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Author's Note
I am not an astronomer. I have no degree in this subject and no equipment beyond what fits in the trunk of a car. What I have is a decade of standing outside at hours when sensible people are asleep, looking up, and writing down what I saw.
For ten years I hosted a small podcast about the night sky, and every episode began the same way: here is what is up there, and here is when to look. Listeners wrote in with their own sightings, their own missed eclipses, their own questions I could not answer. This book grew out of that exchange. It is not a textbook. It is a record of one observer's apprenticeship to the sky, with the mistakes left in, because the wrong turns are part of the map.
People say astronomy is a humbling line of work. I can confirm this from the field. The sky does not care what I expected to see. It operates on its own schedule, and the observer's whole job is to show up, pay attention, and report honestly. When I am certain in these pages, I say so. When I am guessing, I say that too. An honest "I cannot tell" is worth more than a confident mistake.
The events in this book are real, and the dates have been checked against the record, including a few I remembered differently. The photographs are my own. If this book sends you outside on a clear night, away from the town glow, with your face tipped up and your eyes going dark-adapted, it has done everything I hoped.
Clear skies.
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Part I: The Solar System

Chapter 1: The 2017 Total Solar Eclipse: Local Noon and the Shadow
The Drive and the Wait
In December 2015, a friend and I launched a Kickstarter for a 2017 night sky calendar. We were building it together, marking the phases of the Moon, the meteor showers, the planetary alignments. I remember saying that year that there was an eclipse coming up, something we could mark on the calendar. I had no sense then how much that date would matter. I had seen partial eclipses before (one in elementary school, another in middle school, and an annular eclipse in May of 2012). For that one I drove south, down into southern Oregon where the center line of the shadow crossed the state. An annular is not a total. The Moon is too far from Earth that day, a little too small in the sky, and it cannot cover the Sun. For a few minutes in the early evening there was a ring of fire standing low in the west (a perfect circle of light with a dark disk inside it). By seven-thirty it was over, and I drove home in the dark. I knew what it meant for the Moon to slide in front of the Sun.
[image: The ring of fire, the annular eclipse of May 20, 2012, from the path in southern Oregon]NS-8: The ring of fire, the annular eclipse of May 20, 2012, from the path in southern OregonI did not know what totality would feel like.
We left at three in the morning. I had been watching the weather for days, watching the path of totality creep across the map of Oregon. The total eclipse express, they called it. The shadow would cross the state from west to east, and we were close enough to drive into it. We went north, up through the Willamette Valley, into fields that farmers had harvested for hay. The farmers had tilled the soil and turned it over. It was bare dirt and horizon, which was what I wanted. I needed to see the sky from edge to edge. I needed to see what the light would do.
We arrived around four. There were no other cars. We set up in darkness with thermoses of hot chocolate. I had a Nikon D7000 on a tripod with a solar filter, programmed to shoot an interval time-lapse. I had other cameras in my hands. I had a video camera running for the astronomy club. I was trying to record everything and see everything at the same time, which I now understand is a way of missing things. But I had not learned that yet. I was still in the anticipation phase, where preparation feels like understanding.
Venus was already up. It was super bright in the east, brighter than I expected. I watched it as the sky began to lighten. I knew that if everything aligned, I would see Venus again during totality. It is a strange thing to consider (that a planet could be visible at ten in the morning).
Totality
The partial phase began and I barely noticed. The light changed slowly, the way light always changes slowly. The Sun became a crescent. The shadows on the ground turned into crescents too, filtering through the leaves of the few trees at the edge of the field. It was weird light. Not like a cloud passing over. Dimmer, but sharper. The Sun itself was dimmer, but the shadows were not soft. It felt different.
Then totality. It lasted about ninety seconds. I was not at the center line, and I regret that now. I was close (near Albany, across from Corvallis, out in the fields), but not close enough. If I had driven a little further north, I would have had more time. Ninety seconds is long enough to understand what is happening and short enough to miss part of it. The corona appeared. That ring around the Sun, the crown. I had read about it. I had seen photographs. But the photographs are not the thing. The thing is the darkness that comes from the middle of the day. The sky goes deep. Not night-dark, but space-dark. And the stars come out. Not all of them. But I saw Venus again, immediately, where it had been in the morning. I saw Sirius, low in the south. I saw a few other stars near the horizon. They were there for less than two minutes, and then they were gone.
It was otherworldly. Surreal. Almost alien. I understand why people chase eclipses. I understand why someone would become an eclipse junkie, driving to the center line, calculating the extra seconds, planning years ahead. I took photographs during totality. I had a camera in my hand and I was trying to capture the corona, the darkness, the burst of light around the edge. Some of them came out well. But the tough thing about events like this, especially when it is the sky, is that everyone gets the same photograph. The Sun looks the same from every field in Oregon. What matters is where you were standing when it went dark.
[image: The partial phase through a shade-14 filter card, the Sun as a crescent]NS-7: The partial phase through a shade-14 filter card, the Sun as a crescent[image: The corona during totality]PB-01: The corona during totalityThe Return
We did not beat the traffic out. We had beaten it going in (the advantage of leaving at three in the morning), but after totality everyone left at the same time. The four days of heavy traffic moving in concentrated into a few hours moving out. Traffic backed up Peoria Road all the way to Harrisburg and Junction City. Highway 226 toward Madras was terrible. I heard from a friend who took Highway 97 south that his group was still crawling. Another group took the long way around, 395 to Lakeview to Klamath Falls, and was already home.
My Instagram feed filled with eclipse photographs. A climbing photographer and his team had shot a slack-liner between Monkey Face and the main wall at Smith Rock, right during totality, with the Sun behind him. There were rock climbers on the side of the mountain, roped off, with the eclipsed Sun above them. It may have been the most recorded celestial event in human history. Everyone with a camera had it pointed up. Everyone with a phone was posting. I put up a video clip on Instagram, a time-lapse of the sweep of darkness passing over, then passing by. It seems so quick in the time-lapse. I watched it a bunch of times and thought: if only I could do it again.
The Saros
The eclipse was Saros 145, the twenty-second member of a series that began in 1639 and will end in 3009. The Saros cycle is not a coincidence. It is a mathematical alignment of three lunar months (the machinery of it lives in Chapter 11), producing a period of eighteen years, eleven days, and eight hours. The eight-hour shift means each Saros eclipse is visible 120 degrees of longitude to the west of the one before it. After three cycles, fifty-three years and thirty-four days, the eclipse returns to roughly the same geographic location. Three cycles times 120 degrees equals 360 degrees, a full rotation of the globe. The Babylonians recognized this pattern by at least 650 BCE, recording it on clay tablets as empirical knowledge without theoretical understanding. They could predict when an eclipse would occur. They could not say why.
The path of totality on August 21, 2017, was about sixty-eight miles wide. It crossed Oregon at roughly twenty-two hundred miles per hour and continued across Idaho, Wyoming, Nebraska, Kansas, Missouri, Illinois, Kentucky, Tennessee, North Carolina, Georgia, and South Carolina. The Moon's shadow on Earth is always smaller than the Earth's shadow on the Moon. That is why total solar eclipses are rarer and more geographically constrained than total lunar eclipses. A lunar eclipse is visible to half the planet. A solar eclipse is visible to a strip of land sixty-eight miles wide. The geometry is simple but unforgiving: the Moon's umbral cone must touch the Earth's surface, and that cone is never more than about 170 miles across at its widest point.
The geometry is precise but local. Two months after the eclipse, I was discussing it with a friend and I realized something I had not fully grasped during totality. The eclipse did not happen at the same time for everyone. In Corvallis, totality was at 10:22. In Burns, it was at 10:27. That five-minute difference is the time it takes the Moon's shadow to move across the state. The Sun is moving physically across space, and the Moon is moving in front of it, and the shadow is racing along the ground at more than two thousand miles per hour. High noon is not a clock time. It is a local event. It happens when the Sun crosses your meridian, not when the calendar says twelve.
That explains why time zones are a compromise. They average the local noon across a fifteen-degree strip of longitude and call it one hour. But municipality to municipality, the Sun reaches its highest point at a slightly different clock time. The eclipse exposed this. It made the abstraction visible. You could see the shadow move. You could see that totality was a local phenomenon, happening first in one place and then in another, always fleeting, always specific.
The ancient Chinese recorded eclipses as early as 2000 BCE, attributing them to celestial dragons consuming the Sun. The Babylonians, by 650 BCE, had moved past mythology to pattern recognition, identifying the Saros cycle in the Enuma Anu Enlil tablets. Herodotus credits Thales of Miletus with the first eclipse prediction in the Western tradition, around 585 BCE (the battle story is told in Chapter 13). What matters is that by the sixth century BCE, human beings had figured out that eclipses were periodic, not random. The sky operated on a schedule that could be decoded.
What It Means
I think about the people who saw eclipses before they understood what they were. Before the heliocentric model. Before Newton. Before anyone knew that the Moon orbits the Earth and the Earth orbits the Sun. They mapped the pattern. The Babylonians figured out the Saros cycle eighteen centuries before anyone could explain why it worked. They could predict an eclipse without knowing the mechanism. That is empirical knowledge (observation without theory). It is the foundation of everything that came later.
But the experience must have been terrifying. The Sun goes out amid the day. The stars appear. The temperature drops. The animals get quiet. If you do not know it is coming, if you do not have the Saros cycle written on a clay tablet, what do you think is happening? The Romans recorded that a solar eclipse during the Peloponnesian War caused panic among the sailors. The ancient Chinese believed a dragon was eating the Sun. The Vikings blamed wolves. The fear makes sense. The sky is the most reliable thing in human experience, and then it fails.
I knew it was coming. I had it marked on a calendar I helped design. I understood the orbital mechanics well enough to explain why it happened. And I was still moved by it. The knowledge did not diminish the experience. If anything, it deepened it. I knew that the corona was million-degree plasma held in place by magnetic fields. I understood that the darkness was the Moon's shadow, not a dragon. But knowing what it is does not tell you what it feels like to stand in a harvested field at ten in the morning and watch the stars come out.
The Saros cycle does not care who is watching. It operates on its own schedule, indifferent to human ambition or human fear. But the experience of watching is deeply personal. It happens at a specific latitude and longitude, at a specific local time, in a specific field, with specific stars appearing in the darkened sky. That specificity is the point. The eclipse is universal. The observation is local. The patience is human.
Chapter 2: The Great Conjunction: Jupiter Meets Saturn
The Observation
On December 21, 2020, I drove to Corvallis to see Jupiter and Saturn. My father was there. It was a clear evening, cold but not freezing, and the sky in the southwest was still bright from sunset when we started looking. The planets were in Capricornus, low toward the horizon, and they were close. Not just close in the way planets usually are. Close enough that at arm's length they looked like one object with two points of light merged together. That was the whole observation. Two planets. One thumb. A clear night in December. I did not need a telescope. I did not need binoculars. I just needed to know where to look and to be there on the right night. The separation was roughly 0.1 degrees. I know that number from reading about it afterward. At the time I just knew they were closer than I had ever seen two planets. They looked like a double star. The close binary system where two suns orbit each other so closely that they blur into a single point from Earth. Except these were not stars. They were planets. One was Jupiter, the king planet, bright and steady. The other was Saturn, dimmer, with rings I could not see without magnification. From where I stood they were just two lights, almost touching. It was the closest they had been since 1623. No one alive had seen them this close. That is what the articles said. I believed them without verifying the math. The math, when I looked it up later, checks out. The 1623 conjunction was 0.08 degrees apart, slightly closer than 2020, but it happened too close to the Sun to be visible. The last one people saw was 1226, almost eight hundred years earlier. I was not planning for an eight-hundred-year event. I just happened to be outside on the right night. The drive to Corvallis took about an hour from where I was. I had checked the weather. I had checked the coordinates. I knew the planets would be low in the southwest within an hour of sunset, and I knew they would set not long after. The window was narrow. If the clouds had come in, or if I had been late, I would have missed it. That is the nature of these events. The geometry is reliable. The weather is not.
My father and I watched them set. The sky darkened from orange to blue to black. The planets dropped toward the horizon, still paired, still close, until the haze and the distant trees swallowed them. We did not say much. There was not much to say. Two planets were close together. We had seen it. That was the observation. It took maybe half an hour from start to finish. No equipment. No special location beyond a clear view to the southwest. Just two planets doing what they do every twenty years, except this time they did it closer than usual.
