Belt of comets—home of Pluto—and complete their orbits within decades.

      Some notable short-period comets:

      
        
        name | designation | period (years)

        Encke | 1786 I | 3.3

        Tempel 2 | 1873 II | 5.4

        Faye | 1843 III | 7.5

        Kearns-Kwee | 1963 VIII | 9.5

        Tempel-Tuttle | 1866 I | 34

        Halley | 1682 I | 76

      

      

      Short-period comets don’t tend to be very bright. In fact, most are barely visible to the unaided eye, even at their brightest.

      The category known as long-period comets are those that will either never return or will return round the Sun in an unreasonable length of time—typically upward of thousands of years, and even longer. This population hails from the Oort cloud of comets and is Merlin’s favorite category because one or two of them are discovered every decade that are typically visible to the unaided eye.

      Some notable long-period comets:

      
        
        name | designation | period (years)

        Ikeya-Seki | C/1965 S1 | 800

        Kohoutek | C/1973 E1 | 80,000

        Bennett | C/1969 Y1 | 1,680

        Hyakutake | C/1996 B2 | 72,000

        Hale-Bopp | C/1995 O1 | 2,400

        ISON | C/2012 S1 | Ejected from the solar system

      

      

      If the statistics of comet discovery remain unchanged, then a person living an average lifetime (and who looks up) may see, without the help of a telescope, comet Halley once and up to twenty other long-period comets.

      

      
        
        Dear Merlin,

      

      
        At dusk one evening, earlier this year, two friends and I observed a large fiery object in the sky. It soon broke into smaller pieces, each of which left a long glowing streak across the sky. It was visible for about twenty seconds before it gradually faded out above the horizon. Did we see a meteor?

      

      
        
        Betty Lerch

        Middletown, Ohio

      

      

      

      Merlin is glad you had other witnesses. Often mental anguish occurs when you are the only witness to a spectacular, rare event and nobody believes you when you tell them what you saw.

      There is a type of meteor called a bolide, characterized by a fiery appearance and an explosion at the end of its streaking path. If the meteor starts out large enough, not the size of a pea but the size of a golf ball or larger, the rapid heating can cause it to explode and break into smaller, glowing pieces. When these meteors graze the atmosphere they will last considerably longer than their vertically falling cousins, which might be aglow for less than a second.

      It is also possible that you instead witnessed the disintegration trail of a dead satellite reentering Earth’s lower atmosphere. Thousands of artificial satellites orbit Earth. Many hundreds have reentered and will continue to do so.

      But based on the excellent details you provided, Merlin’s best guess is that you saw a bolide.

      

      
        
        Dear Merlin,

      

      
        If a short-periodic comet uses up some of its frozen center every time its tail is formed, what keeps it from getting smaller?

      

      
        
        L. Day

        Joshua Tree, California

      

      

      

      Nothing.

      Each time a comet rounds the Sun, it loses mass in the form of sublimated gases and dirt particles. These gases are what’s responsible for the comet’s visible coma and tail.

      Some estimates for comet mass-loss have been as high as a thousand tons per second for comet Kohoutek C/1973 E1. But with a total mass of hundreds of billions of tons, Merlin expects many happy returns for comet Kohoutek. Merlin may be there, but you may miss its next visit eighty thousand years from now.

      Short-period comets, however, tend to be feeble tail producers. They’ve been around the block so many times that rocks and dirt are most of what remains.

      We know that some comets have broken up completely. The Geminid meteor shower cannot be attributed to any existing comet and is believed to be the orbiting entrails of a comet that rounded the Sun once too many times.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        What causes meteor showers?

      

      
        
        Barbara. J. Irvin

        Austin, Texas

      

      

      

      Earth, in its annual journey around the Sun, plows through hundreds of tons of interplanetary debris per day. As the debris enters Earth’s atmosphere at speeds upward of ten miles per second, it rapidly slows down from friction. The energy of motion converts to heat, rendering the debris aglow before it disintegrates in a puff of vapor. When the particles that comprise the debris glow bright enough to be seen with the unaided eye, we call them meteors. Most are no bigger than a pea.

      The side of Earth that happens to face the direction of orbit always bears the load of this daily encounter, corresponding to the hours between midnight and noon. On any given clear night, especially after midnight, expect to see a good meteor streak every five or ten minutes. Without this protective blanket of Earth’s atmosphere, we would all, no doubt, carry meteor-collision insurance.

      Occasionally, Earth will cross a region of space when there is more debris than usual. Excess debris is often associated with the particle residue of comets that cross Earth’s orbit. These encounters occur every few minutes and are called meteor “showers.” They’re named for the constellation on the sky from where they appear to emanate.

      If the head of a comet—the dirtiest place in the solar system—happens to just pass Earth, or is about to pass Earth, vastly more debris rains down upon us, causing a rare meteor “storm,” where hundreds and, on occasion, thousands of meteors per hour descend toward Earth.

      Here’s Merlin’s list of Earth’s best meteor showers.

      
        
        name | peak shower (overnight dates)

        Quadrantids | January 3/4

        Lyrids | April 21/22

        Eta Aquariids | May 4/5

        Delta Aquariids | July 28/29

        Perseids | August 11/12

        Orionids | October 20/21

        Taurids | November 8/9

        Leonids | November 16/17

        Geminids | December 13/14
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      The Sun is rather ordinary. It is not the biggest or the smallest or the hottest or the coolest among stars in the Galaxy. In spite of this, the Sun is over a million times larger than Earth and is much too hot to visit. It is the direct and indirect source of energy for nearly all life on Earth and all fossil fuels. In official astronomers’ jargon the Sun is: Spectral Type G, Subclass 2, Luminosity Class V. (The cooler Draziw is K2V.) This coding precisely indicates the color, temperature, and size of a star.

      Close examination of the Sun’s visible surface reveals restless roiling gases, from which high-energy charged particles are persistently released. The equator completes a revolution faster than the polar regions, thus twisting and stretching the magnetic field lines embedded in the Sun’s outer layers of gas. Dark blemishes, sensibly called sunspots, emerge and disappear as they move across the Sun. The Sun’s surface also occasionally spews forth towering plumes of plasma called prominences and flares.

      Surprisingly, all of this activity is quite tranquil when compared to what the Sun will do when it nears death in about five billion years.

      

      
        
        Dear Merlin,

      

      
        How hot is the Sun?

      

      
        
        Elizabeth Young

        Baltimore, Maryland

      

      

      

      On the Fahrenheit temperature scale, the Sun ranges from a rather uncomfortable 18 million degrees in its core to a tepid 10,000 degrees at its visible edge.

      The Sun’s tenuous outer atmosphere, formally called the “corona” and which is rendered visible during a total solar eclipse, reaches temperatures as high as two million degrees.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        I am told that the Sun’s corona is millions of degrees while the visible surface is just 10,000 degrees Fahrenheit. How can this be? One would think that the farther one is from a source of heat, the cooler the temperature becomes.

      

      
        
        Andrew J. Smatko, M.D.

        Santa Monica, California

      

      

      

      Detailed studies of the Sun’s spectrum reveal rapid oscillations and pulsations in the visible edge of the Sun that send shock waves into and through the corona. Those shock waves, independent of the Sun’s core energy sources, efficiently heat this rarefied gas to two million degrees Fahrenheit.

      

      
        
        Dear Merlin,

      

      
        How does the Sun make its energy?

      

      
        
        Norman Hess

        San Diego, California

      

      

      

      The Sun converts over five million tons of matter into energy every second in accordance with Einstein’s famous equation, E = m c2. (Energy equals mass times the speed of light squared.)

      The Sun accomplishes this stupendous feat deep in its 18-million-degree-Fahrenheit core via the “proton-proton” cycle. While there, watch the nuclei of four hydrogen atoms, each a proton, fuse to form the less massive nucleus of one helium atom, comprised of two protons and two neutrons after two of the protons transform to become two neutrons.

      

      
        
        Dear Merlin,

      

      
        What is the “solar wind” and how fast does it travel through space?

      

      
        
        C. B. Shepherd

        Tujunga, California

      

      

      

      The Sun loses about one million tons of mass per second from its outer corona in the form of high-speed electrons, hydrogen nuclei, and helium nuclei. These charged particles reach Earth at a speed of a million miles per hour and are collectively called the “solar wind.”

      Not that you asked, but pressure from this solar wind forces the tails of comets to point away from the Sun regardless of the direction the comet is moving.

      

      
        
        Dear Merlin,

      

      
        What are the sunspots doing these days? Ever since I read an article about the effects of sunspots on stock market prices, I keep looking for data but seldom find it. Where are we in the current cycle?

      

      
        
        A. E. Brown

        Miami, Florida

      

      

      

      Humans find it irresistible to try and correlate cosmic phenomena with earthly events. Keep in mind, such thinking presumes that the Sun, Moon, and stars actually care about you, influencing your financial affairs and your love life. When things go bad, maybe it is just easier to pass the blame to the universe.

      The sunspot cycle, which goes from maximum count, through minimum, and back to maximum, lasts on average 11 Earth years. The publication date of Merlin’s Tour of the Universe happens to correspond with a peak in the Sun’s cycle, allowing you to count eleven-year increments thereafter.
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        Dear Merlin,

      

      
        A while back I read a very interesting statement about our solar system. The article stated that over 90 percent of the mass of the solar system is present in the Sun. Yet over 90 percent of the angular momentum of the system is found in the planets. This seems to be an astounding statement. I would like to know how a person can determine the angular momentum of the solar system. I would also like to know your explanation for this seemingly impossible statement.

      

      
        
        Jim Haglund

        Wheaton, Illinois

      

      

      

      Angular momentum is defined as the mass of an object, multiplied by its orbital distance, multiplied by its orbital velocity. That is:

      
        
        angular momentum = mass × orbital distance × orbital velocity

      

      

      The above equation works for circular orbits and becomes slightly modified for more elongated “elliptical” orbits. Each term on the right contributes to how large or small the angular momentum will be.

      The Sun has a huge mass, but minuscule “orbital” distance. It just rotates on its own axis. Conversely, even if your mass were small compared with the Sun, you can log a huge angular momentum if your orbital distance is large. Jupiter has both large mass and large orbital distance, giving the solar system 62 percent of its total angular momentum. The remaining seven planets contribute the rest.

      

      
        
        Dear Merlin,

      

      
        Each year I notice that the Sun rises and sets at the same hour (a.m. and p.m.) several days after the autumnal equinox in September. Why were not day and night equal on the equinox? Why the delay?

      

      
        
        Robert G. Wearner

        Moberly, Missouri

      

      

      

      Observant fellow.

      The equinox, from the Latin for “equal night,” is supposed to mean the entire Earth gets twelve hours of light and twelve hours of darkness, evenly splitting our twenty-four-hour day. Two important facts conspire to prevent you from experiencing this phenomenon on the equinox itself.

      
        
          	
        We define the time of sunrise as the first appearance of the Sun above the horizon. Call that its leading edge. The time of sunset should then be the moment that leading edge dips below the horizon—but it is not. It is defined when the last bit of the Sun dips below the horizon.
      

      	
        Earth’s atmosphere bends the sunlight (the way a half-submerged straw appears bent in a glass of water) in such a way that, from midlatitudes, true sunrise and sunset occurred about five minutes before you saw them.
      

      

      

      These two effects serve to add sunlight to the twelve hours of Sun you are supposed to get on the equinox. You can then expect “visual” equinox to occur a few days after the official autumnal equinox and a few days before the official vernal equinox.

      

      
        
        Dear Merlin,

      

      
        What is solar retrograde motion? Heard about it recently but I’m not sure I understand it.

      

      
        
        Steve Young

        New York City

      

      

      

      Every object in the solar system orbits the center of mass of the solar system. If the solar system—Sun included—were embedded in a cosmic platter, the center of mass would be the point under which you would have to place your finger to balance it all.

      That center of mass sits relatively close to the center of the Sun, found most of the time deep within the Sun’s surface. Normally, the planets and the Sun trace systematic loops around this center of mass. But the planets all have different masses, different distances, and different orbital speeds. About every 180 years the arrangement of planets is such that the Sun makes loops that do not enclose the center of mass.

      As seen from the solar system’s center of mass, for about 20 years the Sun would appear to move in the opposite direction—retrograde—against the background stars.

      Some have suggested this retrograde period excites solar activity, increasing sunspot counts above the expected numbers. Merlin remains unconvinced.

      

      
        
        Dear Merlin,

      

      
        Is it just a coincidence that the size of the Moon is the same as the size of the Sun in the sky as viewed from Earth’s surface?

      

      
        
        Bob Dupree

        Patterson, New York

      

      

      

      Yes.

      

      
        
        Dear Merlin,

      

      
        Why are solar eclipses considered so dangerous to look at?

      

      
        
        Nathaniel Lloyd Jr.

        Clarion, Pennsylvania

      

      

      

      The Sun is always dangerous to look at with the unprotected eye.

      During a solar eclipse, people might wish to run outside and look at the event without remembering to protect their eyes. Hence, the persistent warnings about the dangers of eclipses.

      If, for some reason, people wanted to run outside every day and stare wide-eyed at the Sun, then daily warnings would be just as necessary.

      

      
        
        Dear Merlin,

      

      
        If the Sun were to disappear all of a sudden, how much time would we have to think about it?

      

      
        
        C. W. Barnes Jr.

        Dallas, Texas

      

      

      

      If somebody plucked the Sun from the solar system, then Earth and you would be clueless for 500 seconds. Light and changes in gravity take that long to reach Earth’s orbit.

      After 500 seconds, the daytime sky will go dark, Earth’s surface temperature will plunge rapidly, and Earth will fly off at a tangent.

      No need to fret. In those 500 seconds available to you to think about your fate, you would not have known to think about your fate.
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        Dear Merlin,

      

      
        I am told that when the Sun dies it will become a red giant. When this happens, what will happen to Earth?

      

      
        
        G. Frazier

        Piscataway, New Jersey

      

      

      

      Approximately five billion years from now, when the Sun exhausts the hydrogen fuel in its core, it will enter the red giant phase. The Sun’s outer layers will expand by a factor of 200 times their present diameter—engulfing the entire orbits of Mercury and Venus while lethally approaching Earth. Earth’s oceans will evaporate into the atmosphere. Earth’s atmosphere will then evaporate into space as our surface temperature rises to 5,000 degrees Fahrenheit, matching that of the Sun. The excess solar atmosphere in our path will cause our orbit to decay, as we become a glowing, charred ember swallowed by the Sun.

      Have a nice day.

      

      
        
        Dear Merlin,

      

      
        What would happen to Earth if the Sun became a supernova?

      

      
        
        Thomas A. Smyth

        Washington, D.C.

      

      

      

      Everything we know about supernovae tells us the Sun will never meet this fate. Its mass falls far short of what is required to drive nuclear fusion reactions in its core from hydrogen to helium, through to iron—the catalyst of many supernovae.

      But if your morbid curiosity still wants to imagine such a thing, the Sun would increase in luminosity a billionfold in an explosion of cosmic proportions. The inner regions of the Sun (more descriptively called the “guts” in this scenario) would be scattered throughout interplanetary space, further enriching gas clouds with the myriad of heavy elements forged in the crucible that was once the Sun’s core.

      Amid all this activity, Earth’s surface would vaporize, and the ball that survived would escape the solar system from the abrupt drop in the Sun’s mass and attendant gravitational field.

      

      
        
        Dear Merlin,

      

      
        Planets orbit the Sun. As I understand it, the Sun has its own orbit around the Galaxy that is perpendicular to the planets. How can this be?

      

      
        
        Fred L. Radir

        Orlando, Florida

      

      

      

      It is not magic. The planets, along with everything else that orbits the Sun, also orbit the center of the Milky Way at exactly the same rate. And so, yes, everybody is tracking two orbits at the same time.