The Twenty-Year Cycle
A great conjunction is not rare. Jupiter laps Saturn roughly every twenty years (19).85 years, to be more precise. The math is simple if you know the orbital periods. Jupiter takes 11.86 years to circle the Sun. Saturn takes 29.5 years. The synodic period, the time between alignments, is calculated as 1/S = |1/P1 − 1/P2|. Plug in the numbers and you get about 19.85 years. Every two decades, Jupiter catches up to Saturn from behind, passes it, and pulls ahead. From Earth, they appear close together in the sky for a few weeks. What made 2020 special was not the conjunction itself. It was the closeness. The planets were 0.1 degrees apart (one-fifth the width of the full Moon). This happens because the great conjunctions do not occur at random positions in the zodiac. They cluster. For roughly sixty years, the conjunctions fall in the same triplet of constellations (in the Earth signs, or the Fire signs, or the Air signs). Then they shift to the next triplet. The 2020 conjunction was near the end of an Earth-sign cluster, which meant the planets were aligned almost along our line of sight. If the conjunction had happened a few years earlier or later, the angle would have been wider and the separation larger. The 1623 conjunction was slightly closer, 0.08 degrees (but it occurred only thirteen degrees from the Sun, lost in solar glare). No one saw it. The last visible great conjunction this close was 1226, when Jupiter and Saturn were about two arcminutes apart (a fifteenth the width of the full Moon), and visible in the morning sky. That conjunction happened near the Great Comet of 1222, which may have still been visible as a faint smudge. The 2020 event had no comet. Just the two planets, clear and sharp, on the winter solstice. The coincidence with the solstice is not astronomical. It is calendrical. The winter solstice is a human marker (the shortest day, the longest night, the turning point of the year). The planets do not know this. They reached their closest approach on a date that humans had already assigned meaning to. Every news outlet noted the overlap. I noted it too, though I understood that the planets were not celebrating the solstice. They were just there.
Johannes Kepler, in 1603, proposed that the Star of Bethlehem was a triple conjunction of Jupiter and Saturn in 7 BCE. A triple conjunction occurs when Jupiter passes Saturn, then retrogrades, appears to move backward, and passes Saturn again. Then it retrogrades once more and passes a third time, all within a single year. This happens because Earth is also moving, and our perspective creates the illusion of backward motion. In 7 BCE, Jupiter and Saturn met three times in the constellation Pisces. Kepler, who discovered the laws of planetary motion, calculated the orbits backward and found the alignment. He suggested that the Babylonian magi, the wise men of the biblical account, would have recognized the pattern as an omen of royal birth. The Babylonians did track planetary conjunctions as omens. Their cuneiform tablets record hundreds of observations: "If Jupiter approaches Saturn, the king will have no rival." "If Mars enters the conjunction, there will be mourning in the land." Jupiter was the king planet. Saturn was law and authority. Their meeting signaled a change of regime. The magi who traveled to Bethlehem were likely Babylonian astronomers who had calculated the 7 BCE triple conjunction and interpreted it as the birth of a new king. Whether the star was literally the conjunction or something else, a comet, a supernova, a literary device, the astronomical event was real, and the interpretation was consistent with Babylonian practice. The 2020 conjunction carried no such weight. It was a geometric coincidence, visible to anyone who looked up, explained by orbital mechanics that have been understood for four centuries. But the mechanics do not diminish the sight. Two planets, merged into one point of light, low in the southwest on the shortest day of the year. The math predicts it. The eyes confirm it.
What It Meant
I saw the Great Conjunction with my father. The same person who showed me the Big Dipper when I was a child. Who traced the arc to Arcturus with a beer bottle. Who pointed out Cassiopeia and Capella and the little wisp that is another galaxy. We did not talk much. We just stood there and watched the two planets sink toward the horizon. That was enough. The cycle is longer than a human life. Nineteen or twenty years between conjunctions. Eight hundred years between the closest ones. That is not a sad thing. It is just a measurement. The Solar System operates on a timescale that does not care about human generations. What struck me was how simple the observation was. No telescope. No drive to a dark site. No planning beyond knowing the date and checking the weather. I just went outside and looked up. The planets were there. They had been there for weeks, getting closer each evening. I could have missed it. The sky is full of things I miss. But on this night, I was outside, and the sky was clear, and the two brightest objects in the southwest were almost touching. I have seen Saturn's rings through a terrible telescope. I have seen Jupiter's moons as four points of light. I have photographed the Milky Way and tracked Mars through Scorpio. But the Great Conjunction was different. It was not about detail. It was about scale. Two planets, hundreds of millions of miles apart, lined up so precisely from my position on Earth that they looked like one star. The alignment was not for me. It was just geometry. But I was there to see it, and that is the only part of the equation that involves me.
My father was there too. That is the part I will remember. Not the 0.1 degrees. Not the 1623 comparison. Not the theories I read about later. Not the ancient explanations. Just two people, outside on a cold night, watching two planets do what they have done for thousands of years. They will do it for thousands more, whether anyone is watching or not.
Chapter 3: Mars at Opposition: Why the Red Planet Goes Backward
The 2003 Opposition
I remember the opposition in 2003. I was fifteen. They said it would be the brightest and closest Mars for a long time, and I believed them without understanding what that meant. I looked up.
It was red and it was bright. That was the extent of my analysis. I did not know about orbital eccentricity or opposition geometry. I knew it was impressive. That was enough.
Thirteen years later, in 2016, a friend and I camped at Hart Mountain over Memorial Day weekend. The refuge is in southeastern Oregon near the Nevada border, a hundred miles in every direction from a real town. The only light we could see was from French Glen, eighty or ninety miles away, and that was everything.
The sky was dark enough that the Milky Way looked like a structure, not a suggestion. Mars was in Scorpio. Saturn sat nearby, and Jupiter was a few constellations further west. But Mars dominated the southern sky.
It was red and bright, and it did not twinkle. The stars around it did, little shivers of light, especially low toward the horizon where the atmosphere was thickest. But Mars held steady. That is the test.
A star is a pinpoint. Its light crosses trillions of miles uninterrupted, then hits our atmosphere and breaks into interference patterns. A planet presents a disk. The turbulence affects different parts of the disk at different moments, and the effects average out. The light holds still.
What I recall most is the silhouetting. We could see how lit the sky was, and how much contrast we could see from the mountains in the distance. Mars was bright enough to cast shadows against the ridge lines.
I had never seen a planet do that. A planet is not supposed to be a light source. It should be a point, an object, a destination. But that night Mars functioned like a dim lamp hung in the southern sky.
We tried the telescope. It was a little toy telescope, the camping kind I could throw in the back of the truck. Looking at Mars through it was not that rewarding. You should be able to see the ice caps, the white top of the planet, but we were not able to make clear details out through what we were looking at. It worked for Jupiter's moons. It worked for Saturn's rings. It did not work for Mars.
We put it down and went back to our eyes. The naked eye was the better instrument that night.
The ISS and Satellite Flares
Then the International Space Station came through. It moved from southwest to northeast, brighter and more sustained than any satellite I had seen.
Most communication satellites track north to south, or south to north, a little east of the zenith. The ISS cuts across the sky in its own pattern, and you can tell it apart just by its motion. Later that night we caught satellite flares (brief flashes as solar panels caught the last of the sun). They were bright as the ISS for a second, then dimmed as the satellite passed out of the twilight and back into Earth's shadow. It is strange to watch artificial light out there, where the dark is so complete that even a passing satellite feels like an event.
The Twenty-Six-Month Cycle
Mars oppositions occur every twenty-six months, when Earth catches up to and passes Mars on the inside track. During this window, Mars rises around sunset and is visible all night, reaching maximum apparent size and brightness. The geometry is simple: Earth is the faster inner planet, completing an orbit in 365 days, while Mars takes 687 days. Every two years and two months, Earth laps Mars like a runner overtaking a slower competitor on an inner lane.
The magnitude range is dramatic. When Mars is on the far side of its orbit, it shines at roughly magnitude +1.5 (a respectable point, but not dominant). At opposition, it can reach -2.5 or brighter. That is a difference of roughly four magnitudes, which translates to about forty times in brightness.
Mars is one of the most variable planets in the night sky. For as bright as it is at opposition, Mars can fade to just one of the densest little points in the sky when it is on the far side of its orbit. The 2003 opposition brought Mars to within 34.6 million miles. That was the closest approach in nearly sixty thousand years, according to calculations at the time. The 2016 opposition in Scorpio was favorable but not exceptional.
Astronomers predicted the 2018 opposition in Capricornus would be closer and brighter than 2016, though still not matching 2003. By October 2020, observing from Maui, Mars had already passed opposition and was dimming, a red point in Capricorn moving back toward prograde motion. The two-year cycle runs on its own schedule.
Retrograde Motion
The retrograde motion lasts about seventy days. Mars appears to move backward through the constellations, westward against the normal flow, then stops and reverses. This is an optical illusion created by Earth's faster orbital speed overtaking the red planet. Ancient astronomers found this maddening. Ptolemy, working in Alexandria in the second century CE, built a geocentric model that placed Earth at the center of the universe.
To explain retrograde motion, he added epicycles (small circles that Mars traveled around while the larger circle carried it around Earth). The model worked mathematically. It predicted positions accurately enough for naked-eye observation. But it was wrong about the physical arrangement.
Copernicus solved the problem in 1543 by putting the Sun at the center. In his model, retrograde motion was not a real reversal but a perspective effect, like watching a slower car appear to move backward as you pass it on the highway. The explanation was simpler and more elegant than Ptolemy's epicycles, but it took more than a century to gain acceptance. Tycho Brahe tried a compromise (Earth at the center, Sun and Moon orbiting Earth, everything else orbiting the Sun).
The compromise failed. Johannes Kepler, using Brahe's precise observational data, showed in 1609 that the orbits were not circles but ellipses. Mars was his test case. He chose it because Brahe's data on Mars were the most complete, and because Mars's orbit is the most elliptical of the naked-eye planets.
The slight deviation from circularity was measurable, and it broke the perfect-circle assumption that had governed astronomy for two millennia. The elliptical orbits explain why not all oppositions are equal. Mars reaches perihelion, its closest point to the Sun, at different times in its cycle. If Earth overtakes Mars near Martian perihelion, the opposition is close and bright. If the overtaking happens near aphelion, the opposition is distant and dim. The 2003 opposition occurred near perihelion. The 2012 opposition was near aphelion, and Mars was correspondingly faint. The 2016 opposition was intermediate.
The Twinkling Test
The twinkling test remains a reliable field method. Stars twinkle because they are point sources. Their light is a single coherent wavefront that atmospheric turbulence breaks into shifting interference patterns. Planets present a resolved disk. Turbulence affects different parts of the disk differently, and the effects average out across the face. The result is steady light. The test is not infallible. A bright star high overhead in calm air will hold nearly steady, and a low planet in turbulent air may show some flicker. But it works well enough for casual identification.
Humidity makes twinkling more pronounced, because water vapor adds another layer of atmospheric disturbance. On that night at Hart Mountain, with the air dry and the elevation high, the difference was unmistakable.
What a Telescope Reveals
I want to upgrade our telescopes. That night at Hart Mountain made it clear. A six-inch refractor, maybe, or a bigger Dobsonian. Something that can show the ice caps on Mars, the dark markings, the details that the little toy telescope cannot resolve.
The same instrument that shows me Jupiter's moons and Saturn's rings fails on Mars. That is not a flaw in the telescope. It is a mismatch between the tool and the target. Mars at opposition is bright but small. The features require more aperture than I have. I know that now. But the naked eye was sufficient that night. I could not resolve Mars as a target. I experienced it as a light source. The shadows against the ridge lines, the steady red glow among the flickering stars, the sense that a planet had become temporarily luminous (these were not details to be magnified). I witnessed them as phenomena. The telescope would have shown me a larger red disk. My eyes showed me a planet acting like a lamp.
Mars is the most variable naked-eye planet. Venus is brighter, Jupiter is bigger, but Mars changes. It goes from a dominant light source to an insignificant point on a schedule I can predict but cannot control. In 2014 it was in Virgo. In 2016 it moved to Scorpio. In 2018 it would be in Sagittarius and Capricorn, brighter and closer. I do not need to see every opposition. I need to know that they are happening, and to catch the ones I can.
The 2003 opposition is my benchmark. I was fifteen and had no framework for what I was seeing. I understand it now, and the understanding adds a layer. It does not replace the brightness. It anchors it. In 2003, Mars was impressive because it was bright. In 2016, Mars was impressive because I knew why it was bright.
The mechanism and the experience are not separate things. They are the same observation at different depths. The camping telescope is still in the truck. I still use it for Jupiter, for the Moon, for bright star clusters. I do not use it for Mars anymore. I know what it can do and what it cannot. That knowledge is specific and you earn it. It came from a night in southeastern Oregon when a planet was bright enough to cast shadows and a telescope was not good enough to show me why.
I did not need the why that night. I needed the shadow. I got both.
Chapter 4: Comet NEOWISE: How to See a Great Comet
Childhood Comets
I was in third or fourth grade when I saw my first comet. Hale-Bopp was visible for what seemed like three months, cruising across the skyline in the low corners of the northwestern and western skies. I recall the brightness, and that it was there long enough that I stopped looking. You notice it, then you stop noticing it, then it is gone and you wonder where it went.
The year before that (or maybe it was the same year, my memory conflates them), there was another one. It was straight up in the air, not near the horizon like Hale-Bopp, and it was only visible for about a week. It had two tails. I believe it was Hyakutake. That was the one that made me understand comets were not just bright lights. They were objects with structure. I did not yet understand the structure: a dust tail and an ion tail. I just knew there were two of them, and that seemed important.
I missed Halley's Comet by two years. I was born in 1988. Halley came through in 1986. The next return is 2061. I will be seventy-three. The comets I saw as a child were not the famous one. They were the ones that happened to arrive while I was looking up.
The NEOWISE Drive
In July 2020 I drove to Eastern Oregon to see NEOWISE. I had tried from the Willamette Valley first, at two or three hundred feet elevation, where the haze and the light pollution turn every faint object into a suggestion. NEOWISE was visible there, a fuzzy smudge below the Big Dipper, but the tail was faint. I knew the comet had more to show.
I knew because I had seen photographs online that showed a tail stretching degrees across the sky. So I drove east, to the desert, to the John Day River. I found a dispersed camping site where I was the only person for miles. One SUV with fishermen had passed a bend in the river a couple of miles up; they never came back. I arrived before dark and set up the camera on a tripod and waited. I had the 10x40 binoculars and the camera with a wide-angle lens.
I waited until about 10:30 PM for full dark, and I observed until about 1:30 AM when the comet dipped below the horizon. In that window, NEOWISE was a naked-eye object with a tail a couple of inches across the sky below the Big Dipper. Through the binoculars I could almost make out the second tail, the ion tail, fainter and straighter than the dust tail, pushed directly away from the Sun by the solar wind. The camera was harder than the binoculars.
Astrophotography requires manual focus (autofocus hunts on stars and never locks). I set the focus ring to infinity and backed it off slightly, because stars go fuzzy at true infinity on most lenses. I took test shots and checked them on the camera screen, zooming in on a bright star to see if the point was tight or bloated. The screen was small and the star was dim and my eyes were not fully dark-adapted because I kept checking the screen.
That is the trade-off. You can look through the eyepiece, or you can look at the screen, but you cannot do both and keep your night vision. I photographed the comet setting against the hillside landscape. The Big Dipper scooped low toward the horizon. The tail angled up and away from the Sun's last position. The binoculars gave me both.
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Astronomers discovered NEOWISE, officially C/2020 F3, in March 2020 using the NEOWISE space telescope, a repurposed infrared survey telescope in Earth orbit. It reached perihelion on July 3, 2020, and peaked at roughly magnitude 2, bright enough to be visible to the naked eye from dark locations. It was not a great comet. It was a good comet, visible, memorable, but it did not reach the brightness of Hale-Bopp or Hyakutake.
The tail stretched roughly 10 degrees at maximum (impressive, but not unprecedented). Hale-Bopp, C/1995 O1, was a great comet. It reached magnitude minus 1.8, brighter than most stars, and remained visible to the naked eye for eighteen months, from May 1996 to December 1997. Its nucleus was unusually large, estimated at 60 kilometers in diameter, which meant it had more material to sublimate and more dust to shed.
The two tails were obvious even from suburban locations: the broad, curved dust tail following the comet's orbital path, and the narrow, straight ion tail pushed anti-sunward by the solar wind. Hyakutake, C/1996 B2, was visible for only about a week in March 1996, but it was spectacular during that window. It passed within 0.1 astronomical units of Earth, closer than any comet in two centuries, and its tail stretched roughly 100 degrees across the sky, nearly half the celestial sphere. The proximity made it bright despite a relatively small nucleus.
A close pass means rapid apparent motion, and the comet traversed the sky in days rather than months. The name was Yuji Hyakutake, an amateur astronomer who discovered it with 25 by 150 binoculars (serious astronomical equipment, not the pocket kind). Halley's Comet, 1P/Halley, is the only short-period comet visible to the naked eye, with a 76-year orbital period. Its 1986 return was the worst viewing opportunity in two thousand years. Earth was on the wrong side of the Sun, the comet was at its most distant, and it was only barely visible from the Southern Hemisphere.
Observers have recorded the comet since at least 240 BCE, and Edmond Halley calculated its periodicity in 1705, making it the first comet recognized as a returning object rather than a singular omen. Comet Catalina, C/2013 US10, reached magnitude 4.6 in November 2015, technically within naked-eye range but difficult because it was a pre-dawn object, low on the horizon, competing with twilight. A friend and I discussed it in 2015, and there was talk of getting a telescope to see it properly. That never happened.
Catalina was on a hyperbolic trajectory (it had enough velocity to escape the Solar System entirely after this one pass). It will not return. That is a common outcome in astronomy: you hear about an object more often than you see it.
The anatomy of a comet is straightforward in principle. The nucleus is a mix of ice, dust, and rock, typically a few kilometers across. As it approaches the Sun, the ices sublimate, turn directly from solid to gas, releasing dust and gas into space. This forms the coma, a cloud of material surrounding the nucleus. The solar wind and radiation pressure then push this material into two distinct tails.
The dust tail is broad, yellowish, and curves along the comet's orbital path, because the dust particles retain some of the comet's orbital momentum. The ion tail is narrow, bluish, and points directly away from the Sun, because the ionized gas is light enough to be pushed radially by the solar wind. A comet's tails always point away from the Sun, regardless of which direction the comet is traveling. This was one of the key observations that established the existence of the solar wind in the first place.
The Right Tool
I have not seen a comet as bright as Hale-Bopp since I was a child. NEOWISE was good. Catalina was something I tracked and discussed. There will be others. Comets are discovered every year, most of them faint, a few of them promising, almost all of them disappointing to the naked eye.
The great comets are rare. They require a large nucleus, a close approach to the Sun, a favorable geometry against Earth, and clear skies at the right time. The alignment is improbable. Which is why they are memorable.
The 10x40 binoculars are the right tool for comets. They gather enough light to show the tail structure without requiring a tripod or dark adaptation. You can sweep the sky with them, moving from the Big Dipper down to the horizon, scanning for the smudge that is not a star. A telescope would show more detail but less context. A camera would capture the light but miss the immediacy. The binoculars split the difference. They are not specialized equipment. They are general-purpose tools that happen to work for astronomy.
Which is why I keep using them. The difference between childhood comets and adult observation is not just equipment. It is expectation. Hale-Bopp was bright and slow and I had no explanation for it. NEOWISE was dimmer and faster and I had learned why. In 1996 the bright light in the sky impressed me. In 2020 it impressed me again, and this time I knew it was dust and ionized gas pushed by the solar wind. The comet does not care whether you understand the mechanism. It just moves through the sky, shedding material, heading back out to the cold.
Chapter 5: Meteor Showers: Perseids, Orionids, and How to Watch
The First Fireball
I missed my first fireball in 2005. I was out on my bike that evening, sometime between half past seven and a quarter after eight, and I did not see it. I did not even know it had happened until the news told me. It was a Saturday in March. I would have sworn it was April, or maybe May, but the newspaper from the Monday after says March 12, a little before eight, and the newspaper had the advantage of being written at the time. Other people saw it. People in town, and people across the state, all reporting the same thing: a bright green light, low, moving across the sky and breaking apart as it went. I remember the ticker on channel 12 during a movie, the first Mission: Impossible. It said: bright light seen over town. Not a UFO. I knew the script from the old War of the Worlds broadcast. The new movie had not even come out yet. I went back out and looked up. The sky was ordinary. Whatever it had been, it was gone.
There were UFO warnings on the news the next day, which is funny in retrospect. It was just a rock, burning up, the kind everybody saw but me.
That was the beginning of my understanding that meteors were not random. They had schedules. They had sources. They were debris, and Earth ran into it on its orbit, and the collision produced light.
I did not know any of that in 2005. I just knew what the reports said: a green light had crossed the sky and broken apart, and it was not a UFO.
The Delta Aquariids and the Perseids
Eleven years later, in July 2016, a friend and I drove south of Eugene to watch the Delta Aquariids. We were in a country area, away from the downtown light pollution, but not far enough. The horizon was still glowy from the small towns fifteen or twenty miles away. We saw a handful of shooting stars. Not a storm. Not even a shower, really. Just a handful. The kind where you count them on one hand and then you stop counting because the numbers are not impressive. We had a 10-millimeter lens on the camera and we were trying to get wide-angle shots of the Milky Way. The meteors were a bonus.
They streaked through the frame sometimes, thin white lines against the star background. Most of them were small. None of them were fireballs.
The Perseids came two weeks later. We drove to Pine Mountain Observatory, east of the Cascades at six thousand five hundred feet. The air was thinner and the sky was darker than anything I had seen from the Willamette Valley. We looked through a 10-inch Dobsonian and a 24-inch electronically controlled telescope. Jupiter showed bands and moons. Saturn showed rings and three or four smaller dots. Andromeda was a fuzzy smudge even in the big scope. The Whirlpool Galaxy showed spiral arms and a companion galaxy being consumed. It was the kind of night that makes you understand why people build observatories on mountains.
[image: The observatory dome under a dark sky, red lights only]NS-14: The observatory dome under a dark sky, red lights onlyThen the fireball came, the first one I actually saw. It was green, the color they said the 2005 one had been, and it lit up the surroundings like lightning. For a second I thought it was lightning. So did a friend. But there was no thunder, no storm, no clouds. Just a green streak that brightened the ridge lines and the telescope domes and then faded, leaving an afterimage on my retinas. It was a Perseid, probably. Or maybe not. Fireballs are not always associated with showers. Sometimes they are just random chunks of rock that happen to intersect Earth's orbit at the wrong moment. The green color meant a metal burning (copper, or magnesium). I did not know that then. Knowing it now does not change what I saw.
The Orionids in Moonlight
In October 2020 I was in Maui, on the western hillside, two days after the Orionid peak. The full Moon was up. The Hunter's Moon, they call it. It was so bright that only six or seven stars were visible in the entire Milky Way zone between Vega and Altair. The Summer Triangle was there, but light pollution washed out the Milky Way between them. Mars was bright and obvious. Saturn sat low near Sagittarius. Taurus and the Pleiades were rising. Orion was getting close, due east. Canopus was visible, which you cannot see from the mainland United States. It is the second-brightest star in the sky, and most Americans never see it because it is too far south.
I saw no Orionids that night. The full Moon was the problem. It was light pollution from nature, and it was worse than the towns south of Eugene because it was everywhere, all at once, washing out everything fainter than second magnitude. I knew the meteors were there. The Orionids are debris from Halley's Comet, and Halley leaves a reliable stream. But the Moon did not care. It just reflected sunlight into the atmosphere and turned the sky gray-blue instead of black. I stayed out for an hour, scanning the sky, waiting for a streak that did not come. The conditions were wrong. That happens.
What Meteor Showers Actually Are
Meteor showers are not random. They are the debris trails of comets, and in one case, an asteroid, that Earth passes through on its annual orbit. The Perseids come from Comet Swift-Tuttle, officially 109P/Swift-Tuttle. Lewis Swift and Horace Tuttle discovered it independently in 1862. It is a large comet, roughly 26 kilometers in diameter, and it leaves a dense stream of particles that Earth intersects every August.
The Geminids come from 3200 Phaethon, an asteroid that behaves like a comet, shedding material as it approaches the Sun. The Orionids come from Halley's Comet, which left debris during its 1986 passage and earlier returns. Earth passes through that stream every October. The geometry is simple but not intuitive.
A comet on an elliptical orbit sheds dust and gas every time it nears the Sun. The debris spreads out along the comet's orbital path, forming a diffuse stream that Earth crosses like a car driving through a dust cloud. The particles are tiny, sand-grain size, sometimes smaller, but they hit Earth's atmosphere at tens of kilometers per second. The kinetic energy converts to heat through friction and compression, vaporizing the particle and ionizing the air around it. This creates the streak of light we call a meteor.
The radiant is an optical illusion. The meteors appear to come from a single point in the sky (Perseus for the Perseids, Orion for the Orionids, Leo for the Leonids.), because the debris stream is parallel. The effect is like driving through parallel raindrops: they seem to radiate from a point ahead of you, though they are falling straight down.
The radiant rises as the night progresses, which is why meteor showers are better after midnight. Before midnight, you are on the side of Earth facing away from the stream. After midnight, you have rotated into the stream, and the meteors hit the atmosphere head-on, brighter and more frequent.
Prediction vs. Experience
The predictions are almost always wrong. The media reports 200 meteors per hour for the Perseids, but that number includes every particle down to dust-mote size, most of which are invisible to the naked eye. The perceivable rate is much lower. The 200-per-hour figure is a theoretical maximum under perfect conditions (dark sky, no moon, radiant directly overhead, experienced observer), and those conditions almost never align. A more realistic rate is 20 to 60 per hour for the Perseids under good conditions, and less under compromised skies.