      Since the plane of the solar system is indeed nearly perpendicular to its path around the galactic center, you can envision the planets tracing the coils of a spring or, if you prefer, a cosmic corkscrew with the Sun moving along its center line.
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        Look up dear friend. What do you see?

        I see autos and streetlights and smog without end.

        Higher dear friend. Now what do you see?

        I see buildings and airplanes and clouds now and then.

      

        

      
        Up and out and beyond all this

        Is sky and space, you won’t want to miss.

        Now I see, I see. I behold it all.

        Was I blind all these years? Did I miss my call?

      

        

      
        I see the Sun as it sets while twilight descends.

        I see Venus and Mars as dusk comes to end.

        Meteors! And moonbeams! More stars than the streetlights.

        It all twinkles and gleams. I’m flush with delight.

      

        

      
        I’m now a StarGazer. It’s the source of my bliss.

        ’Cause I looked up and out and beyond all of this.

      

      

      

      
        
        Dear Merlin,

      

      
        Why can’t we see stars in the daytime?

      

      
        
        Milt Larson

        Atlantic City, New Jersey

      

      

      

      The Sun is very much a star and is plainly visible in the daytime.

      The rest of the stars simply are not bright enough. Much of the blue light carried by the Sun’s rays gets filtered out and scattered by Earth’s atmosphere. This scattered blue light gives the daytime sky its characteristic light-blue glow, which prevents the detection of other stars.

      On the Moon, where there is no atmosphere to scatter sunlight, the daytime sky is filled with stars.

      

      
        
        Dear Merlin,

      

      
        Why do stars twinkle?

      

      
        
        F. Bowen,

        Wilmington, Delaware

      

      

      

      Most stars in the night are so far away that they should appear only as a tiny point of light after traveling many trillions of miles to reach us.

      But by the time this tiny point of light passes through the 200 miles of exosphere, thermosphere, mesosphere, stratosphere, and troposphere, the starlight is jiggled and wiggled and smudged and smeared by the different light-bending properties within and among these various layers of Earth’s atmosphere.

      When the light reaches your eyeball, you are then likely to say, “Twinkle, twinkle, little star . . .”

      That being said, never, ever tell an astronomer who is about to go observing, “May all your stars be twinkling!” Twinkling stars are bad for science, which is why astronomers spend billions of dollars putting telescopes into orbit, high above Earth’s offending atmosphere.

      

      
        
        Dear Merlin,

      

      
        If Earth’s atmosphere causes starlight to appear to twinkle, why does it not have the same effect on planets?

      

      
        
        Bradley Morrison

        Lewis, Colorado

      

      

      

      Earth’s atmosphere causes starlight to twinkle by actively jiggling and wiggling the star’s position on the sky when viewed from Earth’s surface. These jiggles and wiggles are greater than the width of the star’s native pinpoint image—so the star does a twinkle dance on the sky.

      The light from planets, however, enters Earth’s atmosphere not as pinpoints of light but as much larger disks. Twinkling for them diminishes simply because the jiggles and wiggles are smaller than the planet’s circular size on the sky. Although it’s still bad when viewed through a ground-based telescope since the conditions that twinkle stars also blur planetary surfaces.

      

      
        
        Dear Merlin,

      

      
        How many stars are visible to the naked eye?

      

      
        
        B. Schultz

        Roanoke, Virginia

      

      

      

      Find anywhere between five and six thousand individual stars visible to the unaided eye in the entire sky. The exact number depends on how good your night vision is. Of course only half of these are ever visible at any moment because Earth itself prevents you from seeing the other half of the sky below your feet.

      The number of visible stars goes up rapidly (from thousands to millions) with even the most feeble of pocket binoculars. Indeed, with the largest of today’s telescopes the sky is not the limit.

      

      
        
        Dear Merlin,

      

      
        If the Sun could be “turned off” on any given day, what would the daytime sky look like in terms of the identity and patterns of the stars and planets we could then see as compared to the night sky?

      

      
        
        E. Rager

        Dallas, Texas

      

      

      

      It is not very easy to turn off the Sun. And even if you could, Merlin does not recommend it. Instead, Merlin suggests that you:

      
        
          	
        Choose a time and day of the year (like noon today) to go outside and look up at the clear blue sky.
      

      	
        Next, go home for exactly six months.
      

      	
        Then, go back outside at midnight and look up at the star-filled sky.
      

      

      

      Except, perhaps, for a planet or two that may have wandered in and out of view during the past half year, that is the exact sky you couldn’t see when all you saw was sky blue six months earlier. While Earth orbits the Sun, the hidden daytime sky changes continuously as our sight line on the Sun places it across different stellar backgrounds.

      In short, it takes exactly six months for the day sky to shift completely to the night sky and, of course, for the night sky to shift to the day sky.
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        Dear Merlin,

      

      
        How come so many of the constellations in the sky don’t look like the objects and animals they are supposed to represent?

      

      
        
        B. Marshall

        Minneapolis, Minnesota

      

      

      

      The Chaldeans, Babylonians, Greeks, Egyptians, and Romans of two to four thousand years ago all share the blame for the celestial menagerie that remains today. Connecting the dots is easy. But inventing what they look like is hard work and requires vivid imagination. Back in 600 b.c., Merlin met a fellow in Corinth who was the first person to label the constellation of Pegasus, already part of Greek legend. He said he really did see an upside-down white flying horse with wings on the sky.

      Merlin then backed away slowly.
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        Dear Merlin,

      

      
        What constellations does the Sun pass in front of during the year? I’ve heard conflicting answers.

      

      
        
        J. R. Musgrove

        Omaha, Nebraska

      

      

      

      The horoscopes that so many people are compelled to read were properly aligned with the position of the Sun over two thousand years ago, when the Babylonians and the Chaldeans first divided the zodiac into twelve parts. A bit later (circa a.d. 150), an Alexandrian mathematician and good friend of Merlin, Claudius Ptolemy, formally codified the mythological figures and animals that we know today, setting loose legions of astrologers who were sure all of this should matter to your personal life.

      Since then, however, Earth has precessed on its axis by about one-twelfth of a full wobble. This shifts by one month the correspondence of the zodiac with the position of the Sun against background constellations.

      Not only that, contrary to popular astrological belief, the Sun’s annual path crosses fourteen constellations, not twelve, after the International Astronomical Union (IAU) refined all constellation boundaries in 1930. Further, the actual constellation boundaries are jagged and not uniform.

      In sequence, beginning with the period that encloses March 21—the first day of spring—known by astrologers as the “First Point of Aries,” we get:

      
        
        March 12–March 26:Pisces

        March 27–March 27:Cetus

        March 28–April 18:Pisces

        April 19–May 13:Aries

        May 14–June 20:Taurus

        June 21–July 19:Gemini

        July 20–August 9:Cancer

        August 10–September 15:Leo

        September 16–October 30:Virgo

        October 31–November 22:Libra

        November 23–November 29:Scorpio

        November 30–December 18:Ophiuchus

        December 19–January 20:Sagittarius

        January 21–February 16:Capricorn

        February 17–March 11:Aquarius

      

      

      Notice that the First Point of Aries is now in the constellation Pisces. And during that time, the Sun leaves Pisces for a day to kiss the edge of Cetus before it continues on through Pisces. Further, the Sun spends more time passing through Ophiuchus than Scorpio. So astrologically, most Scorpios are actually Ophiuchans, and all Scorpios and Ophiuchans are currently Librans.

      

      P.S. If it was not otherwise obvious, there is nothing logical about things astrological.

      

      
        
        Dear Merlin,

      

      
        How do I use video to film constellations?

      

      
        
        C. Robert Hickman

        Atlantic, Virginia

      

      

      

      Video and motion picture cameras were invented to record things in motion. The individual stars of each constellation are certainly in motion, but due to their vast distances, you’d need to film them for thousands of years to notice any change at all.

      Unlike regular cameras, video and motion picture cameras cannot increase their “exposure” time. They are normally limited to 24 or 30 frames per second. To accumulate light from dim objects, you could instead take long-exposure images. Try parking your camera on a tripod and exposing for several minutes. Aim for some of the brightest stars in the most prominent constellations, such as Orion, Cassiopeia, Sagittarius, Scorpius, and the Big Dipper of Ursa Major. You could also take much longer exposures—a half hour or more. Doing so captures yourself in motion, as the starlight leaves trails across your photo caused by the rotating Earth.

      

      
        
        Dear Merlin,

      

      
        How many constellations are there? It seems like there could be quite a few.

      

      
        
        Gerald Hardy

        Chevy Chase, Maryland

      

      

      

      Most ancient civilizations of the world enjoyed their own ensemble of constellation names and attendant sky lore. In the 20th century, the International Astronomical Union officially recognized 88 constellations—strongly influenced by Western cultures—that cover the entire sky. Most of the names were first established nearly two thousand years ago, although a bunch from the Southern Hemisphere skies joined much later.

      Many are dim, like Corvus (the Crow) and Pavo (the Peacock). Some are boring, like the two-star constellation Telescopium (the Telescope) and the three-star constellation Triangulum (the Triangle). Others require extraordinary imagination to identify, like Apus (the Bird of Paradise) and Horologium (the Pendulum Clock).

      The largest constellation is the long and winding Hydra (the Water Snake)—covering more than 1,300 square degrees on the sky. Frankly, it looks like the sky that was leftover after other constellations were delineated. And what better creature than a snake, to snake around the spaces leftover from other constellations. The smallest constellation is Crux (the Southern Cross)—covering a mere 68 square degrees—your fist at arm’s length would cover it completely.

      Merlin would like one day to see all constellations updated to fresh references that might include names such as: the Smart Phone, the Astronaut, the Ice Cream Cone (if there are two, we could, of course, call them Conus Major and Conus Minor), and perhaps the French Poodle.
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        Dear Merlin,

      

      
        How did the ancients know that the Sun was in Capricorn at the winter solstice several thousand years ago?

      

      
        
        George Record

        Ndanda Lindi, Tanzania

      

      

      

      Merlin is pleased to hear from Southern Hemisphere stargazers.

      In modern times, the Sun begins to cross in front of the constellation Sagittarius around December 19. It remains there for December 21, the winter solstice, and doesn’t cross in front of Capricorn until about January 21.

      Back when all constellations of the zodiac were shifted from their present calendar positions, this would have put the Sun in Capricorn during the winter solstice and in Sagittarius during the preceding month.

      Of course, the ancients couldn’t see the stars of the constellation Capricorn when the Sun was passing in front of it. But a careful study of stars in the east just before sunrise and in the west just after sunset on the winter solstice would show the two constellations (Sagittarius and Aquarius) that flank Capricorn in the zodiac. With this method you can easily infer what constellation sits behind the Sun for any day of the year.

      

      
        
        Dear Merlin,

      

      
        The Tropic of Cancer is as far north as the Sun comes and the Tropic of Capricorn is as far south as it goes. Does the Moon go farther north or south than the Sun?

      

      
        
        James F. Jackson

        Carlisle, Indiana

      

      

      

      There is very much that is tilted in the solar system.

      The Moon’s orbit tilts five degrees from Earth’s equator. Earth’s equator tilts 23½ degrees from the plane of Earth’s orbit around the Sun. The Moon can therefore journey up to 28½ degrees north or south of wherever the Sun happens to be.

      We call the Sun’s path the ecliptic for one very good reason: When the Moon crosses the path of the Sun (en route from south to north or north to south), an eclipse can occur. If the Moon’s phase happens to be new, you get a solar eclipse. And if the Moon happens to be full you get a lunar eclipse.

      Cool fact: Had the Moon’s orbit been tilted zero instead of 28½ degrees from the plane of Earth’s orbit, then you would get a total solar eclipse for every new Moon and a total lunar eclipse for every full Moon, turning an uncommon spectacle into a boring monthly occurrence.

      

      
        
        Dear Merlin,

      

      
        If I were to go and stand directly on Earth’s equator during the evening, which constellations would I see: the ones in the Northern Hemisphere, or the constellations in the Southern Hemisphere?

      

      
        
        Julie Jones

        Berkeley Springs, West Virginia

      

      

      

      Equatorial residents are the only people on Earth who can see both the entire northern sky and the entire southern sky across the year.

      Merlin’s friend Santa, when he is at home, sees only the northern sky.

      The penguins of Antarctica see primarily the southern sky, and only a little bit of the northern sky, depending on how far from the South Pole they waddle.

      

      
        
        Dear Merlin,

      

      
        In April 1986, my wife and I were in Chile to see Halley’s comet, but what we

        saw were two fuzzy comet-looking things. What were they?

      

      
        
        J. O’Brien

        Denver, Colorado

      

      

      

      Merlin is worried that in your trip to Chile you may not have seen comet Halley at all—if all you saw were two fuzzy things.

      From Chile’s vantage point in the Southern Hemisphere, you should have seen four fuzzy things in the night sky.

      If comet Halley was one of the fuzzy objects, then the second object you saw was probably the titanic globular cluster Omega Centauri. Comet Halley passed close to its position on the sky back in April 1986.

      The other fuzzy objects are the two closest galaxies in the universe to your own Milky Way, and they are near each other on the sky. Ferdinand Magellan was first among Europeans to write about them during the Southern Hemisphere interval of his round-the-world trip.

      Merlin just happened to be on that voyage and overheard Magellan describe the objects as “clouds,” and they are named in his honor. The larger (and brighter) of the two is called the Large Magellanic Cloud. The other is called the Small Magellanic Cloud.

      

      
        
        Dear Merlin,

      

      
        If the solar system is part of the Milky Way galaxy, what does it mean when people say they see the Milky Way in the nighttime sky?

      

      
        
        Marjorie Holder

        New Orleans, Louisiana

      

      

      

      If you’ve ever made blueberry pancakes, you may have noticed that the berries poke out from the top and bottom. If you were the blueberry, you would observe dense pancake in a circle around you and very little pancake above and below.

      Earth is as much a part of the Milky Way galaxy’s disk as your blueberry is part of its pancake.

      When people observe the Milky Way, they see a band of light—the collective light of billions of stars—that encircles Earth in the nighttime sky. Outside of this band, where there are fewer stars, the sky is considerably darker. The Milky Way’s dense spiral disk is flatter than most pancakes, so in dark skies, this effect is quite pronounced. City people, upon first seeing the Milky Way on the sky, typically wonder whether puffy clouds have moved in.

      

      
        
        Dear Merlin,

      

      
        I once read a book that mentions in passing that Venus was once used by sailors to navigate during the day. What does Merlin have to say on this topic?

      

      
        
        John Bridges

        Grand Prairie, Texas

      

      

      

      The planet Venus can be seen easily in broad daylight if you have a small telescope or a good pair of binoculars, and if you know where to look.

      To navigate this way, however, is quite unnecessary in the daytime because the Sun and Moon—neither of which require a telescope—are available for this purpose.

      If you need some excuse to navigate with Venus, then Venus, which never wanders far from the Sun on the sky, is nearly always visible during the evening or morning twilight, when the Sun is below the horizon and the sky is too bright to see many stars. During this half hour or so, Venus is alone and visible to the unaided eye, glowing brightly in the twilight skies. Often Venus is so bright—brighter than airplane lights—that it attracts phone calls to police departments by people claiming to see a hovering UFO.

      Otherwise, Venus is typically the first “star” to be seen at night, fooling many people into wishing upon it. But Venus is a planet, so that is one of the reasons why none of your wishes ever came true.

      

      
        
        Dear Merlin,

      

      
        My son and I are making a sundial / sun calendar for a school science project. We noticed that the longest shadows did not occur on or about December 21—it looks like maybe January 5 or so had the longest shadow. There are many measurements which seem to indicate this. Could this be true or have we made a mistake gathering the data?

      

      
        
        Robert J. Fritz

        Buda, Texas

      

      

      

      Merlin suspects that you took all your readings at 12 noon.