The distance between prediction and experience is the norm, not the exception. Jupiter complicates the prediction. Its 12-year orbit means it passes near the Perseid debris stream every 12 years, and its gravity perturbs the stream, concentrating or dispersing the particles. In years when Jupiter is in the right position, the Perseids can be stronger than average. In other years, the stream is spread out and the shower is weaker. The effect is measurable but not dramatic. It does not turn a 20-per-hour shower into a 200-per-hour storm. It might turn 20 into 30, or 30 into 25. The difference is real but subtle.
Fireballs are different from normal meteors. They are larger particles, pebble-sized or bigger, that penetrate deeper into the atmosphere before burning up. The brightness comes from the larger mass and the longer path. The color comes from the composition of the particle and the ionized elements in the plasma trail. Copper and magnesium produce green. Iron produces yellow. Sodium produces orange. The color is fleeting, and the eye is not a spectrometer. But the principle is sound: different metals ionize at different wavelengths, and the plasma tube glows with the signature of whatever the rock was made of.
The Practice
The fireball I missed in 2005 was probably not a Perseid. It was March, months from the Perseids' August peak. It was probably a sporadic meteor. A random chunk of rock from the asteroid belt that happened to cross Earth's orbit at the right moment. The green color suggested copper. The breakup into two pieces suggested a fragile structure, maybe a stony meteorite that cracked under thermal stress. That it was visible in evening twilight, with the sky still partially lit, meant it was exceptionally bright. Most meteors are invisible until full dark. This one was not.
The 2016 fireball at Pine Mountain was different. It was August, during the Perseid window, and it was green like the one I missed in 2005. But it lit up the surroundings like lightning, which no report of the 2005 one had mentioned. That meant it was brighter, or closer, or both. The lightning effect, the brief illumination of the landscape, happens when a fireball reaches magnitude minus 5 or brighter, roughly the brightness of Venus at its most brilliant but concentrated into a moving point. The afterimage on my retinas lasted several seconds. That is typical of bright fireballs. Bright fireballs overload the eye's photoreceptors, and the signal persists after the stimulus is gone.
I have seen four or five fireballs in my life. The 2016 one at Pine Mountain, a few smaller ones that were brief and dim, and the 2005 one, which I missed and know only from reports. That is not many. But fireballs are not supposed to be common. They are the outliers, the extreme end of the meteor distribution. Most nights you see nothing. Some nights you see a handful of streaks. Rarely, you see something that lights up the sky like a flashbulb.
The Delta Aquariids taught me about expectation. I drove south of Eugene expecting a shower and got a handful. The Perseids at Pine Mountain taught me about conditions. Six thousand five hundred feet, dry air, no moon, and the meteors were still sparse. The Orionids in Maui taught me about interference. The full Moon did not care about the shower. It just reflected sunlight and washed out the sky. You cannot control the conditions. You can only choose whether to go out and look.
I keep a list of meteor showers in my head. The Perseids in August. The Orionids in October. The Geminids in December. The Quadrantids in January, which I have never seen because it is cold and I am lazy. The Leonids in November, which used to be spectacular in the 1990s and early 2000s but have declined since. The Taurids in October and November, which are slow and bright but not numerous.
The list is longer than my patience. I do not observe every shower. I observe the ones that are convenient and promising, and I miss the rest. The 2005 fireball is still my benchmark, even though I missed it. It was the first, and the first is always the brightest in memory. The 2016 one was physically brighter, it lit up the landscape, but the 2005 one was the one that made me understand meteors were real objects with real trajectories. Before that, they were just streaks in the sky. After that, they were rocks.
The difference is not in the sky. It is in the observer. I was the same person in both years, but I was not the same observer. The fireball changed that.
I will keep looking. Not because I expect to see another fireball (the odds are against it), but because the looking is the point. The shower might be sparse. The Moon might be full. The clouds might roll in. But the act of standing outside at 3 AM, scanning the sky, waiting for a streak of light that may or may not come (that is the practice).
Chapter 6: The 2026–2040 Almanac: What to Watch For
LIGO and the New Astronomy
In February 2016, the Laser Interferometer Gravitational-Wave Observatory announced its first detection. I discussed it with a friend that week. Two black holes, each roughly 30 times the mass of our Sun, had collided 1.3 billion light-years away. The collision released three solar masses of energy as a gravitational wave.
The wave traveled across the universe, stretching and compressing spacetime as it went. By the time it reached Earth, the distortion was tiny, LIGO's scientists compared it to adjusting the width of the Milky Way galaxy by the width of your thumb. A hundred thousand light-years of galaxy, wiggled by an inch. I understood the instrument better than the physics.
LIGO uses two facilities (one in Washington State, one in Louisiana). Each has two arms four kilometers long. A laser beam bounces back and forth along the arms. If a gravitational wave passes through, it stretches one arm and compresses the other by a distance smaller than a proton. The laser takes slightly longer to travel the stretched arm. That timing difference is the signal. The two facilities compare data to cancel out local noise (earthquakes, traffic, tidal effects). Both sites had to detect the same signal for it to count.
I called it one of the last items in Einstein's theory that was yet to be proven. I was imprecise (gravitational waves are a prediction of general relativity, not special relativity), but the sentiment was right. The detection validated a century-old theoretical framework. It also established a new observational method.
Before LIGO, astronomy was limited to electromagnetic radiation (light, radio, X-rays, gamma rays). After LIGO, we could detect ripples in spacetime itself. The project cost billions of dollars and took decades to build. I understood this as a lesson in patience: build the instrument, wait, trust the physics.
The Planning Horizon
The 2017 eclipse was my actual planning horizon. In December 2015, I raised funds with a partner to print a night sky calendar for the coming year. That was as far ahead as I planned. One year. Twelve months of lunar phases, meteor showers, and planetary positions. I understood the 2016 oppositions and the 2017 eclipse because they were within that window. I did not think about 2026. I did not need to.
I have looked at the almanacs since then. Not because I am planning to observe every event, but because the schedule exists and someone should know it. The Saros cycles do not stop. The eclipses do not wait for observers. The asteroid approaches do not require permission. The sky operates on its own calendar, and the calendar is knowable. I find that comforting. Not because I will see everything on it. Because I know the events are there, whether I am looking or not.
The 2026–2040 Calendar
The 2026–2040 period contains five total solar eclipses visible from populated land. On August 12, 2026, the Moon's shadow will track across Greenland, Iceland, and Spain. Maximum duration: approximately two minutes and 18 seconds. On August 2, 2027, a longer eclipse, up to six minutes and 23 seconds, will cross North Africa and the Arabian Peninsula. On July 22, 2028, the shadow will cross Australia and New Zealand, passing directly over Sydney, with totality lasting up to five minutes and ten seconds. I have marked these dates in my calendar, though I know that marking a date twenty years in advance is only a gesture. The eclipse will happen whether I am there or not.
On November 25, 2030, the shadow will sweep across Southern Africa and the Indian Ocean. It will reach Australia. On March 30, 2033, Alaska and Siberia will lie beneath the umbra. These are not predictions in the probabilistic sense. They are calculations. The orbits are known. The positions are deterministic.
The Saros cycle is the mechanism behind this regularity, the alignment of the Moon's synodic, draconic, and anomalistic months, treated fully in Chapter 11. What matters for the almanac is not the math but the reliability: the cycle has been producing eclipses for thousands of years and will continue for thousands more. The 2035 eclipse will be the twenty-third member of Saros 145, the same series that gave us 2017. The cycle continues regardless of whether anyone is watching.
Apophis and the Leonids
On April 13, 2029, the asteroid 99942 Apophis will pass within approximately 31,200 kilometers of Earth (closer than the orbit of geosynchronous satellites). Discovered in 2004 by Roy Tucker, David Tholen, and Fabrizio Bernardi at Kitt Peak, Apophis is named for the Egyptian serpent god of chaos. The discoverers chose the name because initial trajectory calculations raised concerns about the 2029 approach, though further observations have since ruled out any impact risk.
Further observations ruled out the impact, but the close approach remains the nearest pass of an object this large in recorded history. Apophis will shine at approximately magnitude 3.5 (visible to the naked eye as a fast-moving starlike point). It will cross the sky in a few hours, a piece of solar system debris close enough to resolve without a telescope.
The Leonid meteor shower may produce an outburst in 2033. The shower's parent comet, 55P/Tempel-Tuttle, completes one orbit every 33 years. Each passage leaves a fresh debris trail. Earth intersects these trails on its annual orbit. When the intersection aligns with a dense, recently deposited trail, the Leonids produce a storm (thousands of meteors per hour).
Contemporary accounts describe the 1833 Leonid storm as so intense that some observers thought the sky was falling. The 1966 storm produced rates estimated at 40 meteors per second. The 2033 potential depends on whether Earth passes through the 1699 dust trail, laid down when Tempel-Tuttle last visited the inner Solar System. If the geometry aligns, rates could reach 100 to 400 meteors per hour. If not, the Leonids will be their usual modest selves (10 to 15 per hour). The conditionality is the point. Every prediction in the almanac comes with conditions attached.
The Patient Instrument
LIGO's detection method deserves detail. The interferometer splits a laser beam and sends it down two perpendicular arms. Mirrors at the ends reflect the light back. If the arms are the same length, the beams recombine and cancel out. If a gravitational wave passes through, it changes the relative arm length by less than one ten-thousandth of the diameter of a proton. The recombined light no longer cancels perfectly. A photodetector registers the excess. The signal from Washington State and Louisiana had to match within milliseconds (the travel time of the wave between the two sites), for the detection to be valid. The wave stretched spacetime itself, not the physical structures within it. The atoms in the interferometer arms did not move against each other. The space between them expanded and contracted.
LIGO changed my sense of scale. Not cosmic scale (I already understood that the universe is large). Human scale. The LIGO team built an instrument, waited decades, and detected a signal that lasted less than a second. The project outlasted careers. The instrument was more patient than the people who built it. That is a strange thing to realize. We think of science as human achievement, but some achievements require humans to step aside and let the instrument work.
The calendar project taught me the same thing on a smaller scale. One year of planning. Twelve months of phases and positions. The calendar was useful for one year, then it was outdated. The sky kept moving. The Moon kept phasing. The planets kept orbiting. The calendar was a snapshot of a continuous process.
LIGO was the opposite, an instrument designed to outlast its builders, to detect something that no human would ever see directly. I do not plan for 2026. I do not plan for 2033. I plan for the next opposition, the next shower, the next clear night. The long-term events are on the schedule, and the schedule is knowable, but knowing is not the same as planning. I know the 2026 eclipse will happen. Whether I will be there is a different question, and it is not one I can answer now. The geometry will align. That is certain. Where I will be is not.
The LIGO detection is the event I return to when I think about astronomical patience. Two black holes collided before multicellular life existed on Earth. The wave traveled for 1.3 billion years. It reached us in 2015, stretched our galaxy by a thumb's width, and was gone. The instrument caught it. The humans who built the instrument were already retired, or dead, or working on the next generation of detectors. The wave did not care. It just moved through space, compressing and stretching, following the curvature that Einstein described a century before anyone knew how to measure it.
That is the patient astronomy I admire. Not the quick observation, the snapshot, the social media post. The slow kind. The kind that takes decades and costs billions and produces a signal so faint that you have to cancel out the ocean tides to see it. I will never do that patient astronomy. I do not have the training or the resources. But I can understand what it means. I can wait for the results. I can appreciate that some things are worth the wait.
Part II: The Ancient Sky

Chapter 7: Jupiter Through a Small Telescope: Moons, Bands, and Limits
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In April 2016 Jupiter was in Leo, near the zenith, bright enough to cast shadows on dark nights. I had never seen it that high or that brilliant. It rose in the east at sunset and stayed up all night, crossing the southern sky and setting in the west at dawn. You do not need a telescope to know Jupiter is special. It outshines every star in its vicinity. It does not twinkle. It holds steady, a disk not a point, and the difference is obvious even to eyes that have never been trained.
A friend and I used a childhood telescope from the nineties (a 3).5-inch refractor, the kind with a mirrored view that flips everything upside down. The Moon was a pancake, craters at the top where they should have been at the bottom. We tried to use a moon globe to orient ourselves, matching the shadows to the features. It did not work well. The globe was a sphere and the telescope showed a disk and the mirror reversed north and south. We stopped trying to map and just looked.
Jupiter through that telescope was a pale disk with two dark equatorial bands barely visible. Some texture, some contrast, but not the Great Red Spot. Not the storm. Not the detail you see in photographs. Just a planet with stripes. But the moons were different. They were clear, four points of light in a line, two on one side, two on the other, changing positions night to night. We watched them shift. One evening there were three on the left and one on the right. The next evening two and two. Then one on the left and three on the right.
I tried to figure out which moon was which (Io, Europa, Ganymede, Callisto). I felt the same confusion Galileo must have felt when he first saw them as points of light that changed position night after night. In January 1610, Galileo concluded they were bodies in orbit, not fixed stars. The observation challenged the geocentric model directly: if moons orbited Jupiter, then not everything orbited Earth. The Church forced Galileo to recant in 1633. The moons continued orbiting regardless.
We see them edge-on, in a flat plane, but they are orbiting in three dimensions. The inner moon could be behind Jupiter from our angle, or in front of it, or off to the side. The 2D view does not tell you the 3D story. I tried to map them and failed. The attempt was enough.
The Full Moon Passes
The full Moon came on April 22, passing near Jupiter in Scorpio. We observed it too, though it was bleached out, no shadows, no contrast. The craters that had been sharp and defined at the terminator were flat and gray at high noon. I understood then why astronomers prefer the crescent phase. The shadows give depth. The full Moon is bright but boring. The lesson is in lighting, not geology.
I wanted a better telescope. I wanted a DSLR attachment. I wanted to photograph what I was seeing, to record the moons' positions and track them over weeks. The 3.5-inch refractor was a start but it was not enough. It showed me that Jupiter had moons. It did not show me why they mattered. That is a frustrating threshold. You know there is more. You cannot access it.
The Moons Up Close
Jupiter has more than a hundred known moons, and the count keeps rising, but the four Galilean satellites, Io, Europa, Ganymede, and Callisto, account for more than 99 percent of the total mass in orbit around the planet. Io is the innermost, and it is volcanic. Tidal heating keeps the interior molten (the flexing caused by Jupiter's gravity and the pull of the other Galilean moons). Sulfur volcanoes erupt constantly, painting the surface in yellows, oranges, and reds. Europa, the next moon out, is covered in ice. Beneath that ice shell lies a global subsurface ocean, kept liquid by the same tidal heating mechanism. The ocean may contain more water than all of Earth's oceans combined. Ganymede is larger than the planet Mercury. It is the only moon in the Solar System with its own magnetic field. Callisto is nearly Mercury-sized and heavily cratered, a primitive body that has changed little since the early Solar System.
The Voyager spacecraft provided the first detailed images in 1979. The computers on board had less processing power than a modern calculator, but the instruments were good enough to transform our understanding of the outer Solar System. In July 2016, the Juno probe entered orbit around Jupiter. It had launched in August 2011 and traveled for nearly five years to reach its destination. Juno followed a highly elliptical polar orbit, passing over the north and south poles and diving close to the cloud tops. The polar perspective allowed imaging of auroras and storm systems invisible from the equatorial view.
NASA asked amateur astronomers to contribute observations during Juno's approach. Ground-based telescopes could track storm systems and atmospheric features that the probe might target for close study. The collaboration was practical, amateur telescopes cover Jupiter every clear night, while Juno only passes close to the planet every 53 days. The amateurs provided context. The probe provided detail. Together they produced a more complete picture than either could alone.
The Bands and the Storm
The cloud bands are a consequence of the Coriolis effect. Jupiter rotates once every 9.9 hours (the fastest rotation of any planet in the Solar System). The rapid spin deflects atmospheric currents into east-west bands. Warm gas rises at the equator, cools, and sinks at higher latitudes. The Coriolis force twists these currents into the parallel stripes visible from Earth. The bands are not static. They shift, merge, split, and change color over years and decades.
The Great Red Spot is an anticyclonic storm, a high-pressure region that has persisted for at least 350 years. It is shrinking. In the 19th century it was two to three times the diameter of Earth; by 2016 it was roughly 1.3 times. The cause of the shrinkage is unknown. The storm may be stable on human timescales but transient on geological ones.
In January 2017, Jupiter had moved from Leo to Virgo. It rose before dawn, paired with Spica, the brightest star in Virgo. I remembered watching it in Leo the previous spring and summer, and the shift felt significant. A planet had moved. The sky had changed. That is the difference between stars and planets (stars are fixed in their constellations, or appear to be, while planets wander). The word planet comes from the Greek planetes, meaning wanderer. Jupiter wanders slowly. It takes 12 years to circle the zodiac. In 2016 it was in Leo. In 2017 it was in Virgo. In 2018 it would be in Libra, then Scorpio. The progression is steady, predictable, and easy to miss if you are not watching.
The Limits of Small Aperture
The 3.5-inch refractor showed me Jupiter's moons but not Jupiter itself. I could see the bands, barely, but I could not see the storm. I could see the moons move but I could not identify them. The telescope was sufficient to prove that Jupiter was a planet with satellites, but insufficient to show me what those satellites looked like.
I want a bigger telescope. I want a Dobsonian or a Newtonian reflector, something with 6 or 8 or 10 inches of aperture. The wider the aperture, the more light you collect, and the more detail you resolve. Jupiter's bands would be clear. The Great Red Spot might be visible. The moons would be points, still, but brighter points, and maybe, with the right eyepiece, I could see them as disks. Ganymede is larger than Mercury. At Jupiter's distance, it is a tiny disk, not a point. That is below what my eyes can resolve, but a good telescope under steady air could show it.
The Juno mission taught me something about the value of patience in a different register. Juno traveled for five years to reach Jupiter. It will orbit for years more, sending data back in bursts during each close approach. The scientists who designed the mission will be older when it ends. Some will retire. The probe will continue until it is deliberately crashed into Jupiter's atmosphere, to avoid contaminating Europa's ocean with Earth bacteria. The timeline is longer than a career. That is how planetary science works.
I will keep watching Jupiter. It is bright enough to see from the city, steady enough to identify without a chart, and slow enough in its motion that I can track it month to month. In 2016 it taught me that planets have moons. In 2017 it taught me that planets move. The lessons are basic but you earn them. I saw them with my own eyes, through a telescope older than I was, with a view that flipped everything upside down. The disorientation was part of the lesson. The sky does not orient itself for human convenience. We have to learn its directions.
Chapter 8: Venus: Phases, Transits, and the Brightness Paradox
The Brightest Object in the Sky
In January 2017 Venus was at magnitude minus 4.6. It stuck out in the sky so much that it almost felt like I could feel the light bouncing off of it. I had seen Venus before but I had never noticed it feel this bright. It was an interior planet, I knew that much (it orbits inside Earth's orbit, closer to the Sun), but I could not explain why the crescent phase was the brightest.
My intuition said a full planet should be brightest, the way a full Moon is brightest. But Venus is an interior planet. When it is full, it is on the far side of the Sun, far away from us. When it is a crescent, it is between us and the Sun, close to us.
The crescent shape means we are seeing mostly the night side. And yet this is when Venus is brightest. The proximity beats the illumination. I did not understand this until I talked through it with a friend.
I had to say it out loud to see why my intuition was wrong.
The Transit of 2012
In June 2012 I watched the transit of Venus. We were in a group, outside, and someone said the transit would be visible for the next eight hours. We saw the black dot crawl across the solar disk.
Someone asked if it was a sunspot. I said no, it was a planet. They seemed surprised that a planet could look that small against the Sun. The scale surprised me too, though I knew the numbers.
Venus is nearly the size of Earth. The Sun is 109 times wider. The numbers did not prepare me for the visual. The transit was a syzygy (three bodies in a line, Earth, Venus, and Sun).
That was the last transit I will see. The next pair is in 2117 and 2125.
The Elusive Planet
Venus is hard to see in summer. The Sun sets late, the twilight lasts longer, and Venus is low on the horizon where the atmosphere is thickest. It takes about 15 to 20 degrees of elevation before the air gets crisp enough for a clean view. Near the horizon, Venus is dimmed and reddened by the particulate density, dust, smoke, pollution, that accumulates at lower atmospheric levels. In winter, Venus rides higher in the sky, above most of the haze, and the earlier sunset means darker skies when Venus is still visible. Which is why the winter elongation is the best time to observe it.
In November 2017 Venus was transitioning from morning star to evening star. The blackout period (when Venus passes behind the Sun and disappears from view), had just ended. I watched it climb out of the twilight, first as a faint point near the horizon, then brighter each evening. The shift from morning to evening takes about a week or two, depending on your latitude.
At the equator it happens faster. In Michigan it takes a few days longer. The geometry is the same everywhere but the timing shifts with your position on Earth.
The Ancient Names
The ancient names stuck with me. Hesperus was the evening star. Phosphorus was the morning star. The Greeks had different names for each aspect, and later readers assumed this meant they thought Venus was two separate objects. But the Babylonians knew better. They understood the motion of Venus as one body. Hesper became Vesper in Latin, which became the root of evening and supper in English. The Islamic crescent and star flag depicts the crescent Moon and Venus together, the two brightest objects in the twilight sky.
The Mayan connection to Venus was mathematical and biological. The Maya tied the visibility period of Venus (the number of days it appears in the sky before disappearing into the Sun's glare), to the human gestation period. A child conceived on the first day Venus appeared would be born on the last day it was visible. The number matched.
The cross-cultural pattern is striking: Ishtar in Sumeria, Aphrodite in Greece, Venus in Rome (all feminine deities associated with the planet). The Maya made the same association, linking Venus visibility to childbirth and fertility.
What Venus Teaches
I still remember the transit in 2012. The dot moved. Someone noticed before I pointed it out. I remember the scale shock (a planet the size of Earth looking like a speck against the Sun).
The numbers had not prepared me. The eyepiece did. I have not seen Venus at magnitude minus 4.6 again with that same clarity. I have seen it bright. I have seen it dim. I have seen it as a crescent through a telescope and as a point of light from a highway. But I have not felt the light bouncing off of it the way I did that January night. Maybe the atmosphere was clearer. Maybe my eyes were better. Maybe I was just paying attention. That is the variable that changes: not the planet, but the observer.
The Mayan connection stays with me. The Maya claimed the visibility period of Venus matched the human gestation period. Whether that is coincidence or pattern-making depends on who is counting. The Maya looked at the sky and saw a calendar for human biology. I look at the sky and see a calendar for astronomical events. We are both pattern-makers. The difference is only in what we are trying to schedule.
Venus is the planet that taught me that brightness is not simple. A full planet is dim. A crescent is bright. The geometry matters more than the illumination. That is a lesson that applies beyond astronomy. What you see depends on where you stand and how the light reaches you. The planet does not change. The observer does.
I will keep watching Venus. It is reliable. It is bright. It moves through its cycle with a predictability that comforts me. In January it might be a morning star. In November it might be an evening star. The phase changes. The brightness changes. But the cycle continues.
I know when to look. I know where to look. The rest is patience.
Chapter 9: Saturn: Rings, Moons, and the Tilt of the Cosmos
The First View
I have viewed Saturn's rings through a terrible kids telescope from the 90s. It was a plastic refractor with a wobbly mount and a finder scope that pointed somewhere other than where the main tube pointed. The eyepiece was a cheap Kellner that showed chromatic aberration around bright objects (a purple fringe where there should have been none). The rings were visible anyway. Not detailed. Not divided into the A ring and B ring and Cassini Division. Just a small oval with two bright ears sticking out sideways. That was Saturn.
A friend and I photographed it in July 2016. We were in Eastern Oregon, on a lake bed that had been dry and was now wet again, with vegetation growing where there had been dust. The frogs had returned. We set up the camera and pointed it south, toward Scorpio, where Saturn and Mars sat together. Saturn was at opposition on June 3, so it was still near its brightest. Mars was nearby, redder and brighter, but Saturn held steady with its pale gold color and its ring tilt open at roughly 26 degrees. We took long exposures of the southern sky, tracking the stars. Saturn showed up in the frames as a bright point with a slight elongation (the rings smeared by the camera's resolution but still present). Mars was a red dot beside it. The galactic center rose behind them, thick with stars.
I did not see banding that night. I did not see the Cassini Division. I did not see Enceladus or Titan or any of the moons I had learned were there. The camera captured what the eye could not, and the eye could not capture what a larger telescope would have shown. But I saw the rings. I knew what I was looking at. That is a specific quiet satisfaction. The recognition of a thing you have read about, seen in photographs, and now confirmed with your own eyes, even through bad equipment.
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Saturn's rings are the most accessible feature in the Solar System. They extend 282,000 kilometers from edge to edge (roughly twice the diameter of the planet itself), yet they are only about 10 meters thick in the main rings. If you scaled them down to the thickness of a sheet of paper, the paper would need to be spread across a football field to match their proportions. They contain 93 percent water ice, 7 percent silicate rock, and trace organic compounds. The particles range in size from dust grains to house-sized boulders, all orbiting Saturn at velocities determined by their distance from the planet. The inner rings orbit faster; the outer rings orbit slower. Kepler's laws apply even to debris.