      If you adjust for how far away you are from the center of your time zone and if you correct for daylight saving time, then the Sun will be at its highest point at 12 noon only four days of the year. All other days the Sun reaches its highest point a few minutes before noon or a few minutes after noon. These daily variations stem in part from Earth’s changing orbital speed during its elliptical journey around the Sun.

      The longest shadows of the year do occur on December 21—they just don’t occur at 12 noon. Your noon readings on January 5 caught the Sun before it reached its highest point (at a point lower than the noon Sun on December 21) thus generating the longest noon shadow of the year.

      The exact mathematical relationship for these noon variations bears the lofty name “the Equation of Time” and is graphically represented by a figure 8. Commercial sundials typically have this symbol etched somewhere on them, while map and globe makers always seem to float it somewhere in the Pacific Ocean.

      

      
        
        Dear Merlin,

      

      
        How is it that the North Star can remain the North Star over Earth’s pole when Earth is revolving around the Sun? Is it because the diameter of the circle caused by Earth’s revolution is negligible?

      

      
        
        Adele Rountree

        Beeville, Texas

      

      

      

      Yes. The 186-million-mile diameter of Earth’s orbit is teeny when compared with the three quadrillion miles to Polaris, the North Star.

      

      
        
        Dear Merlin,

      

      
        Is there a pole star for the South Pole the way Polaris is the pole star for the North Pole?

      

      
        
        Jennifer Regan

        Fort Worth, Texas

      

      

      

      The star Sigma Octantis sits closer to the point on the sky directly above the South Pole than Polaris does in the north. But that star is dim, dull, and boring, checking in at twenty-four times dimmer than Polaris, itself a star that doesn’t even make it into the top 40 stars on the night sky. So hardly anybody pays attention to Sigma Octantis.

      

      
        
        Dear Merlin,

      

      
        If satellites in orbit are stationed over some point on Earth, then why, on a dark night, do we see them streaking across the sky?

      

      
        
        Sonny Quintanilla

        San Antonio, Texas

      

      

      

      Communication satellites typically have orbits large enough for their orbital period to equal Earth’s rotational period.

      Other satellites (reconnaissance, military, geological, meteorological, etc.) orbit Earth in a few hours or less and can be seen crossing the sky deep into the dusk of sunset, and early in the dawn of sunrise. They are easy to spot because they move fast, they do not blink, they do not have red-and-green wing lights, and they do not come in for a landing at your local airport.

      Being so high up, they simply reflect the sunlight they see during twilight, even though the Sun is below the horizon for you.

      

      
        
        Dear Merlin,

      

      
        When will the next total solar eclipse occur that will be visible to North Americans? (Nontravelers, of course.)

      

      
        
        G. K. Stanton

        Norman, Oklahoma

      

      

      

      Merlin does not know how old you are now, but if you eat well and wear a seat belt while driving, you may be around for the next total solar eclipse that passes through Oklahoma—on August 12, 2045, no sooner. On that day a solar eclipse, otherwise known as the Moon’s shadow, will sweep eastward across the entire United States at more than 1,000 miles per hour from California to Florida.

      If that wait is not OK, Merlin’s got nothing for you before then—unless you travel. If the world is at your disposal, and you do not mind leaving Norman, Oklahoma, then there is a total solar eclipse somewhere, on average, every couple of years.

      In spite of what practically every headline tells you, total solar eclipses are not rare—occurring at the same frequency as the Olympics. Yet the press never announces, “A Rare Olympics Is Coming!” The urge to think events in the sky are cosmically special knows no bounds, just like the human ego.
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            GRAVITY

          

        

      

    

    
      Gravity, the weakest of the four forces of nature, is the “glue” of the universe. The other three are the strong and weak nuclear forces, and electromagnetism. All objects attract all other objects no matter how small or how far. The first understanding of this cosmic force came from Sir Isaac Newton. From his theory of gravity, one can derive the reasons why stars are round, why planets orbit in ellipses, why objects that are tossed follow arched paths, why you are weightless when you are in orbit, why near satellites orbit quickly, why far satellites orbit slowly, why you weigh less on the Moon, and why you weigh more on Jupiter.

      In the realm of the mundane, Newton’s theory of gravity even describes why you weigh less after you have successfully dieted: you now have less mass; you and Earth no longer attract each other as strongly as before; this force of attraction on Earth’s surface is the definition of your weight; therefore you weigh less. So when people want to lose weight, they could just travel to the Moon and weigh one-sixth what they would on Earth, but what they really want to do is reduce their mass. Thus all weight-watchers are really mass-watchers.

      

      
        
        Dear Merlin,

      

      
        What is the real story about Isaac Newton and the apple? I’ve heard a lot of contradictory tales.

      

      
        
        B. A. Milsap

        Long Island, New York

      

      

      

      Merlin recently had a chat with Sir Isaac Newton about his discovery of the laws of gravity. It was the year 1710 in the backyard of his Lincolnshire home in the English countryside.

      
        
        Newton: Merlin, I went to sit under a tree to contemplate the cosmos when I saw an apple fall from the branch of my Flower of Kent apple tree, yonder. The Moon happened to be visible in the sky the moment the apple fell. I then postulated that the same law of gravity that attracted the apple to Earth also kept the Moon in orbit.

        

        Merlin: Whaaat? You mean you were never really hit in the head with an apple?

        

        Newton: If I had been hit in the head with an apple while contemplating the cosmos, my only revelation would have been to sit under a different tree!
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        Dear Merlin,

      

      
        Where on the surface of planet Earth is the force of true and apparent gravity equal?  Is it the North Pole, South Pole, or the Equator?  Could it be 30 degrees south of the equator or 30 degrees north of the equator?

      

      
        
        David E. Hendrick

        Lemon Grove, California

      

      

      

      The only places where you weigh what Earth’s mass wants you to weigh are on the North and South poles. Yes, Santa is the only person on Earth who routinely knows his exact gravitational weight.

      At any other latitude, spanning the poles to the equator, the centrifugal force of Earth’s rotation subtracts weight from what the pure force of gravity would give you.

      Cool fact: If Earth rotated sixteen times faster than it currently does, then centrifugal forces at the equator would render everyone there weightless.

      

      
        
        Dear Merlin,

      

      
        Could you throw a rock from a spaceship and get it into Earth orbit?

      

      
        
        Sean Bishop

        Concord, California

      

      

      

      That all depends on the location and velocity of your ship when you throw the rock.

      If your spaceship is parked on the launchpad, then all you need do is toss the rock at 17,500 miles per hour east toward Earth’s horizon. It will immediately enter low Earth orbit.

      If your spaceship is already in orbit above Earth, then just roll down the window and place the rock outside. It will remain near the window in orbit around Earth with the ship.

      If your spaceship is traveling through a distant part of the universe, en route to another galaxy, then you may no longer be concerned about throwing rocks around Earth.

      

      
        
        Dear Merlin,

      

      
        How fast does the pull of Earth’s gravity decrease as one leaves Earth’s surface?

      

      
        
        David Miller

        Pittsburg, California

      

      

      

      Merlin once asked Isaac Newton about the gravitational force of attraction. Isaac responded,

      
        
        If spheres be however dissimilar . . . I say that the whole force with which one of these spheres attracts the other will be inversely proportional to the square of the distance of the centers.

      

      

      He later published this idea in 1686 as Proposition LXXVI in his seminal opus, Principia, Book I.

      If we apply Newton’s law of gravity to you and Earth, where you are the “dissimilar sphere,” we find that every time you triple your distance from Earth’s center, the force drops to one-ninth of its previous value. If you quadruple your distance, the force drops to one-sixteenth, and so forth. Forever getting less and less, but never reaching zero strength.

      If you are just going up and down elevators, or in and out of mine shafts, your distance to Earth’s center doesn’t change very much relative to Earth’s size, so variations in the force of gravity are correspondingly small and barely measurable.
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        Dear Merlin,

      

      
        If the astronauts on the International Space Station are still within the gravitational pull of Earth when they are in orbit, then how can they be weightless?

      

      
        
        Jonathan Levy

        Orlando, Florida

      

      

      

      Any object that finds itself falling freely toward Earth’s surface will be weightless.

      If a freely falling astronaut, a few hundred miles above the ground, also happens to have a sideways motion of 17,500 miles per hour (kindly provided by the Space Station), then the astronaut will fall toward Earth at the same rate that Earth’s round surface curves away. This condition is commonly called an “orbit.”

      

      
        
        Dear Merlin,

      

      
        If an object in orbit around Earth is considered to be in “free fall,” then why is it not accelerating and eventually overcoming the fallaway of the round surface of its host?

      

      
        
        John Simbles

        Sacramento, California

      

      

      

      In physics, an acceleration can be an increase in speed, a decrease in speed, and/or a change in the direction of motion. An object in circular orbit around Earth is accelerated by Earth’s gravity in a way that changes its direction of motion but not its speed.

      As you may have guessed, Merlin’s good friend Sir Isaac Newton first figured out how to launch something into orbit. Not published until 1728, a year after his death, the book was titled A Treatise of the System of the World.

      

      
        
        Dear Merlin,

      

      
        What does it mean when a satellite has been lifted to a “geosynchronous” orbit?

      

      
        
        Paul Kronkosky

        Houston, Texas

      

      

      

      The farther above Earth’s surface a satellite orbits, the longer it takes to complete an orbit. At the altitude of about 23,000 miles, a satellite requires 23 hours and 56 minutes to orbit Earth. Earth takes 23 hours and 56 minutes to rotate. This arrangement permits a satellite to “hover” over a chosen spot of Earth’s surface.

      Communication satellites are routinely given geostationary orbits. But if, after any number of orbits, Earth’s rotation matches back up with the satellite’s orbital period—such as one rotation per two orbits, or two rotations per three orbits—then the two are said to be geosynchronous. A geostationary orbit is therefore a special case of a geosynchronous orbit.

      

      
        
        Dear Merlin,

      

      
        Why is the 23,000-mile altitude for a satellite in geosynchronous orbit so special? Why cannot satellites be at, say, 30,000 miles and have a larger orbital speed that will still keep them in geosynchronous orbit?

      

      
        
        T. Wignarajah

        Tamuning, Guam

      

      

      

      For every altitude above Earth’s surface, only one speed will sustain a circular orbit for a satellite or for anything else.

      If you tried to speed up that satellite, at that altitude, it will simply jump to a higher orbit and travel slower than it did before. If you try to slow it down, the satellite will fall to a lower orbit and travel faster than it did before.

      Satellites with very low elevation travel about 17,500 miles per hour and complete an orbit in about 90 minutes. Satellites in geostationary orbit travel about 7,000 miles per hour and, of course, complete their orbit in the 23 hours, 56 minutes rotation period of Earth.

      

      
        
        Dear Merlin,

      

      
        What is the “tidal force”? Is it some other kind of force or is it really related to oceanic tides?

      

      
        
        Beth Ann Martin

        Pittsburgh, Pennsylvania

      

      

      

      Nothing special or exotic there. Tidal forces come from ordinary forces of gravity.

      A planet (or any object) will feel a tidal force if one side of it sits closer to a source of gravity than the other side. Gravity will then pull stronger on the nearer side than the farther side, and the planet will feel stretched toward the source of gravity. We call this effect the “tidal force.”

      Tidal forces caused by the Moon and Sun are not strong enough to rip apart the solid earth, but the liquid oceans do bulge quite readily to form the common “tides.” The daily high and low oceanic tides are always the net result of lunar and solar tides added together. The highest of the high tides in a month occurs when the solar tides add in direct line to lunar tides. This happens during both the full Moon and new Moon phases. You can’t see the new Moon, which leaves casual observers to erroneously think that the full Moon itself wields extra power to raise tides.

      

      
        
        Dear Merlin,

      

      
        I read that the planetary probe Pioneer 10 was accelerated to the velocity of escape for the solar system by the gravitational field of Jupiter. According to my understanding of Newton’s laws, Pioneer 10 after fuel burnout has constant total energy—kinetic plus potential. If Pioneer 10 did not have escape energy at the moment of burnout, the gravitational field of Jupiter could not give it to it. Jupiter’s field merely causes the ratio of kinetic to potential energy to change with time. Can you point out the fallacy in this reasoning?

      

      
        
        Philip Hayward

        Gaithersburg, Maryland

      

      

      

      Yes.

      Depending on the exact trajectory of Pioneer 10, it can acquire extra speed that is up to, but does not exceed, the orbital speed of Jupiter. It is called a gravitational slingshot or, more accurately, a “gravity assist,” which actually robs orbital momentum from Jupiter during the flyby.

      Not to worry. Jupiter is more massive than all other planets combined and has plenty of momentum to forfeit to Earth’s puny planetary probes. After each flyby, Jupiter remains essentially unfazed in its appointed orbit.

      A total of five space probes have achieved the solar system’s escape velocity with the help of Jupiter: Pioneer 10 and 11 (launched in 1972 and 1973), Voyager 1 and 2 (both launched in 1977), and the New Horizons probe to Pluto (launched in 2006).

      

      
        
        Dear Merlin,

      

      
        I have often wondered and marveled at the ability of unmanned spacecrafts to get so close to other planets. How are they able to get so close to those far-away objects without running out of fuel? What makes them so accurate?

      

      
        
        Steve Fisher

        Costa Mesa, California

      

      

      

      Most of the time, spacecrafts do not burn fuel at all. They just coast to their destination after the last rockets fire. In the vacuum of space, there is no air friction or road obstacles. So once you’re set into motion, gravity is the only force that guides your trajectory.

      If you want to catch a planet, you don’t aim straight for where it is, because by the time you get there, the planet will be somewhere else in its orbit. After a careful study of the planet’s orbit and after you compensate for Earth’s orbital speed and position, just aim to where you expect the planet to be when you get to its orbit.

      If you now make small adjustments in your trajectory (remembering that as you approach, the gravitational influence of the target planet grows), you can choose to land your craft by aiming straight at the planet. You can also “fly by” the planet by plotting your trajectory slightly to the side. Depending on the details of your adjustments, the planet’s gravity will either capture you in orbit, or it will swing you around the planet and jettison you back into space in another direction.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        Would the spacecraft Pioneer 10be able to detect a planet beyond the orbit of Pluto by gravitational influence if the possible planet was on the opposite side of the Sun when Pioneer 10 crossed its orbit?

      

      
        
        Daniel Coleman

        Houston, Texas

      

      

      

      No.

      

      
        
        Dear Merlin,

      

      
        What is the fastest object that humans have ever sent into space?

      

      
        
        Marylin Rivera,

        San Antonio, Texas

      

      

      

      On September 27, 2023, after an earlier gravity assist from Venus, NASA’s Parker Solar Probe reached nearly 400,000 miles per hour (110 miles per second) as it swooped within 4.5 million miles of the Sun’s surface. This is the fastest human-made object ever.

      Before you get excited, that speed amounts to only about 1/20 of 1 percent the speed of light. If you hitched a ride and aimed for Alpha Centauri, the closest star system to the Sun, the trip would last 6,700 years.

      Keep working on those warp drives.

      

      
        
        Dear Merlin,

      

      
        Does the Sun’s gravity end at Pluto?

      

      
        
        G. Thorndike

        Troy, New York

      

      

      

      If the Sun’s gravity ended at Pluto, then we would have lost Neptune back in 1979, when Pluto, with its embarrassingly flattened oval orbit, crossed the orbit of Neptune.

      The Sun also harbors a spherical region of orbiting frozen debris that extends halfway to the nearest stars. Called the Oort “cloud,” it contains the Sun’s primary source of long-period comets. The Sun’s grip on them is tenuous, but real.

      Apart from that convincing evidence, Isaac Newton’s universal law of gravitation shows that the Sun’s gravity will get weaker and weaker the farther out you go—but will never reach zero.
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            STARS

          

        

      

    

    
      Stars lead relatively tranquil lives yet undergo rather traumatic deaths.

      Their energy is produced by the thermonuclear fusion of elements. Stars with a fraction of the Sun’s mass use their available “fuel” quite efficiently. Some of these stars are expected to live trillions of years.

      Stars as massive as the Sun will eventually exhaust their fuel and swell up a hundredfold like an enormous beach ball. Ultimately, the expanded outer shell of gas lifts away to lay bare a small dense white-hot core—the white

      dwarf.

      Stars several times more massive than the Sun will also swell a hundredfold, but their fuel consumption occurs rapidly and exotically. The core of these stars is an alchemist’s dream. Via thermonuclear fusion, they convert hydrogen to helium, helium to carbon, and carbon to nitrogen, oxygen and silicon . . . all the way to the element iron. At iron, fusion absorbs energy rather than radiates it. The star collapses under its own weight and recoils with an explosion of enormous energy—the supernova.

      Stars many times more massive than the Sun live similar lives to those that go supernova. But for these stars, when they collapse, they do not recoil. They collapse continuously to form a gravitational hole in space from which light does not escape—the infamous black hole.

      

      
        
        Dear Merlin,

      

      
        Is there a chance that another star will one day collide with the Sun?

      

      
        
        Katheryn Beck

        Olympia, Washington

      

      

      

      Yes.

      But you should know that if there were just four snails randomly carousing across the continental United States, then it is more likely for two of them to accidentally bump into each other than it is for another star and the Sun to collide.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        How big is the biggest star?

      

      
        
        Paul Milstead

        Lawrence, Kansas

      

      

      

      The class of stars called “supergiants” heads the list of biggest stars. Most prominent among them is UY Scuti, the largest known star in the Galaxy, found in the constellation Scutum, the Shield.

      If it were hollow, you could pour five billion suns into its volume.

      If you replaced the Sun with UY Scuti, it would engulf the entire orbits of Mercury, Venus, Earth, Mars, the asteroid belt, and Jupiter, just kissing the orbit of Saturn.

      Merlin thinks UY Scuti should instead be called a super-duper giant.

      

      
        
        Dear Merlin,

      

      
        Are red giants red because they are hotter than the Sun?

      

      
        
        Evelyn Chambers

        Portland, Oregon

      

      

      

      No. They are red because they are cooler than the Sun.

      
        
        On canvas with paint

        In the Artist’s school

        It’s red that is hot

        And blue that is cool.

      

        

      
        But in science we show

        As the heat gets higher

        That a star will glow red

        Like the coals of a fire.

      

        

      
        Raise the heat some more

        And what is in sight?

        It’s no longer red.

        It has turned bright white.

      

        

      
        Yet the hottest of all,

        Merlin says unto you,

        Is neither white nor red

        When the star has turned blue.

      

      

      

      
        
        Dear Merlin,

      

      
        My question is about binary stars. But first correct me if I’m wrong.

      

      

      
        
          	
        All stars have mass.
      

      	
        All mass has at least some gravitational pull on other objects. If this is true, then how can binary stars exist? Would they not draw themselves together?
      

      

      

      
        
          
        D. L. F.

        Greenfield, Wisconsin

      

      

      

      If binary stars just sat there in space, then their mutual gravity would certainly draw them together.

      But when an object is in motion around any other object, the force of gravity serves primarily to bend the direction of motion toward the object, into a loop. That loop is commonly called an orbit, which prevents unpleasant cosmic collisions.
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        Dear Merlin,

      

      
        I have a question which I’m embarrassed to ask, but I want to know the answer as the basis for a possible short story.

        If our star, the Sun, were a double star, in other words if we on planet Earth were revolving around two suns of the same magnitude as our single Sun, would objects and beings on Earth cast a double shadow? Two shadows for Earthlings instead of one?

      

      
        
        Catherine Sarnelli

        Levittown, New York

      

      

      

      Yes.

      But since each star delivers light into the shadow cast by the other star, shadows in a two-star world will never be as dark as shadows cast by a single star.

      

      
        
        Dear Merlin,

      

      
        What is the difference between a protostar and a brown dwarf?

      

      
        
        Gordon N. Coomer

        Bastrop, Texas

      

      

      

      A protostar is a large gas cloud that is collapsing and getting hotter in an attempt to ignite thermonuclear fusion in its core. If it succeeds . . . a star is born.

      If the protostar is not massive enough for its core to reach ignition temperature, then fusion never begins. These failed stars are commonly called brown dwarfs. Without a source of energy within, they spend their entire lives slowly cooling down.

      Brown dwarfs bridge the mass gap between bona fide stars, which shine on their own, and large gaseous planets like Jupiter, which may have some detectable heat left over from formation but are primarily visible via reflected light from their host star.

      

      
        
        Dear Merlin,

      

      
        What is the most number of stars that have been found in one star system?

      

      
        
        Erin French

        Lansing, Michigan

      

      

      

      Merlin’s good friend Sir John Herschel commented over a century ago,

      
        
        The noble globular cluster Omega Centauri is beyond all comparison the richest and largest object of its kind in the heavens. The stars are literally innumerable . . .

      

      

      We now know this cluster, which lives in your own Milky Way galaxy, contains more than four million stars that are thirty thousand times more densely packed than stars in the solar neighborhood.

      

      
        
        Dear Merlin,

      

      
        What happens to any planets, moons, or other stellar objects in the immediate area of a star that becomes a supernova?

      

      
        
        Barbara Grayson

        Fort Worth, Texas

      

      

      

      All nearby celestial objects will be bathed in heavy doses of radiation—especially the higher energy wavelengths of light that include ultraviolet, X-rays, and gamma rays. The shock wave brought on by this explosion will fragment and dissipate all interstellar gas clouds in the area. Planets and moons, after getting their surfaces ablated, will be ejected into interstellar space. Nearby stars would be otherwise unaffected by this shock wave.

      The varied chemical composition of the exploding debris will contribute to the interstellar enrichment of elements heavier than the primordial hydrogen and helium. Future generations of stars and planets and moons that condense from this enriched interstellar soup can form celestial objects and entities of increasing chemical diversity—including life.

      

      
        
        Dear Merlin,

      

      
        If a nearby star were to become a supernova, I know we would see it, but would we hear it?

      

      
        
        Gwen Beam

        Columbia, Maryland

      

      

      

      In space, not only can no one hear you scream, no one can hear you explode either.

      Unlike light, sound requires a material medium in which to move (gas, liquid, solid). Interstellar space isn’t completely empty, but it is empty enough to render mute a cataclysmic explosion such as a supernova.

      

      
        
        Dear Merlin,

      

      
        I once read about a star in the universe that spins five hundred times per second. It must have an immense amount of mass and gravity to balance the centrifugal force. What creates such a spin in the first place?

      

      
        
        Tom Dix

        Oceanside, California

      

      

      

      If you suck a long strand of spaghetti into your mouth, it will wiggle more and more vigorously until the last few inches, when you can guarantee it will flap into your face.

      If the arms of a spinning figure skater are slowly drawn inward, the figure skater will spin faster and faster.

      If a rotating gas cloud collapses to form a star, it spins faster and faster until it breaks apart, unless the cloud’s gravity is strong enough to keep it contained.

      All three scenes are examples of a general principle in physics called the “conservation of angular momentum,” where shrinking and rotating objects spin faster and faster. It works on your dinner plate and it works in the cosmos.

      P.S. Figure skaters do not spin fast enough to break apart.
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            LIGHT & TELESCOPES

          

        

      

    

    
      Astronomy became astrophysics in the late 1800s, when spectra from stars could be obtained for the first time and analyzed for all the physics they contain. Over the years, astrophysicists have become the world’s experts when it comes to light. The entire science is based on the collection and analysis of light from stuff that is not on Earth. If an object of interest were on Earth, you could walk up to it, pick it up, take it to a laboratory, and play with it in any way you please. Astrophysicists enjoy no such luxury. They can’t reach out and grab a piece of star for laboratory analysis. Astrophysicists can’t reach out and tilt a galaxy to get a different angle of view. Astrophysicists can’t watch the birth and death of a star because even the fast-lane stars live a million times longer than humans. In short, astrophysicists can’t control any object or phenomenon they observe. In this way, astrophysics may be the humblest of all sciences. Yet we extract a staggering amount of information from the light of celestial objects. Indeed, that is how the origin and expansion of the universe were revealed.

      We gather that light within telescopes. In the real world, bigger is not always better, except for telescopes. You would rather collect raindrops with a bucket than a thimble. Larger telescopes, with their greater surface area, collect more light than smaller telescopes do, allowing the astrophysicist to probe ever-dimmer objects and ever-farther reaches of the universe.

      

      
        
        Dear Merlin,

      

      
        If there are rainbows from the Sun and moonbows from the Moon, are there starbows too?

      

      
        
        Peter Dinsmore

        Helena, Montana

      

      

      

      Rainbows tend to appear when it is raining at the same time the Sun is shining. They appear opposite the Sun, which means you can only get rainbows in the late afternoon or midmorning, when the Sun is lower in the sky.

      Moonbows tend to appear when you look at the Moon through a hazy, semitransparent cloud of tiny ice particles.

      If ordinary stars were a million times brighter on the sky, then they too would make their own versions of these bows, and we could happily call them starbows.

      Using this naming scheme, to be fair, we should rename rainbows as sunbows.

      

      
        
        Dear Merlin,

      

      
        Does UV light and visible light travel faster than infrared light?

      

      
        
        Tommy Jo Mitchel

        Dallas, Texas

      

      

      

      No.

      Ultraviolet light carries more energy than visible and infrared light, but all electromagnetic radiation travels at exactly the same speed—the speed of light. This includes, in order of increasing energy:

      
        
        Radio Waves

        Microwaves

        Infrared

      

      

      
        
        Red

        Orange

        Yellow

        Visible  { Green

        Blue

        Indigo

        Violet

      

      

      
        
        Ultraviolet

        X-rays

        Gamma Rays

      

      

      

      P.S. Not that you asked, but Merlin once met a chap named Roy G. Biv. Colorful fellow he was.

      

      
        
        Dear Merlin,

      

      
        I would like to know what happens to light as it goes through empty space. Does it decay? Does it slow down? If so, what effect would this have on its appearance? Would it change color or wavelength?

      

      
        
        Bruce Phillips

        Quinlan, Texas

      

      

      

      Through empty space, the speed of light remains unchanged and is the same for all observers.

      Light otherwise gets dimmer in accordance with the well-established “inverse square law.” For example, if you move three times as far away from a light-emitting object, it will look nine times dimmer.

      If the object that emitted the light is in motion—as is true for galaxies in our expanding universe—we see a shift in the wavelength (color) of the light. The spectrum is red-shifted for receding objects and blue-shifted for approaching objects. The pioneering research on wavelength shifts was conducted in the mid-nineteenth century by the Austrian physicist Christian Andreas Doppler, who first measured this phenomenon using sound waves. We call red shifts and blue shifts in light “Doppler shifts” in his honor.

      

      
        
        Dear Merlin,

      

      
        How many photons per second does the Sun give off?

      

      
        
        Christopher Shaw

        Phoenix, Arizona

      

      

      

      Merlin hasn’t counted lately.

      When you are as busy as Merlin, you do not have time to count every photon. Fortunately, you can estimate the answer by dividing the total luminosity of the Sun by the average energy per photon of light emitted. These are well-researched and documented quantities.

      After some computing on Merlin’s abacus, Merlin derives approximately: 1,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000. Using helpful scientific notation, that comes to 1,045 photons per second.

      And yes, Merlin uses a badass abacus.

      

      
        
        Dear Merlin,

      

      
        What is a light-year?

      

      
        
        Elizabeth Norris

        Philadelphia, Pennsylvania

      

      

      

      A light-year is not a year with fewer calories. Nor is it an interval of time.

      A light-year is a distance equal to 5,800,000,000,000 miles. A beam of light in space will travel that far during one Earth year.

      It is a convenient yardstick for describing cosmic distances. For example, it is cleaner to say that Proxima Centauri, the nearest star to the Sun, is 4.25 light-years away than it is to say 24,600,000,000,000 miles.
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        Dear Merlin,

      

      
        I’m confused about the terminology surrounding detection ability. What is the dimmest magnitude visible with my naked eye? What is the dimmest magnitude visible with my 7×50–millimeter binoculars? What is the dimmest magnitude visible in my 60-millimeter refractor?

      

      
        
        James O. Roberson

        Williamston, North Carolina

      

      

      

      On the arcane, inverted, logarithmic “magnitude” scale used by astronomers to identify brightness, a difference of five consecutive magnitudes corresponds to a factor of 100 in brightness. On this scale, the Sun is –26.74, the full Moon is –12.74, Venus (at its brightest) is –4.6, and Polaris, the North Star, is +2.00.

      If you have good eyes, you can see down to 6th, maybe 7th, magnitude with the unaided eye. Over the entire sky, above and below your feet, this gets you upward of six thousand stars, six planets, the Sun, the Moon, and Merlin’s home—the Andromeda galaxy.

      Your 7×50mm binoculars will permit you to see down to 11th magnitude. You will promptly jump from six thousand to six million stars. And nebulae, distant star clusters, and many galaxies are added to your discovery list.

      Your 60mm refractor will not see much dimmer than the 7×50mm binoculars, but the image will be considerably more magnified. Note that “magnification” only enlarges the image already produced by the main lens or mirror.

      On Mauna Kea, Hawaii, the 10-meter Keck telescope can detect objects to about 30th magnitude—the brightness of a firefly seen from 8,000 miles away. We now get to amend our list with all known quasars and billions of galaxies. Because bigger telescopes detect dimmer objects, the largest telescope in the world defines the known visible “edge” of the universe.

      

      
        
        Dear Merlin,

      

      
        When we see those pictures of X-ray sources and radio galaxies, do scientists just read certain bands of the light, or do they send the light through some sort of special prism?

      

      
        
        Marjie Leong

        Dallas, Texas

      

      

      

      Astro-folk are often categorized by the type of light they study. There are radio astronomers and microwave astronomers and infrared astronomers and optical (visible light) astronomers and ultraviolet astronomers and X-ray astronomers and gamma-

      ray astronomers. Indeed, you can find astronomers all over the spectrum.

      Each band of light requires its own specially designed telescopes, detectors, and filters to produce an image of the objects under study. A common and useful filter of light for optical astronomers is the “B” band, which corresponds to blue wavelengths of light. For radio astronomers it is the famous 21-centimeter wavelength emitted by the hydrogen atom.

      When telescopes are tuned to these and other bands, their detectors generate intensity maps that recreate an image of what the object looks like in the chosen wavelength of light.

      Spectroscopists pass the light through expensive versions of prisms to analyze all wavelengths at once, but this method does not produce an image.

      

      
        
        Dear Merlin,

      

      
        Can you tell me, now that astronomers are using the entire electromagnetic spectrum, what future developments along these lines can we expect?

      

      
        
        Albert J. Clement

        Madison, New Jersey

      

      

      

      Merlin does get around the cosmos a bit, but Merlin has never claimed to know the future.

      Briefly, current research includes the mapping of galactic structure with unprecedented resolution from specially designed arrays of radio telescopes.

      Microwave telescopes can map the microwave background signal that permeates space, revealing what the universe was doing 380,000 years after the big bang. They also probe dense gas clouds where star formation is expected to occur. Ground-based and orbiting infrared telescopes, including the James Webb Space Telescope, are used to locate star-forming regions that are enshrouded by these dense gas clouds. They can also detect protoplanets in the process of condensing in the vicinity of a newly formed star. The Webb telescope in particular can also detect the infrared light from newly born galaxies in the early universe—light originally emitted in the ultraviolet part of the spectrum, but heavily redshifted due to the expanding universe, landing in the infrared part of the spectrum.