Galileo saw them first, in 1610, but he did not understand what he was seeing. His telescope was good enough to resolve Jupiter's moons and the phases of Venus, but Saturn confused him. He described it as a triple body (a large central sphere with two smaller spheres touching it on either side). He drew it as a planet with handles, like a celestial teacup. He wrote to his colleagues in cipher, fearing that his eyes were failing or that Saturn was somehow variable. It was not variable. His telescope was not good enough to resolve the gap between the planet and the rings. He lived until 1642 without ever knowing the truth.
Christiaan Huygens figured it out in 1655. He had a better telescope (a 23-foot focal length refractor that he designed himself). He proposed that Saturn was surrounded by a thin, flat, solid ring, detached from the planet and inclined to the ecliptic. He was wrong about the ring being solid (we now know it is composed of countless individual particles), but he was right about the geometry. The ring is thin. It is flat. It is inclined. And it changes its apparent tilt as Saturn orbits the Sun.
The tilt cycle equals Saturn's orbital period, which is 29.5 years. For the amateur, the principle is what counts: sometimes the rings are wide open, tilted toward Earth at 26 degrees or more, and they dominate the view. Sometimes they are edge-on, appearing as a thin line or disappearing entirely, and Saturn looks like a bare sphere. The last edge-on presentation was in 2009. In 2016, the tilt was roughly 26 degrees, nearly maximum, which is why the rings were so prominent that year. The next wide-open presentation will be around 2032. The next edge-on will be around 2025.
Cassini and Titan
Cassini reached Saturn in July 2004. I remembered it as 2005 or 2006, which is approximate but understandable (the mission generated its most public images in the years after arrival). The orbiter carried the Huygens probe, which detached and landed on Titan on January 14, 2005. Titan is Saturn's largest moon, bigger than Mercury, and it is the only moon in the Solar System with a dense atmosphere. That atmosphere is mostly nitrogen, with methane clouds and methane rain. Cassini's infrared cameras peered through the haze and photographed the surface: ridges, valleys, and dark channels that look like river tributaries. They are not water rivers. They are methane. Liquid methane flows across Titan's surface at temperatures of minus 180 degrees Celsius, carving channels and pooling in lakes. The Huygens probe survived for 90 minutes on the surface. It transmitted images of a landscape that looks eerily like a drained riverbed on Earth. But the rocks are water ice, and the liquid that carved the channels is natural gas.
The rings themselves are structured. The A ring is the outermost major ring, bright and relatively thin. The B ring is the brightest and broadest, containing most of the mass. The C ring is dimmer and closer to the planet. The Cassini Division, a 4,800-kilometer gap between the A and B rings, is visible in telescopes of 75 millimeters or larger under good conditions. The D ring is a faint inner ring, discovered by Cassini. The E, F, and G rings are faint outer structures, maintained by gravitational interactions with Saturn's moons. Enceladus, a small moon orbiting within the E ring, spews water ice from geysers at its south pole, feeding the ring with fresh material. The rings are not static. They are dynamic, evolving, and slowly dissipating. Cassini's final measurements suggest the rings may be relatively young, perhaps only 100 million years old, and may not last more than another 300 million years. They are temporary structures, beautiful and doomed.
The Moons
Saturn's moons are visible in modest telescopes. Titan shines at magnitude 8.3 and can be seen in binoculars under dark skies. Rhea, Dione, Tethys, and Iapetus range from magnitude 10 to 12, visible in small telescopes when the rings are not overwhelming the field of view.
The terrible telescope taught me something that better equipment might not have. When the view is bad, you learn what matters. Some features are generous. Saturn's rings are 282,000 kilometers across. They do not require a large aperture. They do not require steady seeing. They do not require dark adaptation or perfect collimation or a $500 eyepiece. They require only that you point the telescope in the right direction and look. That is a rare quality in astronomy. Most features are stingy. Mars's surface detail requires 150 millimeters or more and steady air. Jupiter's Great Red Spot requires patience and good timing. Mercury requires horizon clearance and luck. But Saturn's rings are there for anyone who shows up.
Someone said it that week: Saturn is cool to look at with a telescope because you can see its rings. She was right. The statement is simple and it is true. The rings are the point. Everything else, the banding, the divisions, the moons, is secondary. If you can see the rings, you have seen Saturn. The rest is elaboration.
The same telescope that failed me on Mars succeeded on Saturn. In May 2016, at Hart Mountain, I pointed it at Mars and saw a red disk with no detail. In July 2016, in Eastern Oregon, I pointed it at Saturn and saw the rings. The telescope had not changed. The target had. Mars is bright but small. Its surface features are subtle and require magnification and aperture. Saturn is dimmer but its rings are huge. Angular size matters more than brightness. A large, dim feature is easier to see than a small, bright one. That is a specific fact about telescopes: the scale of the feature matters as much as the scale of the instrument.
Cassini showed me what my telescope could not. The ring divisions, the Moon geysers, the methane tributaries on Titan (these are beyond amateur equipment). They require spacecraft, billion-dollar budgets, and teams of engineers. I am not jealous of Cassini. I am grateful for it. It extends my eyes into regions I cannot reach. The rings I see through the terrible telescope are the same rings Cassini studied in detail. We are looking at the same object, at different scales, with different instruments, and both observations are valid.
The Eastern Oregon photo session produced images of Saturn and Mars together in the same frame. They are not good images by professional standards. The stars are slightly trailed. The planets are overexposed. The background is grainy. But they are my images. They document a specific night, a specific location, a specific arrangement of planets that will not repeat in the same way. Saturn has since moved on in its orbit. Mars has completed another opposition cycle. The lake bed may be dry again, or wet, depending on the season. The frogs may or may not be there. The photograph is a record of a moment, not a claim to precision.
I still have the terrible telescope. I do not use it often. When I do, it is usually for the Moon or for bright star clusters (targets that do not challenge its limitations). But I keep it because of Saturn. It was the instrument that showed me rings for the first time, and the first time is not a trivial thing. It establishes a baseline. I measure every subsequent view of Saturn (through better telescopes, in darker skies, at higher magnification), against that first small oval with ears. The first view was modest. It was also enough. That is what makes Saturn accessible to the amateur. It meets you where you are.
Chapter 10: Mercury: How to Find the Elusive Planet
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The human eye has two types of light-sensitive cells. Cones, concentrated in the center of the retina, detect color and fine detail. They function best in bright light. Rods, distributed across the periphery, detect contrast and motion. They are roughly ten thousand times more sensitive in dim light than cones, but they do not distinguish color. At twilight, when Mercury is visible, the eye is in transition. The cones are still active from the sunset brightness, but they cannot detect a dim point near the horizon. The rods could detect it, but they are not engaged when you look directly at the object. The solution is side vision, or averted vision: look slightly away from the target, let the image fall on the rod-rich periphery of the retina, and the point becomes visible. The technique is counterintuitive. You find a thing by not looking directly at it.
I learned this looking for Mercury. In early January 2016, the planet hung in the evening sky over Corvallis, low in the southwest, a point of light that appeared as the sky darkened and disappeared before the stars came out fully. I saw it multiple times that month, not one special night, but several brief windows, thirty to forty-five minutes after sunset, when the horizon was clear and the air was steady. It was never high. It was never bright. It was there, and then it was not. I found it by looking slightly to the side, letting the rods do what the cones could not.
I saw it again later that year at Smith Rock, from Skull Hollow Campground. The location is east of the Cascades, near Terrebonne, where the horizon drops away and the sky stays dark. I had a clear western view, no trees, no mountains, no light from the towns behind me. Mercury was low, as it always is, but the seeing was better than in Corvallis. The point was sharper. It held longer. I saw no detail. I saw no color. I saw a planet where the sky was still blue, and the sight held me.
The Orbit
Mercury orbits the Sun in 88 days. This is the shortest year of any planet, a complete orbit in less than an Earth season. The orbital period is a consequence of proximity: Mercury comes as close as 46 million kilometers to the Sun at perihelion, about 29 million miles, and its average distance is only 36 million miles. At that range, the Sun's gravity is dominant, and Mercury moves fast to maintain its orbit. The velocity averages 47 kilometers per second, faster than any other planet. The orbit is also the most eccentric of the eight planets, with an eccentricity of 0.205. Its distance from the Sun ranges from 0.31 to 0.47 astronomical units. This eccentricity affects visibility. When Mercury is near perihelion at greatest elongation, it is closer to the Sun and harder to see. When it is near aphelion, the elongation is wider and the viewing window longer.
The competitive light environment of twilight compounds the problem. During sunset, the sky is still bright. The pupil constricts to reduce light intake. Dim objects, stars, Mercury, the outer planets, are suppressed. The sky itself is a source of noise. Mercury shines at magnitude minus 2.5 at its brightest and fades to plus 7.25 at its dimmest. At twilight, when the sky background is still bright, the background wins. You must wait for the sky to darken, but Mercury is setting as you wait. The window is narrow: perhaps thirty minutes, perhaps less, depending on your latitude and the season.
Mercury's angular diameter is the smallest of any planet: 4.5 to 13 arcseconds. Even at its largest, it is smaller than the resolution limit of the human eye. You cannot see it as a disk. You cannot see surface features. You cannot see phases, though Mercury does go through phases like Venus, as Galileo confirmed in 1610. What you see is a point. A bright point, a dim point, but always a point. The telescope does not help much. Even at 100x magnification, Mercury is a tiny disk with no visible detail. Professional observations require adaptive optics, ultraviolet filters, and spacecraft flybys. The amateur's relationship with Mercury is not visual. It is intellectual.
The Names
The ancient Greeks knew Mercury as two separate objects. The Greeks called the morning apparition Apollo. They called the evening apparition Hermes. Both names belonged to gods associated with light and speed, appropriate for a planet that moves faster than any other. The Romans synthesized the two into a single deity, Mercury, the messenger god with winged sandals, and applied the name to the planet regardless of its position. The linguistic distinction, morning versus evening, persisted in other cultures. The Babylonians had separate names. The Egyptians associated it with Set and Horus. But the Greek division into Apollo and Hermes is the one that survived in Western astronomical vocabulary, even after the Greeks realized that both apparitions were the same planet.
Showing Up
I have seen Mercury. The statement is true but thin. In Corvallis, it was a point of light that appeared in the southwest for half an hour after sunset, then dropped below the roofline of the houses. At Smith Rock, it was sharper, held longer, but it was still a point. I did not see the phases. I did not see the color. I knew what it was because I had checked the ephemeris, because I knew the 88-day cycle, because I understood that a point of light near the sunset line in early January was most likely Mercury. The knowledge preceded the sighting. The sighting confirmed the knowledge. That is the opposite of how astronomy often works. Usually, you see something and then you identify it. With Mercury, you identify it first and then you see it.
The orbital mechanics tell you where it should be. The ephemeris tells you when. The side vision technique tells you how. The seeing is the last step, and it is the least reliable one. The methods are sound. The weather is not. I have missed Mercury more often than I have seen it. I have checked the western sky on evenings when the ephemeris promised a good elongation and found nothing, clouds, haze, trees, the simple fact that I was looking in the right direction at the wrong time. The misses outnumber the hits. That ratio does not matter. What matters is that I know the cycle exists, that I understand the mechanism, and that I keep trying.
The side vision technique works for other dim objects too, the structure of the Milky Way, the faint outer arms of a galaxy, the ghostly glow of a nebula. The cones in the center of your eye want bright, detailed, colored light. The rods in the periphery accept dim, monochrome, unresolved light. Both are necessary. Neither is sufficient alone.
I will see Mercury again. The 88-day cycle guarantees it. The planet will swing around the Sun, emerge from the glare, present itself in the evening or morning sky. I will check the ephemeris, find a clear horizon, wait for the sky to darken, and try the side vision technique. Sometimes I will succeed. Sometimes I will not. The ratio does not matter. The cycle runs whether I see it or not. My job is to keep showing up.
Chapter 11: The Moon: Phases, Eclipses, and Our Oldest Clock
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I remember being in college and meeting up with a friend. We drove up to Marys Peak to watch a total lunar eclipse in December 2011. It was freezing cold, four in the morning, and there were other cars in the parking lot. I watched the Moon turn dark. That was the first lunar eclipse I ever saw, and it set a standard. The cold was part of it. The hour was part of it. That other people had driven up there amid the night to watch a shadow pass across the Moon made it feel less like a personal hobby and more like a shared practice.
The Four Months
The Moon looks simple. It rises, it sets, it changes shape. Everyone knows the phases. But the more I learned, the more I realized that the Moon is not simple at all. It operates on at least four different month types, and I had to learn them slowly because they overlap in ways that are not intuitive.
I learned about the synodic month first: new Moon to new Moon, about twenty-nine and a half days, the cycle of the phases. Then the sidereal month, the draconic month, and the anomalistic month. I was not sure I had those last two in the right order. The draconic month tracks the nodes. The anomalistic month tracks the closest approach. I still confuse apogee and perigee. One is the close point and one is the far point. I know the Moon's orbit ranges from about 226,000 miles to about 252,000 miles. But I do not remember which term applies to which end of the arc. I have explained node precession and Saros cycles before, and I still mix up apogee and perigee. The knowledge is partial. That is the honest state of it. The knowledge is in there, but the vocabulary slips.
The Missed Eclipse
In March 2016, there was a total lunar eclipse visible before dawn on the West Coast. I knew it was coming. I understood the geometry. I had been discussing the Saros cycle and the month types for weeks. And I missed it. Oregon in March is cloudy. The clouds came in off the Pacific and sat over the Willamette Valley, and the eclipse happened without me. I woke up, checked the sky, saw gray, and went back inside. The Moon turned red somewhere above the cloud layer, and I was in bed.
[image: Moonlight behind cloud, the sky not cooperating]NS-10: Moonlight behind cloud, the sky not cooperatingI know that the Moon passes in front of Jupiter sometimes, and in front of bright stars like Aldebaran. I find this interesting. I have not seen it happen. The brightness of a near-full Moon makes those events difficult to observe, and the timing has never worked out for me. I know they occur. That is different from having seen them.
The Saros Cycle
The most accurate and oldest cycle for predicting eclipses is called the Saros cycle. I first encountered it during the 2017 eclipse in Chapter 1. The math is the same (223 synodic months equal 242 draconic months equal 239 anomalistic months), but what matters for the Moon is how this cycle governs the nodes.
The 8-hour shift is the key detail. Each Saros cycle produces an eclipse that is 8 hours later than the one 18 years before it. That means the Earth has rotated one-third of the way around, so the eclipse is visible 120 degrees of longitude to the west. After three Saros cycles, 53 years and 34 days, the eclipse returns to roughly the same geographic location. The Greeks called this triple cycle the Exeligmos.
A single Saros series lasts about 1,200 to 1,600 years. It begins with a partial eclipse near one of the poles. As it migrates toward the equator, it produces a total or annular eclipse every 18 years. It ends with partial eclipses at the opposite pole. There are roughly seventy to ninety eclipses in a given series. At any given time, about forty Saros series are active, interleaved so that eclipses keep arriving on their eighteen-year rhythm.
The Babylonians were not the only ones to notice. Herodotus credits Thales of Miletus with predicting the eclipse that stopped a battle between the Lydians and the Medes, around 585 BCE (the full account is in Chapter 13). Whether he used Babylonian Saros knowledge or an independent method is unknown.
The Gears of the Machine
The Saros cycle works because of the three-body alignment: the Sun, the Earth, and the Moon. The synodic month ensures the phase is the same. The draconic month ensures the nodal position is the same. The anomalistic month ensures the distance is the same. When all three periods lock together, the geometry repeats. The system is elegant and ancient. It predates telescopes, clocks, and calculus. People built it who watched the sky every night and wrote down what they saw.
The four month types are the gears inside the machine. The synodic month, at 29.53059 days, is what we see: new Moon to new Moon, the rhythm of tides and calendars. The sidereal month, at 27.32166 days, is the Moon's true orbital period against the fixed stars. The draconic month, at 27.21222 days, is the eclipse engine: node to node, the path that matters when the Earth, Moon, and Sun must line up in three dimensions. The anomalistic month, at 27.55455 days, is the distance cycle: close approach to close approach, which determines whether the Moon is large enough to cover the Sun completely or leaves a ring of fire. These four periods do not divide evenly into each other. They are incommensurate. Which is why the Saros cycle is so long and so specific: it is the least common multiple of three independent rhythms, rounded by the 8-hour drift.
The node precession is what makes the whole system possible. The Moon's orbital plane tilts 5.14 degrees from the ecliptic, and the line where the two planes intersect, the line of nodes, rotates westward, completing a full cycle every 18.6 years. This means the nodes are always moving. An eclipse can only happen when the Moon is near a node during full Moon or new Moon. The draconic month measures the time between nodal crossings, but because the nodes are drifting, the alignment is never the same. The Saros cycle works because 242 draconic months almost equals 223 synodic months. The calculation incorporates the drift of the nodes.
The Moon's orbit is tilted about five and a half degrees from the ecliptic. The Moon crosses the ecliptic plane twice each month at points called nodes, but because of the tilt, those crossings usually happen when the Moon is not aligned with the Earth and Sun. So the geometry that produces an eclipse is a coincidence of three independent cycles: the Moon's phase, its nodal position, and its distance. When all three align, you get a total solar eclipse. When the Earth slides between the Sun and the Moon, you get a lunar eclipse.
The Babylonian Method
The Babylonians did not understand why the Saros worked. They did not have a geometric model of the Solar System. They had records (centuries of nightly observations written on clay tablets), and they recognized the pattern. The Enuma Anu Enlil tablets are not scientific treatises. They are omen lists: if the Moon is eclipsed in such-and-such a month, the king will fall, or the crops will fail, or the enemy will advance. But embedded in the omens is data, the scribes tracked dates, durations, colors, directions, and the Saros cycle is what they found. It is an empirical discovery, not a theoretical one. It is what you find when you write things down long enough.
Knowing and Seeing
The December 2011 eclipse was cold and clear. Clouds obscured the March 2016 eclipse. I missed it. The same ancient system predicted both. The Saros cycle does not care about Oregon weather. It operates on 18-year intervals regardless of who is watching.
I understand the Saros cycle. I can name four month types. I can explain node precession and why eclipses do not happen monthly. And I still mix up apogee and perigee. The deep knowledge coexists with the surface confusion. That is how it works. You do not have to master every term to understand the mechanism.
The Babylonians who built the Saros system faced a similar challenge. They could predict an eclipse years in advance. They could not predict whether the sky would be clear. The knowledge was certain. The observation was conditional. That gap between knowing and seeing is the universal condition of astronomy. It was true in 534 BCE. It was true in March 2016, when I checked the sky before dawn and saw clouds.
I have seen the Moon turn dark. I have missed it turning dark. Both are part of the practice. The Moon is the most familiar object in the night sky and the most complex in its mechanics. That paradox is the point. It looks simple because it is close. It is complex because it is real.
The ancient astronomers who watched from Babylon and Miletus were doing the same thing I was doing: they were looking up, they were keeping records, and they were trying to find the pattern. The difference is only time and technology. They used clay tablets. I use a small telescope and a notebook. The sky is the same. The problems are the same. The clouds are the same.
There is a comfort in that continuity. The Saros cycle outlasts every observer. It was running before the Babylonians named it, and it will run after the last human eye has closed. The knowledge accumulates. The observation remains personal. I understand the cycle, and I have stood in a parking lot at four in the morning, freezing, watching the Moon turn dark. I have also stayed in bed while the same event happened above the clouds. Both are honest. Both are part of the same practice.
Chapter 12: Planetary Alignments: When the Planets Line Up
The Morning Parade
In January 2016, everyone was talking about the planets. Huffington Post ran it. National Geographic ran it. Sky & Telescope ran it. The story was the same everywhere: for the first time in more than a decade, all five naked-eye planets would be visible at once. The alignment would start around January 20. The prime week would be January 30 through February 5. Mercury would reach its highest arc on February 5, then fade. By February 23, the window would close.
I knew the geometry. Mercury would be low in the southeast, close to the sunrise line, visible only in the last few minutes of morning twilight. Venus would be brighter and higher, the anchor that made Mercury possible. Mars and Saturn would sit further up the ecliptic, both in the area of Scorpio. Jupiter would be highest, in Leo, bright enough to find without assistance. The Moon would pass through the line over three or four days, touching each planet in sequence like a finger moving across a chart.
I went out mornings. Oregon in February does not cooperate. The clouds came in off the Pacific and sat over the Willamette Valley like a lid. I checked the sky before dawn, saw gray, and went back inside. I tried again the next morning. Same gray. I tried again. The pattern held. I never saw Mercury. I saw Jupiter once through a break, and Venus another time, but the full parade, all five in a single morning, did not happen for me. The alignment was real. The geometry was correct. The sky was not available.
The Evening Parade
Six months later, the arrangement flipped. The same five planets moved into the evening sky. Venus shone at magnitude minus 3.9, Mercury at magnitude minus 1.0. Jupiter sat in Leo. Mars had moved to Libra. Saturn remained in the Scorpio area. The summer sky was clearer. The timing was easier (evening, not dawn). But the window was short. Mercury and Venus move fast. By the first couple weeks of August, they would be too low to see. The alignment would last only a few weeks, not the two-month span of the morning parade.
I do not know if I saw all five that summer. I know they were there. I know the geometry. I cannot confirm the observation.
The Geometry
The five naked-eye planets, Mercury, Venus, Mars, Jupiter, Saturn, all orbit near the same flat plane, called the ecliptic. This is not coincidence. The Solar System formed from a rotating disk of gas and dust, and the planets inherited its angular momentum. The ecliptic is tilted 23.5 degrees to Earth's celestial equator, which is why the planets follow the same general path through the zodiac constellations, rising and setting at angles that shift with the seasons. If you could see the ecliptic as a line, it would arc across the sky like a great highway, and every planet would travel along it.
An alignment occurs when all five happen to be on the same side of the Sun from Earth's perspective. This is not a precise geometric line. The planets can be spread across 120 degrees or more of sky and still count as an alignment. What matters is simultaneous visibility (all five above the horizon at the same time, not clustered together). The January 2016 morning alignment spread Mercury through Jupiter across the southeastern to southern sky. The July 2016 evening alignment spread them across the western sky. Both were genuine alignments by the loose definition. Neither was a tight grouping. A tight grouping of all five within a few degrees has never occurred in recorded history and will not occur for millennia.
The rarity comes from the incommensurate orbital periods. Mercury orbits in 88 days. Venus in 225 days. Earth in 365. Mars in 687. Jupiter in nearly 12 years. Saturn in 29.5 years. These numbers share no common multiple. There is no cycle where all five return to the same positions against Earth and the Sun. The synodic period (the time between identical configurations of two planets), is calculated as 1/S = |1/P1 − 1/P2|. Earth and Mars align every 780 days. Earth and Jupiter every 399 days. Earth and Saturn every 378 days. Earth and Venus every 584 days. Earth and Mercury every 116 days. But the five-body problem has no simple solution. Alignments occur when these independent cycles happen to overlap favorably, which is irregular and unpredictable beyond rough estimation.
Mercury as Threshold
Mercury is the threshold planet in every alignment. Its orbit is the most eccentric of the five, ranging from 46 million to 70 million kilometers, about 29 to 43 million miles, from the Sun. It never appears more than 28 degrees from the Sun in our sky. This means it is always near the horizon, always competing with twilight, always visible for only a short window before sunrise or after sunset. In January 2016, Mercury was at its best morning apparition, but then it rose only an hour before the Sun. In July 2016, it was an evening object, but it set within an hour of sunset. Mercury is the planet that makes an alignment count. Without it, four planets are just four planets. With it, the alignment is complete but fragile.
Venus is the anchor. At magnitude minus 3.9 or brighter, it outshines every star and every other planet except the Sun and Moon. Its brilliance makes it easy to find, and its position helps locate Mercury, which is usually within 15 to 25 degrees of Venus during an alignment. In February 2016, Mercury and Venus were about four degrees apart at their closest approach (close enough to fit in the same binocular field). In July 2016, they were again paired in the evening sky. Venus provides the reference point. Mercury provides the completion. The other three planets fill the space between.
The Babylonian Eye
The Babylonians tracked planetary groupings with obsessive precision. Their omen tablets, compiled from the second millennium BCE onward, record conjunctions and alignments as political signs. A tablet from the reign of Ammisaduqa states: "If Jupiter enters the Moon, the king will have no rival." Another tablet reads: "If Mars approaches Venus, there will be mourning in the land." These were not scientific predictions. They were pattern-matching exercises, correlations between sky events and terrestrial events, compiled over centuries and treated as prophecy. The same cognitive mechanism that drives modern skywatchers to set alarms for rare alignments drove Babylonian priests to burn offerings when Mars entered Scorpio. The impulse is older than the explanation.
Saturn's ring tilt in early 2016 was approximately 26 degrees, making the rings highly visible through a small telescope. During the January alignment, an observer with binoculars could see Jupiter's four Galilean moons, Io, Europa, Ganymede, and Callisto, arranged in a line beside the planet. These details turned the alignment from a naked-eye curiosity into a telescopic event. But they also required clear skies, which Oregon did not provide.