      Optical telescopes remain the workhorse of the science. The Hubble Space Telescope was the gold standard for decades. Other specially designed telescopes that use visible light include the European spaceborne telescope Gaia, which continues to find precise distances to billions of stars in the Galaxy. And NASA’s TESS (Transiting Exoplanet Survey Satellite), which continues the noble quest to find and catalog planets orbiting other stars.

      Ultraviolet, X-ray, and gamma-ray wavelengths are used extensively in the study of “active” galaxies. This broad category of celestial wonders includes any galaxy where a supermassive black hole may be the central engine responsible for the high-energy emissions.

      Other frontiers involve nonelectromagnetic signals. We expect a neutrino background from the first few minutes of the big bang, when the universe was turning one-fourth of its mass of hydrogen into helium. And gravitational wave telescopes now routinely detect the ripples in spacetime cast forth by violent phenomena in the universe, such as colliding pulsars and black holes.

      

      
        
        Dear Merlin,

      

      
        What is the largest telescope in the world?

      

      
        
        Andy Simpson

        St. Louis, Missouri

      

      

      

      That all depends on which band of electromagnetic spectrum you’re referring to.

      At a mile in circumference, the largest telescope in the world is the nonsteerable radio dish called FAST (Five-hundred-meter Aperture Spherical Telescope), embedded in a natural crater in Pingtang County, Guizhou Province, China. The telescope can be “aimed” by shifting the receivers that are suspended high above the central area of the dish, and also by actively deforming the shape of the dish to change which way it’s pointing.

      The largest optical telescopes in the world are the twin 10-meter Keck telescopes in Hawaii. Each telescope mirror is a mosaic of 36 hexagonal segments.

      The largest coordinated telescope array is the 66 microwave-sensitive dishes of the Atacama Large Millimeter Array (ALMA), located at San Pedro de Atacama, Antofagasta, Chile.

      The Event Horizon Telescope (EHT) is a global network of radio telescopes that, in combination, simulates a telescope the size of Earth itself, producing the first-ever image of a supermassive black hole in the center of a distant galaxy.

      

      
        
        Dear Merlin,

      

      
        If the North and South Poles get six months of darkness at one stretch, then why don’t astronomers build telescopes in these regions?

      

      
        
        Delores Page

        Austin, Texas

      

      

      

      As Santa surely knows (unlike most people who draw pictures of his workshop), the North Pole contains no land—just ice floes. So there is no stable place to put a telescope. South Pole temperatures in the center of Antarctica can dip to 80 degrees below zero Fahrenheit. An easy solution would be to conduct observations from a toasty warm observing room adjacent to the telescope. Or, depending on your bandwidth, from ten thousand miles away in the comfort of your office.

      But let’s not forget the northern and southern lights (aurora borealis and aurora australis). During sunspot maximum these colorful atmospheric displays can light up the sky for hundreds of consecutive “nights,” thus beautifully interfering with observations no matter where on Earth you happen to be located.

      Note further that polar telescopes would only ever see half the sky. Whereas telescopes placed at midlatitudes typically see upward of 80 percent of the entire sky throughout the year.

      

      
        
        Dear Merlin,

      

      
        How effective would the Hubble Space Telescope be for Earth viewing?

      

      
        
        V. W. Roberts

        Houston, Texas

      

      

      

      Plenty of satellites exist whose sole purpose is to photograph Earth. But the Hubble Space Telescope, were it to look “down,” would be more powerful than all of them—an ideal Peeping Tom. On a clear day, it could easily observe the car you drive. But the telescope was specially configured to not ever point toward Earth, unlike its military predecessor, which was designed to do just that.
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        Dear Merlin,

      

      
        I have a question about the speed of light. I’ve been told that the closer an object comes to attaining light speed, the larger its mass becomes. What is the notion behind this?

      

      
        
        Barry Bryant

        Hurst, Texas

      

      

      

      An object’s energy of motion—its kinetic energy—relates to its speed and mass. When an object is in motion, we normally increase its kinetic energy by increasing its speed.

      At speeds that are an appreciable fraction of the speed of light, we find that we can still increase the kinetic energy of the object, but it must also involve the mass.

      The speed of light (186,282 miles per second) has been experimentally shown to be a physical limit to all speeds. Nature appears to be well aware of this cosmic speed limit—it’s not just a good idea, it’s the law—and responds to an increase in an object’s energy of motion by an increase in the object’s mass as well.

      Merlin’s good friend Albert Einstein first described this phenomenon in 1905 as a consequence of his Special Theory of Relativity.
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            GALAXIES

          

        

      

    

    
      With the aid of a telescope, if you look beyond the nighttime stars of the Milky Way, you will see innumerable fuzzy splotches called galaxies. These are the distant gravitational collections of billions of stars that form the basic constituent of the visible universe. To the residents of these galaxies, the Milky Way and Andromeda look like fuzzy splotches in their own nighttime sky.

      Galaxies are found in pairs, quintets, groups, clusters, superclusters, and isolated. They range from hundreds of times more massive down to ten thousand times less massive than the Milky Way.

      In Merlin’s opinion, galaxies are the most beautiful of all celestial wonders that adorn the cosmic space.

      

      
        
        Dear Merlin,

      

      
        What is the farthest the naked eye can see in the nighttime sky?

      

      
        
        Arnold Webb

        Los Angeles, California

      

      

      

      In smoggy cities, Merlin estimates about two hundred yards. Under favorable conditions, however, one can expect to see two and a half million light-years away to Merlin’s home, the Andromeda galaxy. It is the farthest object visible to the unaided eye. Puddled light from the galaxy’s trillion stars appears as a small fuzzy patch in the constellation Andromeda, near Pegasus in the northern sky.

      Every other star on the sky belongs to your own galaxy, the Milky Way, and travels within a few thousand light-years of the Sun.

      

      
        
        Dear Merlin,

      

      
        If the Andromeda galaxy is over two million light-years away, then when I look up into the sky with binoculars, do I see the light it emits now, or is the light two million years old?

      

      
        
        Ron Burman

        Chicago, Illinois

      

      

      

      You see Andromeda not as it is, nor where it is, but as it was, and where it was, two and a half million years ago.

      The photons you see left Andromeda during the early Pleistocene epoch of Earth’s geologic history—right around when Homo erectus first appeared.
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        Dear Merlin,

      

      
        What is the closest galaxy to our own, Andromeda or the Large Magellanic Cloud?

      

      
        
        Amy Fredericks

        Chevy Chase, Maryland

      

      

      

      At two and a half million light-years, Andromeda sits more than ten times farther that the two “satellite” dwarf galaxies to the Milky Way, the Large and Small Magellanic Clouds.

      

      
        
        Dear Merlin,

      

      
        How many types of galaxies are there?

      

      
        
        Karen Schindler

        Victoria, British Columbia

      

      

      

      There are three main types: elliptical galaxies, spiral galaxies (like your own Milky Way, and Merlin’s Andromeda), and irregular galaxies.

      The broad category of “active” galaxies harbors highly energetic phenomena deep within them and includes quasars, blazars, radio galaxies, and starburst galaxies. “cD” galaxies are big accretions typically found in the center of galaxy clusters and likely formed by multiple mergers of other galaxies.

      Dwarf galaxies are just what they say they are, but otherwise get classified as irregular or elliptical.

      

      
        
        Dear Merlin,

      

      
        What is the biggest galaxy we know?

      

      
        
        Heather Greene

        Louisville, Kentucky

      

      

      

      The largest known single object in the universe is the enormous radio-emitting galaxy Alcyoneus in the constellation Lynx, discovered in 2022 and named for one of Hercules’s formidable opponents. Spanning nearly 16 million light-years, Alcyoneus is 160 times larger than the Milky Way galaxy.

      

      
        
        Dear Merlin,

      

      
        How many galaxies are there in the universe?

      

      
        
        Amelia Moraida

        Austin, Texas

      

      

      

      Billions and billions and billions.

      While that was fun to say, the actual answer is likely a trillion—a thousand times a billion—based on the latest estimates, obtained by counting all the galaxies in your best telescope’s field of view and extrapolating to the entire sky.

      The field of view of the James Webb Space Telescope is one-sixteen-millionth of the full sky. So yes, sometimes you just gotta extrapolate.

      

      
        
        Dear Merlin,

      

      
        If I understand correctly, the Milky Way in the night sky is what we can see of the bulk of the spiral galaxy that we and the Sun are part of. Where are all of the brighter stars, most of which seem far away from the Milky Way from our perspective?

      

      
        
        John Hill

        Las Vegas, New Mexico

      

      

      

      Earth and the Sun and the entire solar system are embedded in a flattened spiral disk of hundreds of billions of stars called the Milky Way galaxy. The band of light across the night sky is the collected light from the stars of the Milky Way’s disk.

      Every other star you see is also part of the disk, but since we are embedded within it, we remain surrounded by stars in every direction.

      

      
        
        Dear Merlin,

      

      
        I understand that the globular clusters are arranged spherically around the center of our galaxy. When the Milky Way originally formed, how was it possible for the globular clusters to keep their original spherical arrangement while the rest of the Galaxy collapsed to form a disk?

      

      
        
        John Appledoorn

        Savannah, Georgia

      

      

      

      When the initial spherical gas cloud of the Milky Way started to form stars (more than ten billion years ago), it used only a small fraction of its gas to make the globular clusters. The rest of the gas collapsed from above and below the midplane of the Galaxy to make the disk—when a gas cloud collides with another gas cloud, they are likely to fuse together (like two hot marshmallows) rather than to pass through each other.

      Any globular cluster that encountered the disk would easily bulldoze its way through the gas clouds to continue its orbit through to the other side.

      The resulting picture of the Milky Way is a flattened gas-rich disk of old and new stars with a spherical gas-empty “halo” of very old globular clusters.

      

      
        
        Dear Merlin,

      

      
        I have often been thrilled to gaze in the direction of Sagittarius and Scorpio and know that I was looking at the center of our galaxy. Similarly, I know that as I look toward the southern part of Auriga, also in the Milky Way, I am looking toward the outer edge of the Galaxy, opposite the center. Can you tell me which direction (toward which constellation) we (the solar system) are headed as we revolve around the center of the Galaxy? Also, which constellation is in the direction that the Galaxy or local cluster of galaxies is headed?

      

      
        
        Nick Jackson

        Junction, Texas

      

      

      

      The rotation of your galaxy carries the Sun and environs in the direction of the constellation Cygnus. The Milky Way and the Andromeda galaxy are falling toward each other. And the entire Local Group of galaxies is falling into the center of an even larger cluster of galaxies in the direction of Virgo.

      Such is the layout of this cosmic ballet.
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        Dear Merlin,

      

      
        How have astronomers been able to measure the dimensions of the Milky Way? I can see that we on Earth can observe the “right” and “left” sides of the Galaxy by taking measurements at two opposite points in our revolution. But what about its height? How do we know it’s a platter with a bulge in the center?

      

      
        
        Gordon E. Castanza

        Beijing, China

      

      

      

      Astronomers have yet to figure out how to live for 250 million years. It takes about that long for the Sun to revolve around the Galaxy center. “Right” and “left” measurements are therefore out of the question.

      The dimensions of the Milky Way are deduced from an involved set of indirect methods, most of which use the 21cm radio wavelength emitted by the hydrogen atom and infrared wavelengths emitted by heated gas to map the presence of gas clouds. These long wavelengths of light easily penetrate the dust clouds that prevent us from seeing the galactic structure directly.

      From the rotation of the Galaxy we find gas clouds that move with different speeds relative to the solar system. By carefully measuring where they are and how fast they move, we can reconstruct the solar system’s location among the spiral arm branches of the Milky Way.

      The height, or thickness, can be inferred from the transparency of the Galaxy’s disk as you look above and below it through the gasless halo (home of the globular clusters) out to the rest of the universe.

      The location and extent of the bulge is plainly visible in wide-field infrared photography across the galactic center.

      

      
        
        Dear Merlin,

      

      
        I am 42 years old because I’ve encircled the Sun 42 times. How old is the Sun for having circled the center of the Galaxy?

      

      
        
        Richard Lawrence

        Indianapolis, Indiana

      

      

      

      With a little help from Earth, you have orbited the Sun 42 times at a speed of 18 miles per second. The Sun has an orbital speed of about 140 miles per second. Even at this blazing speed it has circled the center of the Milky Way galaxy only about 20 times in the 4.5-billion-year history of the solar system.

      Officially, then, at 20 galaxian years, the Sun is old enough to vote, but not yet old enough to buy beer.
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        Dear Merlin,

      

      
        Do galaxies ever collide? What would they look like if they did?

      

      
        
        David Baldwin

        Cincinnati, Ohio

      

      

      

      The Milky Way is in no imminent danger, but galaxies that are members of rich clusters appear to collide quite often. Space is so vast that the stellar content of each galaxy will likely pass through each other, but the larger interstellar gas clouds will collide, undergo enhanced star formation, and get left behind after the collision.

      Colliding galaxies, with their stars cast hither and yon by the rapidly changing gravitational field, are the galactic equivalents of a train wreck. On the sky and in computer simulations, they are simultaneously beautiful and disturbing.

      

      
        
        Dear Merlin,

      

      
        Why is it that galaxies do not lose their relative positions in the universe even though we are all traveling through space?

      

      
        
        John H. (Bud) Helck

        Bremerton, Washington

      

      

      

      Galaxies do indeed lose their relative positions.

      You can watch this happen, but you probably have better things to do. If you lived for a hundred million years, you would get to see most galaxies move from their current position by an amount equal to their own diameter.

      

      
        
        Dear Merlin,

      

      
        Can a person cross our galaxy in a spaceship during one human lifespan?

      

      
        
        Prince Ricker

        Austin, Texas

      

      

      

      Unlike Captain Kirk and the starship Enterprise—where they routinely crossed the Galaxy during television commercials—a real person in a real spaceship is restricted by the speed of light. Light, the fastest thing we know, requires 100,000 years to cross the Milky Way galaxy. Humans have yet to live that long.

      In 1905 Merlin’s good friend Albert Einstein introduced the Special Theory of Relativity, which predicts that time will tick slower and slower the faster you travel. Were you to embark on such an adventure, you could conceivably age as little as you wish, depending, of course, on your exact speed. The problem arises when you wish to return to Earth (assuming that is where you started). Earth will have moved several hundred thousand years into the future and everyone will have forgotten about you.

      

      
        
        Dear Merlin,

      

      
        I’m confused about Hubble’s law and the relationship between velocity and the distance to a galaxy. Is that relationship assumed, or has it been established by independent means?

      

      
        
        David Detwiler

        Houston, Texas

      

      

      

      Another one of Merlin’s good friends, the American astronomer Edwin Hubble, first established the velocity-distance relation for galaxies in 1929.

      Earlier data collected by V. M. Slipher in combination with Hubble’s data showed most galaxies to be receding from the Milky Way—the first indication that we were part of an expanding universe.

      Hubble established the redshift-distance relation using the highly luminous Cepheid variable stars that were visible in nearby galaxies. Their period of light variation tightly correlates with their luminosity—a mathematical relationship discovered by Harvard astronomer Henrietta Leavitt. With the help of these equations, a distance can be deduced for the galaxy in question. Today, many more distance indicators have been used to derive a more accurate velocity-distance relation than Hubble’s original results.

      If a galaxy is too far away for any of the distance indicators to be useful, then the Hubble relation is assumed to be valid, and the distance is inferred purely from the galaxy’s velocity of recession—its redshift.

      

      
        
        Dear Merlin,

      

      
        Since nothing travels faster than light, how can there be redshifts greater than one?

      

      
        
        Joe Stickler

        Valley City, North Dakota

      

      

      

      Redshifts in the universe simply measure the effective “stretching” of wavelengths of light emitted by galaxies moving away from us. A fast enough galaxy can stretch wavelengths very much more than the original value—thus producing redshifts greater than one.

      Confusion arises because an approximate formula resembling a classical Doppler shift (redshift ≈ v/c: the velocity of the galaxy divided by the speed of light) works for slower-moving nearby galaxies, instead of a more complicated exact formula that incorporates the principles of expanding space in Einstein’s General Theory of Relativity.

      

      
        
        Dear Merlin,

      

      
        As I understand it, the recession velocity of galaxies is proportional to their distance. I think this implies acceleration. What causes this acceleration? What is the rate of acceleration?

      

      
        
        Ron Giffin

        Cincinnati, Ohio

      

      

      

      The word “acceleration,” when referencing the expanding universe, is misleading. A more precise term would be “expansion rate.”

      The latest estimate for the expansion rate of the universe is about 22 kilometers per second for every million light-years from the Milky Way. This is the famous “Hubble constant” that was first estimated by Edwin Hubble in 1931.

      The big bang is the source of the initial energy that set the universe expanding. Ever since then, the collective gravity of all the galaxies in the universe should be slowing down the expansion rate, but a mysterious entity called dark energy, acting opposite the wishes of gravity, is forcing an increase in the expansion rate of the universe, which we justifiably call an acceleration.

      

      
        
        Dear Merlin,

      

      
        If we look in one direction and see a galaxy receding at half the speed of light and we look in the opposite direction and see a galaxy receding at half the speed of light, what would one galaxy say about the motion of the other? Would one observe the other to recede at the speed of light?

      

      
        
        David Wilson, M.D.

        New Orleans, Louisiana

      

      

      

      All depends on whether these speeds are the galaxy moving through space or whether their speeds are due to the expanding universe itself.

      In the first (unlikely) scenario, after applying some fast equations from Einstein’s Special Theory of Relativity, one galaxy would say that they were stationary and it is the other galaxy moving away at four-fifths the speed of light.

      In the second, more realistic case, where the fabric of the universe is expanding, there is no cosmic speed limit. You can just add the velocities together and conclude that one galaxy sees the other receding at the speed of light. Except what’s actually going on is that each galaxy sees the other disappear beyond their horizon, as their light relative to each other redshifts to infinity, disappearing forever from view.
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          TIME, SPACE, AND A SENSE OF WHERE YOU ARE
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            TIME, SPACE, AND A SENSE OF WHERE YOU ARE

          

        

      

    

    
      Let’s meet at the corner of 34th Street and Fifth Avenue on the 86th floor at 12:30 p.m. on the 5th of October in the year 2038.

      This simple rendezvous we just arranged uses timekeeping and coordinate systems that uniquely identify a single place and time in the entire universe. But we must remember that calendars, clocks, numbered street grids, and even tall office buildings had to be invented.

      Time and space coordinates together are needed for any rendezvous, but through the theory of relativity, Einstein helped to fuse these two quantities into one conceptual entity called spacetime. When combined with other principles, the theory of relativity unleashes a profound rethinking of the measurement of time, the fabric of space, the concept of mass, and the expansion of the universe.

      

      
        
        Dear Merlin,

      

      
        What is an eon? My Random House dictionary defines it as “the largest percent of geologic time comprising two or more eras.” But my Webster defines eon as “an immeasurably or indefinitely long period of time.” I am confused.

      

      
        
        Emi Yamayishi

        Piedmont, California

      

      

      

      
        
        ’Twas Merlin’s tour she wanted to be on.

        Emi knew not how long was one eon.

        Merlin said unto her,

        “A billion years,” as it were,

        “So please don’t you wait around to see one!”

      

      

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        What is time?

      

      
        
        Carl La Valle

        Pasadena, California

      

      

      

      
        
        The measured or measurable period during which an action, process, or condition exists or continues.

      

      

      
        
        —Merriam-Webster Collegiate

        Dictionary of the English Language

      

      

      

      
        
        To everything there is a season, and a time to every purpose under the heaven.

      

      

      
        
        —Ecclesiastes

      

      

      

      
        
        
        If you can look into the seeds of time,

        And say which grain will grow and which will not,

        Speak then to me, who neither beg nor fear

        Your favours nor your hate.

      

      

      

      
        
        —William Shakespeare

      

      

      

      
        
        
        Lives of great men all remind us

        We can make our lives sublime,

        And, departing, leave behind us

        Footprints on the sands of time.

      

      

      

      
        
        —Henry Wadsworth Longfellow

      

      

      

      
        
        
        Time present and time past

        Are both perhaps present in time future,

        And time future contained in time past.

      

      

      

      
        
        —T. S. Eliot

      

      

      
        
        Time is defined to make motion look simple.

      

      

      
        
        —Albert Einstein

      

      

      

      
        
        Time is nature’s way to prevent everything from happening all at once.

      

      

      
        
        —A bathroom wall

      

      

      

      
        
        Time is whatever your clock shows.

      

      

      
        
        —Merlin

      

      

      

      
        
        Dear Merlin,

      

      
        When I was a boy, things were regular. The first day of winter was December 21st, that of spring March 21st, etc.

        Well, the bookkeepers seem to be all off nowadays. Seasons are beginning on the 20th, the 22nd, and even the 23rd. How come we can’t keep the Sun crossing the equator on time anymore?

      

      
        
        David H. Walworth, M.D.

        San Jose, California

      

      

      

      Merlin doesn’t know what calendar you used when you were a boy, but it certainly wasn’t the same as that used by all of Western society since the year 1582, the start of the Gregorian calendar, unless, of course, you lived your youth in the early 1500s.

      Earth takes slightly less than a quarter of a day longer than 365 days to orbit the Sun, so the beginning of each season migrates backward through the calendar at a rate of about a quarter of a day per year. To correct this calendric conundrum, we add a leap day in February every four years to prevent the seasons from marching systematically through the entire calendar.

      But with that four-year February correction, we have slightly overcorrected the problem, and now the seasons migrate forward a quarter of a day every 25 years, requiring that the leap day ordinarily added to February be omitted on century years.

      But the February correction every century slightly under-

      corrects the problem, and the seasons now migrate backward at the rate of a quarter of a day per century, requiring that a leap day be reinserted every 400 years. Such as in the years 1600 and 2000.

      Behold the Gregorian calendar, the source of your calendric angst.

      

      
        
        Dear Merlin,

      

      
        It is said that we live in a four-dimensional universe. I have trouble picturing four dimensions in my mind, but I want to understand the concept. Can you help me?

      

      
        
        J. Sherman

        Chatham, New Jersey

      

      

      

      There is nothing wrong with you just because you can’t picture a four-dimensional universe. It is more important for you to understand that the fourth dimension, time, is given equal mathematical treatment to the three more familiar space dimensions.

      Merlin thinks the German physicist Hermann Minkowski said it best in 1908 when he commented:

      
        
        Nobody has ever noticed a place except at a time, or a time except at a place. . . . Henceforth space by itself, and time by itself, are doomed to fade away into mere shadows, and only a kind of union of the two will preserve an independent reality.

      

      

      

      
        
        Dear Merlin,

      

      
        If my twin were to visit your home on planet Omniscia in the Andromeda galaxy and return to Earth, my understanding is that he would age less rapidly than I. As my twin speeds away from me toward Omniscia and returns, so do I speed away from my twin and return. Therefore, don’t I age less rapidly when viewed by my twin?

      

      
        
        Ron Giffin

        Cincinnati, Ohio

      

      

      

      Your question refers to the famous twin paradox of Einstein’s theory of relativity. Let’s name your twin brother Jon and repeat the paradox in a little more detail:

      
        
        Ron and Jon are identical twins on future Earth. Jon decides to visit planet Omniscia in the Andromeda galaxy two and a half million light-years away. That is a long trip, but advances in space travel permit Jon to move at nearly the speed of light. According to Einstein’s relativity, Jon will see Ron age less rapidly and Ron will see Jon age less rapidly. Motion at constant velocity is relative so both Jon’s and Ron’s views are equally valid.

        After visiting Merlin’s relatives, Jon doesn’t stay long on Omniscia and returns home to rejoin Ron. Along the way, once again, Jon sees Ron age less rapidly and Ron sees Jon age less rapidly. When Jon greets Ron back on Earth, who is older than whom?

      

      

      The paradox is resolved when we ask who actually made the round trip. Was it Jon and his spaceship, or did Earth and Omniscia slide through space two and a half million light-years, slow down, stop, and then slide back to where they started? The question sounds absurd, but the answer is not obvious.

      In Einstein’s relativity, motion at constant velocity is relative, but accelerated (and decelerated) motion is not.

      When Jon came to an abrupt stop on Omniscia, his dishes rolled off the shelves in his spaceship’s cabinet. No such phenomenon occurred on Earth because Earth didn’t decelerate.

      On Jon’s return trip, he accelerated to near the speed of light, and the ball he plays with rolled quickly to the rear of the spaceship. At the same time, Ron didn’t roll off the back of Earth because, once again, Earth didn’t experience the acceleration.

      In the twin paradox, Einstein’s relativity shows that it is the accelerating and decelerating twin that ages the least.

      Alas, Jon returns younger than Ron. In this case by several million years.

      

      
        
        Dear Merlin,

      

      
        If the key to time dilation is speed, then wouldn’t we be included in it since Earth

        is traveling at 18 miles per second around the Sun?

      

      
        
        Dominick DeSimone

        Staten Island, New York

      

      

      

      Yes.

      An observer on the Sun (equipped with a flame-proof watch) will see Earth, its residents, and all their timekeeping devices lose about one second in thirty years.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        What is a tachyon?

      

      
        
        Rick McFairlane

        Dallas, Texas

      

      

      

      Tachyons are hypothetical particles that travel faster than the speed of light. Named from the Greek tachys, meaning “swift,” where we also get the word “tachometer,” Einstein’s equations of special relativity bestow this particle with an array of bizarre properties. Here are the top five:

      
        
          	
        The slowest a tachyon can move is slightly greater than the speed of light.
      

      	
        A tachyon can have an infinite velocity.
      

      	
        When a tachyon loses energy, it speeds up—when it gains energy, it slows down.
      

      	
        It would take infinite energy to slow down a tachyon to the speed of light.
      

      	
        A tachyon appears to travel backward in time for some observers. If you send your friends a message with tachyons, they can receive the message before you sent it.
      

      

      

      Tachyons have yet to be detected.

      

      
        
        Dear Merlin,

      

      
        I understand that astronomers keep track of the exact time interval between dates by use of a “Julian period” which begins 1 January 4713 b.c. Why was the year 4713 b.c. selected? Why not 4800 or 5000 b.c.?

      

      
        
        Alvin J. Butow

        Mariposa, California

      

      

      

      The Julian period is the number of days in 7,980 years beginning at 12 noon on 1 January 4713 b.c. The Italian Protestant scholar Joseph Scaliger introduced this timekeeping scheme in 1583, the year after the start of the Gregorian calendar, which is now the standard in most of the world’s countries.

      Scaliger named this period in homage to the Julian calendar, which had just been replaced. It was designed to be independent of all other calendar schemes since it merely counted elapsed days.

      There is nothing mysterious about the year 4713 b.c. It was chosen to be so long ago that no recorded astronomical event exists before it. Aside from this stipulation, the exact date was completely arbitrary. The modern-day penchant for “round” numbers did not exist four hundred years ago.

      The 7,980-year period was chosen as the smallest common multiple of the 28-year solar cycle, the 19-year Metonic lunar cycle, and the 15-year Roman cycle of indiction.

      The Julian day for noon, 1 January 2000, was 2,451,545.000.

      

      
        
        Dear Merlin,

      

      
        When did the 21st century officially begin? Was it January 1st of the year 2000, or was it January 1st of the year 2001?

      

      
        
        Margaret M. Sipple

        Los Angeles, California

      

      

      

      Calendar purists will tell you that the 21st century began on January 1st in the year 2001. In the current Christian-based Gregorian calendar, the year 1 b.c. was followed by the year a.d. 1—there was no year zero because the number and concept of zero had not yet been invented. Century reckoning is therefore shifted by one year. This argument inspired Stanley Kubrick’s Space Odyssey film to favor 2001 over the year 2000.

      Before you get excited about all this, please note a few things. 1) The zero point of any reckoning of time is arbitrary. 2) No day before October 15, 1582, actually occurred on the Gregorian calendar, for that was when the calendar was implemented officially. And 3) The Gregorian calendar doesn’t even start in the right place. Bible scholars generally place the birth of Jesus several years before 1 b.c.

      When we consider the arbitrary numerics of it all, then it shouldn’t have really mattered which January 1st you chose to celebrate the 21st century. Merlin celebrated it twice.

      

      
        
        Dear Merlin,

      

      
        What is space? How is it defined?

      

      
        
        Mark V. Rauber

        Humble, Texas

      

      

      

      When NASA says they go into space, they usually refer to sending a spacecraft in orbit around Earth or elsewhere in the solar system.

      Merlin prefers to think of space as the regions between all the particles of all the atoms of all the universe. With this definition matter can be viewed as the defining edge of space.

      We are left with the rhetorical question, “Can space exist in the absence of matter, if matter defines the edge of space?”

      Merlin leaves that one for you.

      

      
        
        Dear Merlin,

      

      
        How empty is empty space?

      

      
        
        Arthur Levy

        Houston, Texas

      

      

      

      When a rabbit disappears into “thin air” at a magic show, nobody tells you the thin air already contains more than 10,000,000,000,000,000,000 (ten quintillion) atoms per cubic centimeter. The very best laboratory vacuum chambers have as few as 10,000 atoms per cubic centimeter. Interplanetary space gets down to about 10 atoms per cubic centimeter while interstellar space is as low as 0.5 atoms per cubic centimeter. The award for nothingness, however, must be given to intergalactic space. There, it is difficult to find more than 0.0000001 atoms per cubic centimeter. Outside of the universe, where there is no space, perhaps there is no nothing. For now, let’s call this hypothetical region (where we are certain to find multitudes of rabbits) nothing-nothing.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        How cold is space?

      

      
        
        Bruce Walker

        Arvada, Colorado

      

      

      

      If you position yourself in intergalactic space to eat breakfast, you will find that your pancakes, your coffee, the ice in your orange juice, and everything else around you will cool continuously until it reaches –454 degrees Fahrenheit—the relic temperature of the universe from the big bang. On the Kelvin scale this temperature is 2.7 degrees, often rounded up to 3 degrees in polite company, and more commonly called the “cosmic microwave background radiation.”

      If you decided to journey close to a star, or any other source of energy, then the temperature you and your food reached would be correspondingly higher.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        Is there any concern over the pollution of space? Space was a pristine wilderness until man, pursuing his scientific, military, and commercial endeavors, trashed it!

      

      
        
        Ed Carlson

        Mariposa, California

      

      

      

      Interplanetary space is not as pristine as you describe. Earth intercepts hundreds of tons of debris every day in the form of meteors. Fortunately, nearly all of it burns in Earth’s atmosphere.

      Satellite and spacecraft debris also account for quite a bit of space pollution, forming a veritable traffic hazard for space travelers—especially since most of the orbiting debris is moving at least 17,500 miles per hour.

      To keep travel safe for the future, Merlin wants all jettisoned debris to be broken into little pieces and then sent to reenter and burn harmlessly through Earth’s atmosphere. Interplanetary travelers could jettison their debris toward the Sun.

      By this scheme, all spacecraft would dispose of their own garbage, never to be seen again, keeping Earth’s space environment clear for all future aliens to visit.

      

      
        
        Dear Merlin,

      

      
        Is it true that what goes up must come down?

      

      
        
        Marianne Farmer

        Omaha, Nebraska

      

      

      

      No.

      
        
        Some of what goes up,

        If launched with great ferocity,

        Won’t ever give up⁠—

        It reached escape velocity.

      

        

      
        Some of what goes up,

        If launched high in the sky,

        Won’t ever return⁠—

        Air friction makes it burn.

      

        

      
        The rest of what goes up,

        Launched slowly from the ground,

        Proves the old adage,

        “What goes up must come down!”

      

      

      

      
        
        Dear Merlin,

      

      
        Are there directions such as east and west or up and down in space?

      

      
        
        Anna Denham

        Yukon, Oklahoma

      

      

      

      
        
        Allow Merlin to help Anna on her quest:

        One person’s east is another person’s west.

        And in space, where there is neither up nor down,

        One person’s smile is another person’s frown.

      

      

      

      
        
        Dear Merlin,

      

      
        Can you name some molecules that we know to exist in space? I hear that elements form complex molecules quite often in interstellar clouds.

      

      
        
        Jana Bailey

        Harrisburg, Pennsylvania

      

      

      

      Cold interstellar clouds are rich with heavy elements that readily form complex molecules.

      
        
        Some are familiar from the household:

        NH3(ammonia)

        H2O(water)

        C2H2(acetylene)

        

        And some are deadly:

        (CN)2(cyanogen)

        CO(carbon monoxide)

        HCN(hydrogen cyanide)

        

        Some remind you of the hospital:

        CH2O(formaldehyde)

        C2H5OH(ethyl alcohol)

        

        And some don’t remind you of anything:

        N2H+(dinitrogen monohydride ion)

        HC5N(cyanodiacetylene)

      

      

      

      
        
        Dear Merlin,

      

      
        What does it mean in Einstein’s General Theory of Relativity for space to curve? How can space curve?

      

      
        
        Walter Schatz, M.D.

        San Diego, California

      

      

      

      According to Isaac Newton, gravity is a force that acts at a distance between any two masses.

      According to Albert Einstein, however, gravity is the curvature of space. Your speed in the vicinity of a mass will determine how much you respond to that curvature. Much the way a deep dimple in a rubber sheet will draw a rolling marble toward it. A planetary orbit, for example, is described quite simply as the response of a planet to the curvature of space in the vicinity of the Sun. The speed of light is large enough so that its path is affected only minimally in the presence of the Sun.

      But space becomes severely curved in the vicinity of exotic, dense, high-gravitational-field objects like neutron stars and black holes. In a carefully chosen trajectory you can send light into orbit around a black hole.

      In a much larger scale, the entire space of the universe curves in response to the collective gravity of a trillion galaxies. Merlin overheard Einstein comment one day,

      
        
        Matter tells space how to curve, and space tells matter how to move.

      

      

      

      
        
        Dear Merlin,

      

      
        Over Earth’s 26,000-year precession, aren’t the current values for right ascension constantly (albeit slowly) changing? It seems odd that a reference value is variable.

      

      
        
        Jim Richards

        Livermore, California

      

      

      

      A perceptive comment. And all true.

      The celestial coordinate system that astronomers use, called right ascension and declination, is indeed changing continuously. At all professional telescopes there are “on-board” computer programs whose duty it is to convert coordinates from what’s listed in the catalog into that evening’s sky grid.

      You feed the computer the coordinates of an object and the date for which the coordinates were valid, taken routinely from standard reference tables or star charts. Via equations of spherical trigonometry, the old coordinates get “precessed” to the new coordinates that apply to the moment of your observation.

      This change is typically small and would go unnoticed to the unaided eye during a human lifespan, but with powerful telescopes, you will likely miss your target without the correction.

      

      
        
        Dear Merlin,

      

      
        I was reading an article about the astronomical object named IRAS 13349+2438. I wondered just what these numbers meant or how they were selected, especially the “plus” and additional numbers.

      

      
        
        Alice K. Parker

        Lewes, Delaware

      

      

      

      Although it looks like a celestial phone number, there is nothing mysterious about the IRAS designation. Most catalogs of astronomical objects list entries in that way.

      If we were to make a sentence out of that name, it would read, “Object detected by the InfraRed Astronomical Satellite on the sky at Right Ascension: 13 hours 34.9 minutes; Declination: +24o 38' on the celestial sphere.” These coordinates are the astronomers’ counterpart grid to the Earth-based longitude and latitude system.

      Sometimes the object is just numbered, without the benefit of its location on the sky. The first quasar ever identified was 3C 273, which is the 273rd object in the Third Cambridge Catalogue of radio sources on the sky.  Of course, you can’t deduce from first principles the name of the survey. Somebody has to tell you, as Merlin is doing now.

      

      
        
        Dear Merlin,

      

      
        We know that Earth is located in the solar system, and the solar system is located in the Milky Way galaxy, and the Milky Way galaxy is located in the universe. But where is the universe located?

      

      
        
        Jim Schlight

        West Jordan, Utah

      

      

      

      Nobody knows. To answer your question is to leave the domain of scientific inquiry and enter the realm of metaphysics. Merlin is happy to give you an example:

      The universe is the contents of a fourteen-billion-light-year-diameter black hole that is itself embedded in an even larger universe of which we are a microcosmic subset.

      Notice the above statement has little basis in scientific data and it cannot be verified since by definition we cannot observe or communicate with regions outside our own universe. For now, it is storytelling, not science.
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            BLACK HOLES, QUASARS, AND THE UNIVERSE

          

        

      

    

    
      
        
        What is now proved was once only imagin’d.

      

      

      
        
        —William Blake

      

      

      

      
        
        Dear Merlin,

      

      
        Exactly what is a black hole? How big are they? What are they made of?

      

      
        
        Frankie Cintron

        Bayamón, Puerto Rico

      

      

      

      A black hole can be any size.

      What they all have in common is that light cannot escape from within their “event horizon.” Their gravity is so strong that, among other things, their escape velocity exceeds the speed of light. More precisely, there is no path through spacetime that a beam of light can take for it to escape. In a way, space has closed back on itself. And if light cannot escape, then nothing can escape.

      All that being said, Merlin’s good friend Stephen Hawking discovered a way for black holes to (slowly) evaporate. Just outside of the event horizon, the gravitational field can spontaneously create particles at the expense of the black hole’s mass. We call this “Hawking radiation” in his honor.

      Some black holes are the final evolutionary stage of a star with more than about ten times the mass of the Sun, where the star’s core collapses in on itself.

      As black holes eat, they grow. Higher-mass black holes are bigger than lower-mass black holes. We think supermassive black holes—millions, even billions of times the Sun’s mass—lurk in the centers of all large galaxies. Only when they are being fed—when they flay and devour stars that wander too close—does the galaxy become “active” and highly visible with our radio telescopes. Quasars serve as the best example of this phenomenon.

      A journey to a black hole is a one-way trip. You may wish to avoid them.

      

      
        
        Dear Merlin,

      

      
        I don’t understand how a black hole could become so dense that it could be the size of an atom.

      

      
        
        Erin French

        Lansing, Michigan

      

      

      

      Neither does anybody else. Merlin’s friend Neil deGrasse Tyson is known for saying, “The universe is under no obligation to make sense to you.” So don’t sweat it.

      Einstein’s equations of relativity quite naturally account for the never-ending collapse of a black hole—in spite of how weird that is.

      If there exists a force to prevent the collapse of a black hole to a singularity, then it is yet to be discovered.

      

      
        
        Dear Merlin,

      

      
        How does a black hole affect time and mass?

      

      
        
        Terry Anstey

        Austin, Texas

      

      

      

      Einstein’s General Theory of Relativity describes the curvature of spacetime in the vicinity of a black hole. The equations show that if you fall toward a black hole, your time slows down and your mass increases as viewed by an observer perched a safe distance away. As you near the event horizon—the black hole’s edge—others will notice that your time almost stops, and your mass increases without limit.

      This scenario would matter greatly if you were in a spaceship safely orbiting the black hole, and fellow astronauts decided to step out briefly to get a closer look at the event horizon. Depending on how close they got, and how much time they spent in the excursion, upon returning to the ship they might have aged twelve hours while those who patiently awaited their return have aged twelve years.

      Yes, it is freaky, but true.

      

      
        
        Dear Merlin,

      

      
        What would happen to me if I fell into a black hole?

      

      
        
        Benny Jackson

        Tulsa, Oklahoma

      

      

      

      
        
        If you dive feet-first

        In this cosmic abyss,

        You will not survive

        Because you will not miss.

      

        

      
        The tidal forces of gravity

        Will create quite a calamity

        When you are stretched head-to-toe.

        Are you sure you want to go?

      

        

      
        Your body’s atoms—you will see them⁠—

        Will enter one by one.

        The singularity will eat ’em.

        And by then, you are done.

      

      

      

      
        
        Dear Merlin,

      

      
        If the Sun became a black hole, what would happen to Earth’s orbit?

      

      
        
        R. C. Ritter

        El Paso, Texas

      

      

      

      The instant that happened, nobody would know until 8 minutes and 20 seconds had passed. That is how long it takes for the last glimmer of sunlight—traveling at the speed of light—to reach Earth. Afterward, Earth would rapidly freeze after plunging into darkness.

      But you didn’t ask about any of that. Turns out, the familiar properties of Earth’s orbit derive only from the Sun’s total mass. So if the Sun were compacted to form a black hole, its mass would remain unchanged, and Earth’s orbit would be unaffected.

      

      
        
        Dear Merlin,

      

      
        I understand how pulsars got their name. They are “pulsating stars.” How did quasars get their name? I presume the astronomical object preceded the Quasar brand television.

      

      
        
        Hillary Smedman

        Dayton, Ohio

      

      

      

      In 1963 an object was discovered in the Third Cambridge Catalogue of radio-emitting objects that looked like a star on a photograph but emitted radio waves of enormous intensity. Its redshift implied it was farther away and more luminous than any known galaxy—it could not be a star. It was aptly described as a quasi-stellar radio source, or “quasar” for short.

      The Quasar brand television appeared somewhat later. Incidentally, astronomy can also be credited with the following product names: Pulsar watches, Mars and Milky Way candy bars, Comet cleanser, Celestial Seasonings tea, Moon Pies, Universal Studios, and, of course, Subaru, which is what the Japanese call the Pleiades, a prominent grouping of stars in the Galaxy. Telescopes reveal thousands of stars, but only six are prominent to the unaided eye, duly captured in Subaru’s logo.

      

      
        
        Dear Merlin,

      

      
        If our astronomers can see a quasar ten billion light-years away, receding at 70 percent of the speed of light, may I conclude that:

      

      

      
        
          	
        The quasar, today, has receded for another ten billion years;
      

      	
        Its speed has reached the speed of light, so we will never see it ten billion years from now;
      

      	
        If the universe contracts, we should begin to see some quasars approaching;
      

      	
        I should have my head examined.
      

      

      

      
        
          
        Frank Loesch

        Pittsboro, North Carolina

      

      

      

      Merlin concludes that:

      
        
          	
        Yes, the quasar today has receded for another ten billion years;
      

      	
        Yes, some quasars today will not be detected because they exist beyond our event horizon of the universe;
      

      	
        Yes, if the universe contracts, quasars (and the rest of the contents of the universe) will approach us and display a blue shift;
      

      	
        The only people who should have their heads examined are those who never ask questions.
      

      

      

      

      
        
        Dear Merlin,

      

      
        Quasars are noted for their great distance and luminosity. Are there any quasars in our galaxy? How far away is the nearest one?

      

      
        
        Duane Morse

        Phoenix, Arizona

      

      

      

      If there were any quasars within the Milky Way galaxy, we would certainly know about it—by way of our own death from the stupendous flux of high-energy radiation. Quasars emit hundreds and sometimes thousands of times the luminosity of the entire Milky Way.

      The nearest full-scale quasar is the nucleus of Markarian 231, found beyond the stars that trace the constellation Ursa Major. Named from a catalog of extreme ultraviolet-emitting galaxies compiled in 1963 by Benjamin Markarian, it lurks a safe six hundred million light-years away.

      Nearer than this, however, we find active galaxies that share some properties with quasars but do not have the enormous high-energy output.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        What is this notion of missing mass in the universe? How do you know it was supposed to be there to begin with and how do astronomers know it is missing?

      

      
        
        Luke Webberman

        Staten Island, New York

      

      

      

      The missing mass problem was first identified by the Swiss American astronomer Fritz Zwicky in the 1930s and arises most prominently in galaxy clusters.

      To determine the mass of a cluster, the most straightforward way is to add up all the light from the individual galaxies. If the relation between the light detected and the underlying mass is known, then you can infer a total mass for the cluster.

      Another way to estimate the mass of a galaxy cluster assumes that the orbital speeds of the galaxies—a readily determined value—derive from the cluster’s total mass. This method yields mass estimates up to a hundred times larger than the first method. Theoreticians call it the dark matter problem while some others call it the dark gravity problem.

      A century later, the discrepancy remains the longest unsolved problem in astrophysics.

      

      
        
        Dear Merlin,

      

      
        Where is the theoretical center of the universe in the big bang theory?

      

      
        
        Tasker N. Rodman, M.D.

        Leachville, Arkansas

      

      

      

      Albert Einstein and Hermann Minkowski showed mathematically that time is as much a dimension as the three dimensions of space. To ask “where?” is also to ask “when?” To help digest the proper answer to your question, we should first think only in three dimensions—two space dimensions and one time dimension.

      Imagine galaxies etched on the two-dimensional surface of a balloon. As the balloon expands, Merlin can ask you, “Where is the center of the balloon?” You will probably say in the middle—inside the balloon. But the balloon’s surface, where we displayed our etchings, was at the center only when you first started to inflate the balloon. The center of the balloon does not exist on its surface, except back in time at the balloon’s origin.

      By comparison, in our four-dimensional universe—three space dimensions and one time dimension—you ask, “Where is the center?” Merlin can legitimately reply, “It happened everywhere in space at time T = 0, the beginning of time and the beginning of the universe.”

      

      
        
        Dear Merlin,

      

      
        What is the radius of the known universe? Is it theoretically limited?

      

      
        
        Spencer S.

        Santa Barbara, California

      

      

      

      Light from the farthest galaxies arrives at Earth when they were no more than 13.8 billion light-years away. That corresponds to the age of the universe and is commonly rounded up to 14 billion years. Meanwhile, the cosmic horizon for the Milky Way—the current radius of the universe—sits 46 billion light-years away. That is today’s physical distance to these farthest galaxies because the universe got big while their light has been traveling to us.

      

      
        
        Dear Merlin,

      

      
        What was around before the big bang brought the universe into existence?

      

      
        
        Martha Springer

        Dallas, Texas

      

      

      

      If we assign the beginning of time to the big bang itself, then the question of what happened before has no meaning—in just the same way the question, “What’s north of the North Pole?” has no meaning either.

      But such assumptions never stopped theorists. By applying the tenets of quantum physics to the entire universe, at a time when the universe was small, you continually birth multiple universes—for free. We call this the “multiverse” which counts as being around before the big bang.

      Merlin may be old, but Merlin is not older than time itself, and so cannot comment further on what was around before the multiverse.

      

      
        
        Dear Merlin,

      

      
        If all mass is the result of the big bang 14 billion years ago (all mass at the same location before the expansion), then light emitted from a galaxy fourteen billion years ago was emitted “here,” not fourteen billion light-years away where the star is now. How can we see light from fourteen billion years away that was generated fourteen billion years ago if the galaxy was, in effect, “here” then?

      

      
        
        Stephen C. Brown

        Inverness, Florida

      

      

      

      You are confusing your heres and theres with your nows and thens.

      When we see the light of the galaxies at the far reaches of the universe, we see the universe as it once was.

      The only way there can be a cosmic “now” is if the speed of light were infinite, which it isn’t, or everybody were in the same place, which indeed occurred in the first moment of the big bang and has never happened since.

      Remember that observers on remote galaxies see us (the Milky Way galaxy) near their edge of the universe as well. But the light they see “now” was what we looked like fourteen billion years ago.

      No doubt someone on one of these remote galaxies is asking one of Merlin’s cousins the same question you are.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        If the universe is infinitely large, then isn’t the light from another one or two hundred billion galaxies speeding on its way toward Earth right now? If that is so, then won’t moonless nights soon be as bright as moonlit nights?

      

      
        
        Geoffrey A. Godfrey

        Ventura, California

      

      

      

      If the universe were infinitely large and infinitely old and not expanding, then the nighttime sky would be ablaze with light from the collective luminosity of all galaxies. But the night sky is dark, which you may not have noticed since you live near Los Angeles. This age-old problem was first formulated by Heinrich Wilhelm Matthias Olbers in 1826 and named “Olbers’s paradox” in his honor.

      The paradox resolves by noting two important features of the cosmos. Light from the beginning of the universe hails from fourteen billion light-years away. So what we can see of the universe is not infinitely large. Also, the universe is expanding, which dilutes the intensity of light en route to Earth from the distant galaxies. Each effect alone would resolve Olbers’s paradox. Combined, they permit all residents of the universe to enjoy dark, romantic nights.

      

      
        
        Dear Merlin,

      

      
        You tell us that space around us is expanding more slowly than space at the outer edges of the universe, so I presume that means that the wave front of the big bang is at the outer edges of our space. Now if the residual radiation as detected from Earth is about 3 degrees Kelvin and if my presumption is correct, to a certain extent would the residual radiation near the wave front be higher than our local measurements?

      

      
        
        Frank W. Stones

        Fort Worth, Texas

      

      

      

      No.

      The residual background temperature of the entire universe is now about 3 degrees Kelvin. Since you live in the present, this is what you measure.

      When you observe the rapidly expanding outer reaches of the universe, you see the universe as it used to be. If you were alive in that epoch, you would measure a considerably hotter universe because the universe was smaller and the big bang would have occurred more recently. Only in that sense could you be considered closer to the “wave front.”

      An easy mathematical fact: When the universe was half its current size, the background temperature was twice what it is today. When we were one-tenth our current size, the background was ten times the current temperature. When we were one-millionth our current size, the temperature was one million times hotter. This arithmetic scales all the way back to the big bang itself.

      

      
        
        Dear Merlin,

      

      
        As our universe expands, the total amount of “useful” energy continually decreases, passing into thermal energy as entropy increases. If there is enough “missing mass” to cause the universe to one day begin contracting into the “big crunch,” does this mean that all physical processes will then lead to an increase in useful energy, or a loss of entropy?

      

      
        
        Geoffrey G. Huggins

        Winchester, Virginia

      

      

      

      All data on the universe tell us we’re on a one-way expansion trip to oblivion. But we can still entertain your question. Nobody knows for sure, but two schools of thought prevail if one day the universe were to ever recollapse:

      One says that all laws of physics will continue as they are, including the law of increasing entropy, during both the expansion and contraction of the universe.

      The other school holds that the increased entropy in the expansion will reverse during collapse. We cannot do this experiment, but Merlin prefers the second school.

      

      
        
        Dear Merlin,

      

      
        If my spaceship approaches the speed of light, could I escape the expansion of the universe? Does it depend on whether the universe is infinite or finite?

      

      
        
        Mike Hamill

        Austin, Texas

      

      

      

      Merlin doesn’t know why you want to escape the universe. Are you not happy here?

      Regardless, it is not possible to leave the universe in the way you suggest.

      Our horizon will expand forever, and you will never catch up with that part of the universe that is already receding from you at the speed of light.

      If the universe were finite, it would one day recollapse, and your journey to the “edge” will return you to where you started, for you will have traveled in a gigantic cosmic circle.

      If you must leave the universe, the best way is to fall into a black hole. You don’t even need a spaceship—the gravity will pull you straight in. Communication with the outside cannot occur from within the event horizon and you will never come out.

      You will have left our universe forever, fulfilling your wishes to run away from home.

      

      
        
        Dear Merlin,

      

      
        What is the farthest object in the universe that astronomers have seen to date?

      

      
        
        Raymond Tolar

        Montreal, Quebec

      

      

      

      The James Webb Space Telescope, which was conceived and designed to observe the formation of galaxies in the early universe, found a handful of them in a place and at a time where nobody expected. Using the telescope’s Advanced Deep Extragalactic Survey mode, these galaxies were living and working in a period of the early universe we call the Dark Ages, before matter had a chance to coalesce into stars or anything else that would generate light.

      The current record holder is called JADES-GS-z13-0, whose light has been traveling for 13.6 billion years, checking in at a redshift of 13.2, when the universe was a mere 320 million years old. The expanding universe is carrying away that galaxy at 98 percent the speed of light.

      Since none of these galaxies have any business being in the Dark Ages, their mere existence forced astrophysicists to rethink the conditions that prevailed in the early universe.

      
        
          [image: ]
        

      

      

      
        
        Dear Merlin,

      

      
        If the Moon, Earth, planets, stars, and galaxies rotate, does the universe rotate?

      

      
        
        Brad Wilkinson

        San Francisco, California

      

      

      

      No evidence exists to support this fascinating idea.

      If the universe were rotating, the only way astronomers would not notice is if the Milky Way were the center of all cosmic rotation. Redshift surveys of galaxies in the universe detect motion only toward or away from us. The sideways component of a galaxy’s motion is unmeasurable by all existing observational methods.

      If the Milky Way were instead positioned anywhere other than the center of a rotating universe, then the redshift surveys would show large sections of the universe approaching us, other sections receding from us, and still other sections that are neither approaching nor receding.

      None of this is observed.

      Taking it up a notch, astronomers have even looked for whether fast-rotating galaxies—almost entirely spirals like the Milky Way—all rotate the same way across the universe. Might they spin clockwise? Or counterclockwise? Or are their spins jumbled across space and time?

      Sadly (or happily), jumbled it is.
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            LIFE: HERE AND THERE

          

        

      

    

    
      The most frequently asked question in all of astronomy appears in this chapter. Most people share an almost primal need to know if life exists on other planets. To appreciate the barely fathomable size and contents of the universe is to recognize how egocentric it is to think Earth is the only planet with life.

      Nobody yet knows what extraterrestrials would be like. Meanwhile, some aspects of life on Earth remain mysterious. Regardless of this ignorance, life on Earth remains the one example of life as we know it. Any experimental and observational search for life in the universe is likely to carry this inherent but forgivable bias. Even in science fiction films, evil, grotesque (or cute and friendly) aliens tend to have two eyes, a nose, a mouth, a head, a neck, shoulders, a torso, arms, fingers, legs, and feet. No matter how weird the alien looks, it often resembles a human more than a human resembles other forms of life on Earth, like jellyfish, amoebas, or Venus flytraps.

      The next millennium of Earth civilization may herald interstellar space travel, thus increasing the chance of contacting extraterrestrial life other than Merlin.

      

      
        
        Dear Merlin,

      

      
        Has the growth of plants and animals had any appreciable effect on the gross weight of Earth?

      

      
        
        J. O. Edison

        Brooklyn, New York

      

      

      

      The gross weight of Earth, if you include the oceans and atmosphere, remains unaffected by the growth of plants and animals.

      The oceans supply the atmosphere with water vapor. The atmosphere supplies the ground with rain. The plants absorb the rain from the ground and grow. Some animals grow from the plants they eat. Other animals grow from the animals they eat. In this closed ecosystem, all weight is accounted for.

      

      
        
        Dear Merlin,

      

      
        What would happen if there were no Moon? How would this affect Earth, the oceans, the weather, plant life, and the things on Earth?

      

      
        
        Joseph Kolgat Jr.

        Milwaukee, Wisconsin

      

      

      

      If the Moon were to go away, we don’t expect the weather or climate to be much affected, nor plant life, nor geological processes such as mountain building, earthquakes, etc.

      The tidal sloshing of the oceans against the continental shelves, however, would be reduced considerably. The smaller tidal effects from the Sun would still remain. In turn, the slowing of Earth’s rotation, caused by the tides, would be reduced.

      The rise and fall of the tides may have aided the transition of sea life, through its amphibious phase, to land animals, by stranding some fishes on the shores as the tides recedes. Without the Moon, Merlin may well have been answering questions posed by fish.

      Other miscellaneous effects: Books and lore on werewolves would have never been written. The time interval “month” would either not exist or have another name. There would have been no NASA Apollo missions. And lunatics would be in the market for a new identity.

      

      
        
        Dear Merlin,

      

      
        How would the Sun affect Earth if Earth lost its ozone layer?

      

      
        
        Richard Belote

        Wimberley, Texas

      

      

      

      Ozone is a simple gas molecule that contains three oxygen atoms. Found primarily in Earth’s stratosphere, it absorbs over 99 percent of the harmful ultraviolet rays (UVB and UVC) and X-rays from the Sun. Ultraviolet light is particularly harmful to Earth-life. If, somehow, Earth lost its protective ozone, then a chain of events would unfurl that redetermined the ecological balance of life as we know it.

      
        
          	
        Indoor tanning salons would go out of business immediately.
      

      	
        Humans, especially light-skinned people, exposed to sunlight would rapidly sunburn, contract skin cancer, and risk irreversible damage to their retinas.
      

      	
        Crop yield would drop significantly. The germination and insect resistance in many plants is adversely affected by exposure to UV light. The list includes corn, wheat, and rice, representing more than half the total caloric intake of the world’s eight billion humans.
      

      	
        Surface-swimming phytoplankton, not shielded by the natural UV absorptive properties of water, would die completely, thereby knocking out the base of the oceanic food chain, sending waves of extinction across the aquatic tree of life. By the way, phytoplankton also produce 80 percent of Earth’s oxygen.
      

      

      

      A new ecosystem will emerge that is dominated by underground fungi and scattered UV-resistant life-forms.

      In the 1980s, during the time it took to read this answer, a thousand pounds of ozone-destroying chlorofluorocarbons were released into the atmosphere by underarm deodorant sprays, paint sprays, escaped refrigerants, and hair sprays. By the late 1980s, the Montreal Protocol under the Vienna Convention mandated that chlorofluorocarbons be phased out of production, distribution, and use. By 2009, all 197 of the world’s countries recognized by the United Nations signed the protocol. That level of agreement among the world’s humans had never before been achieved, and has not been achieved since.

      The prospect of extinction can be quite motivating.

      

      
        
        Dear Merlin,

      

      
        Do you know of any other star, besides our Sun, that has a solar system with planets?

      

      
        
        James Contrada

        Malverne, New York

      

      

      

      Based on recent data, we expect most stars in the Milky Way galaxy to harbor exoplanets.

      Detecting them has been one of the great challenges and achievements of modern astrophysics. Planets emit no visible light of their own—just reflected light from the star they orbit. And that light is completely overrun by the light of the host star. Akin to detecting the light of a firefly lost in the beam of a Hollywood-style searchlight. But that didn’t stop astrophysicists. Using telescopes with specially designed optics, you can blot out starlight the way the Moon blocks the Sun during a total solar eclipse, revealing all that might be orbiting the star. Also, planets around newly formed star systems emit (invisible) infrared light, which can be detected from orbit by specially designed infrared telescopes.

      The discovery of planets orbiting other stars began in 1995. Their presence was inferred from the jiggly motion of the host star moving in response to the planet’s gravity while it orbits. This technique is excellent for discovering high-mass, high-gravity Jupiter-style planets.

      Most exoplanets today are discovered in star systems seen edge-on to our line of sight. Observe the host star’s light long enough, maybe it will dim by a little bit. If that repeats at regular intervals, you’ve got a planet eclipsing the host star, passing exactly between you and the star itself. With enough data, you can tell if there is more than one planet in the star system. And, of course, you get their orbital periods for free.

      The exoplanet catalog, as of this printing, using all methods of detection, is rising through six thousand. Before 1995, that number was zero. For all people born from 1995 onward, Merlin officially declares you to be Generation X—o p l a n e t.
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        Dear Merlin,

      

      
        What is the statistical probability of other planets similar to Earth existing in other solar systems, and even other galaxies?

      

      
        
        Stephen Browning

        Fort Worth, Texas

      

      

      

      The exoplanet catalog contains hundreds of earthlike planets orbiting sunlike stars. So the answer is 100 percent. But let’s estimate how many in total.

      Since the Sun (an unremarkable star) has eight planets, we consider planets to be quite common in the universe. Let’s assume that every star has ten planets to make the math simple.

      There are approximately 1,000,000,000,000,000,000,000 (one sextillion) stars in all the galaxies of the observable universe. About half of all these stars are part of double or multiple systems that render a planet’s orbit unstable. About half of the remaining stars were formed in the early universe when elements heavier than hydrogen and helium were rare, but necessary to form planets.

      A special feature of planet Earth (as well as Merlin’s home planet, Omniscia) is that it orbits at the right distance range from the Sun to sustain liquid water, an essential ingredient to life as we know it. If Earth were closer to the Sun its water would evaporate. Farther from the Sun and Earth’s water freezes. The width of this special “Goldilocks” zone is extremely narrow for the stars that are much cooler than the Sun. They are poor candidates for earthlike planets, but there are tons of them. Ninety percent of all stars fit this category. So maybe they contribute too.

      For the rest of the stars, if only about one planet in ten (using your solar system as a model) can sustain liquid water, then Merlin’s abacus shows we are left with about 25,000,000,000,000,000,000 (25 quintillion) earthlike planets in the universe.

      Estimating the fraction of these planets with intelligent life is considerably more speculative, although Merlin counts at least two such planets.

      

      
        
        Dear Merlin,

      

      
        Could the rings around the other planets of the universe hold remnants of man-made objects from a civilization that inhabited one of the exploded planets?

      

      
        
        C. W. Barnes

        Dallas, Texas

      

      

      

      Merlin has never seen a planet explode, nor does Merlin know of any physical reason why a planet should explode, nor has Merlin ever seen “man-made” objects in another civilization.

      But if there were aliens on another planet that owned “alien-made” objects, and if their planet exploded, and if the explosion didn’t vaporize their cultural artifacts, and if the debris came in the vicinity of another planet, and if the debris had just the right speed and angle of travel to be captured in orbit around this other planet, then yes, it is possible to find archaeologically interesting objects in the rings of planets.

      

      
        
        Dear Merlin,

      

      
        I like to read about the possibility of planets elsewhere in the universe that are similar to Earth. Given the unwillingness and reluctance of people in this and other countries to accept persons of different race or ethnic backgrounds even though we are basically the same, how do you think we would receive intelligent life from another world that might be totally different from anything we know?

      

      
        
        William James

        Cincinnati, Ohio

      

      

      

      There is some hope.

      Earthlings seem to have accepted Merlin from the Andromeda galaxy.

    

  


  
    
      
        
          
          

          
            POSTSCRIPT

          

        

      

    

    
      
        
        If you are now a little more

        Cosmic’ly enlightened,

        And if you are now a bit more

        Scientifically tuned,

        And if you now have a fellowship

        With the universe,

        Then it will be no effort for you to

        Keep looking up.

      

      

      
        
        —Merlin

      

      

    

  


  
    
      
        
          
          

          
            APPENDIX

          

        

      

    

    
      
        
        number names

      

      

      
        
        1 | one | 100

        10 | ten | 101

        100 | one hundred | 102

        1,000 | one thousand | 103

        1,000,000 | one million | 106

        1,000,000,000 | one billion | 109

        1,000,000,000,000 | one trillion | 1012

        1,000,000,000,000,000 | one quadrillion | 1015

        1,000,000,000,000,000,000 | one quintillion | 1018

        1,000,000,000,000,000,000,000 | one sextillion | 1021

        One followed by one hundred zeros | googol | 10100

        One followed by a googol zeros | googolplex | 10googol
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