The Long Cycle
The 2002–2003 evening alignment occurred in spring. The 2005 morning alignment occurred around the turn of the year. The 2016 double alignment, morning and evening in the same year, was a coincidence of orbital geometry, not a cycle. The planets do not coordinate. They move on their own paths, and occasionally those paths line up in a way that looks organized from one moving platform. The next truly favorable window, I thought, would not arrive for a decade or more. I was wrong. Another parade came in 2020, and another in 2022. The planets did not consult my estimate.
I predicted the dry years. In July 2016, looking at the evening arrangement, I said that two or three years from now we would have no planets in the sky. I did not mean literally empty. I meant that the naked-eye planets would be scattered (some behind the Sun, some too close to the horizon, some lost in daylight). There would be no windows where all five were visible together. The pattern would break. The sky would go back to its normal state of partial information.
That prediction was not superstition. It was pattern recognition. I had seen the 2003 alignment, the 2005 alignment, and now the 2016 alignment. I was aware of the spacing. I knew the orbital periods well enough to estimate when the next favorable window would close. The math was approximate. The principle was sound. The Solar System has rhythms that are longer than human attention spans. A decade between all-five alignments is short by astronomical standards and long by personal standards. I would be a different observer by the time the next one arrived.
The Lesson
The lesson of 2016 was not about the planets. It was about the distance between astronomical events and personal observation. The alignment happened whether I saw it or not. Mercury rose on schedule. Venus held its position. Mars, Jupiter, and Saturn tracked their paths. The geometry was indifferent to Oregon weather. I knew this intellectually. I learned it practically. You can understand the sky completely and still miss the show because of clouds. That is not a failure of expertise. It is a condition of the practice.
I still check the sky on mornings when I know something is happening. I still get up before dawn for meteor showers and eclipses and conjunctions. I still find clouds more often than I find clear skies. The ratio does not matter. What matters is the attempt. The alignment exists in the ephemeris whether I see it or not. My job is to show up. The sky's job is to be there. Sometimes we coordinate. Sometimes we do not. The 2016 alignment was a miss for me. The knowledge was not.
Part III: The Stars and the Deep Sky

Chapter 13: Babylonian Astronomy: The Saros and the Scribes
The Borrowed Tool
I was discussing the Saros cycle one night, explaining how eclipses repeat every eighteen years, eleven days, and eight hours, and I realized I knew the pattern but not its origin. I could use it to predict when the next lunar eclipse would happen. But I did not know who had figured it out first, or how, or what they thought it meant. I said that week that I wanted to learn more about Babylonian astronomy. I meant it. The knowledge felt borrowed. I was using a tool I had inherited without understanding the workshop that built it.
I knew the word Babylonian. I knew it was old. I thought the Saros cycle went back to around 1000 BCE, maybe earlier. I knew the Greeks came after, and the Romans after them, and then somehow the knowledge passed to the Arabs, and that was where a lot of our star names came from. But I could not trace the path cleanly. There were gaps. I was unaware what happened between Rome and Baghdad, or whether the Babylonians had telescopes, or whether they even had a geometric model of the Solar System. The questions piled up faster than the answers.
This is the condition of being an amateur. You learn enough to use a tool, and then you discover that the tool has a history you have not studied. The Saros cycle was not invented for my convenience. It was extracted from centuries of observation by people who watched the sky every night and wrote down what they saw. I wanted to know who those people were. I wondered what they thought they were doing.
The Clay Tablets
The Babylonians did not have telescopes. They had clay tablets, reed styluses, and centuries of nightly observations. By at least 650 BCE, they were recording lunar eclipses on tablets. These would become known as the Enuma Anu Enlil (a series of seventy tablets filled with celestial omens). The entries read like conditional statements: if the Moon is eclipsed in such-and-such a month, the king will fall, or the crops will fail, or the enemy will advance. But embedded in the omens was data. The scribes tracked dates, durations, colors, directions. Over hundreds of years, the pattern emerged from the noise.
The Babylonians recognized that eclipses repeat every 223 synodic months (the Saros cycle I described in Chapter 1). They did not call it that. They called it a pattern in the omen lists. But the number is the same: 6,585.32 days, or eighteen years, eleven days, and eight hours.
The Babylonians knew that the pattern repeated. They did not know why. They had no geometric model of the Solar System. They did not understand that the Moon's orbit is tilted 5.14 degrees from the ecliptic. They did not know that the line of nodes precesses every 18.6 years. They could not explain why the synodic, draconic, and anomalistic months, three incommensurate gears, only align by coincidence. They wrote down what they saw, generation after generation, until the repetition became undeniable.
The Substitute King
There is a ritual that illustrates how seriously they took their predictions. When a lunar eclipse was forecast, the Babylonians performed the substitute king ceremony. A commoner would be seated on the throne, dressed in royal robes, and fed royal meals. If the eclipse proved fatal, symbolically, to the king, the substitute would die in his place. Afterward, the real king resumed the throne. The ritual assumes prediction accurate enough to be politically actionable. The Babylonians trusted their Saros cycle enough to stake a human life on it.
The same impulse to mark solar alignment appears in stone across Europe. Stonehenge, built in phases from 3000 to 2000 BCE, aligns its heel stone and avenue with the sunrise on the summer solstice. Newgrange, in Ireland, predates Stonehenge and predates the Egyptian pyramids. Its passage tomb is oriented so that sunrise on the winter solstice illuminates the central chamber for seventeen minutes. I have not seen either site. I know them from photographs and from reading. But I recognize the pattern: people everywhere build structures to mark the Sun's extreme positions. The Babylonians did it with clay and cuneiform. The Europeans did it with stone and shadow. The impulse is the same.
The Star Catalog
The Babylonians also built the earliest systematic star catalog. The MUL.APIN tablets, composed around 1000 BCE, list seventy-one stars and constellations arranged in three paths across the sky: the northern path, the central path, and the southern path. The central path would later become the zodiac (the twelve constellations that the Sun, Moon, and planets travel through). But the MUL.APIN catalog predates the zodiac's formal twelve-by-thirty-degree division by centuries. The original Babylonian sky had seventeen constellations along the ecliptic, not twelve. The compression to twelve equal zones was a mathematical convenience, not an observational fact. The actual constellations vary wildly in size. Virgo spans forty-four degrees. Cancer spans twenty. The equal division is administrative geometry, not natural structure.
The base-60 number system that underlies our hours and minutes also comes from Babylon. Sixty divides evenly by two, three, four, five, six, ten, twelve, fifteen, twenty, and thirty. A tax collector's dream. An administrator's tool. The sexagesimal system was chosen for practical divisibility, not mathematical elegance. It spread because it worked, not because it was beautiful.
The Transmission
The knowledge did not stay in Babylon. It moved westward, carried by conquest and trade and the simple human impulse to write things down where others could read them. The Greeks acquired Babylonian methods sometime after the Persian conquest of 539 BCE. Thales of Miletus, working in Ionia around 585 BCE, is credited with the earliest reliable eclipse prediction in the Western tradition. Herodotus reports that Thales predicted a solar eclipse that interrupted a battle between the Lydians and the Medes. Whether Thales used Babylonian Saros knowledge or developed an independent method is unknown. What matters is that by the sixth century BCE, the idea of eclipse as periodic phenomenon, not random omen, had entered Greek thought.
From Greece the knowledge passed to Rome. The planets carry Roman names: Mercury, Venus, Mars, Jupiter, Saturn. These are Latin adaptations of Greek gods, who were themselves adaptations of earlier Mesopotamian deities. Ishtar, the Akkadian goddess of love and war, became Aphrodite in Greece and Venus in Rome. Nergal, the Mesopotamian god of the underworld, became Ares in Greece and Mars in Rome. The names are archaeological layers. Each civilization renamed the sky in its own image, but the objects remained the same.
After Rome, the transmission becomes harder to trace. I think the knowledge went to the Arabs, and that is where a lot of our star names come from. Aldebaran. Antares. Arcturus. Betelgeuse. Alcor. These are Arabic words describing the star's position within its constellation, not its brightness. Aldebaran means "the Follower" (it follows the Pleiades). Rigel means "the Foot" (it marks Orion's foot). Deneb means "the Tail" (it is the tail of Cygnus, the Swan). The names are positional labels, preserved from pre-Islamic Bedouin astronomy, transmitted through medieval Arabic manuscripts, and eventually adopted into Latin and modern usage.
I do not know how the transfer happened. I know that Arabic scholars preserved and extended Greek astronomy during the European medieval period. I know that the Almagest, Ptolemy's great synthesis of Greek astronomy, was translated into Arabic in the eighth century and back into Latin in the twelfth. I know that the names stuck. But the precise path, which scholar, which manuscript, which city, is beyond my knowledge. That is part of the gap. I know the destination. I do not know the steps in between.
The Debt
The Babylonians built the most accurate predictive system in the ancient world without understanding the mechanism. They could say when an eclipse would happen. They could not say why. The three-body alignment, Sun, Earth, Moon, was invisible to their geometry. They had no ellipses, no calculus, no Newtonian mechanics. They had clay, reeds, and patience. The patience was the technology.
I understand that method because I use it. I can predict a lunar eclipse using the Saros cycle without fully grasping the celestial mechanics that make it work. I know the four month types. I can explain node precession. I still confuse apogee and perigee. That is the normal condition of astronomy. It was true in Babylon, and it is true now, when I look up at the Moon and know that its orbit is tilted but cannot always remember which way.
The Babylonians wrote things down. I record observations in a notebook and discuss them with others. The medium changes. The method persists. You watch the sky. You note what happens. You look for the pattern. You test the pattern against the next event. When the pattern holds, you trust it. When it fails, you adjust. The Babylonians did this for centuries before anyone understood why eclipses happen. Their empiricism was not a lesser form of knowledge. It was the foundation that made later theory possible.
That conversation started a desire that I still have: to learn more about Babylonian astronomy. That desire is not a confession of ignorance. It is an acknowledgment of debt. The sky I observe tonight is the same sky they observed. The patterns I use to predict eclipses are the patterns they found. The patience is the same.
Chapter 14: Egyptian Astronomy: Sirius, the Nile, and the Sothic Calendar
The Three Seasons
I learned about the Sothic calendar from reading about archaeoastronomy. The Egyptians did not divide their year into four seasons. They divided it into three: Inundation, Growth, and Harvest. The Inundation season began when Sirius rose with the Sun, a event called the heliacal rising.
The Nile would flood. The fields would be sown. The harvest would follow. The cycle repeated.
The Sothic cycle lasted 1,460 years. This is how long it took for the heliacal rising of Sirius to return to the same date in the Egyptian calendar, which was 365 days long (no leap year, no adjustment). The calendar drifted. The seasons drifted with it.
But Sirius was the anchor. Every 1,460 years, the rising and the calendar matched again. Sirius is not on the ecliptic. It is below it, in the constellation Canis Major.
This means it is never in conjunction with the Sun in the way a planet would be. It is never directly behind the Sun from our perspective. But it does rise with the Sun once a year, and that rising was the marker the Egyptians used. The star was the star of Osiris, the god of the underworld and rebirth.
Its rising heralded the flood, and the flood meant life. I have seen Sirius rise in August. I know the Dog Days. I know the modern meaning (hot weather, lazy afternoons, the peak of summer).
The ancient meaning was different. The ancient meaning was: the river is coming. Prepare the fields. The star told them when.
The calendar told them how long. The flood told them whether they were right.
The Calendar Mechanics
The Egyptian civil calendar was 365 days long. It divided into twelve months of thirty days each, plus five epagomenal days at the end. There was no leap year. The calendar drifted compared to the solar year by one day every four years. Over 1,460 years, the drift completed a full cycle and the calendar returned to alignment with the heliacal rising of Sirius.
This is the Sothic cycle, which the Greeks named for Sothis, the Greek name for Sirius. The heliacal rising occurs when a star first becomes visible above the eastern horizon just before sunrise, after a period of being hidden by the Sun's glare. For Sirius at the latitude of Memphis, this happens in mid-July in the modern calendar. In ancient Egypt, it marked the beginning of the Inundation season, akhet, when the Nile floodwaters would spread across the floodplain, depositing silt and preparing the fields for planting.
The three seasons were akhet (Inundation), peret (Growth), and shemu (Harvest). Each lasted roughly four months. The year began with akhet, when the flood arrived. Peret followed, when the waters receded and the crops were sown.
Shemu ended the cycle, when the grain was harvested and the land lay dry until the next flood. The system was stable for millennia because the Nile's flood was predictable, and Sirius's rising was the alarm clock.
The Pyramid Texts and Dendera
The Pyramid Texts, carved into the walls of pyramids from around 2400 BCE, contain the oldest known references to Egyptian astronomy. They describe the king's ascent to the sky, his identification with Osiris, and his passage among the circumpolar stars (the imperishable ones, the stars that never set).
The Egyptians noticed that some stars circled the pole without dipping below the horizon, while others rose and set like the Sun. The circumpolar stars were associated with eternity. The rising and setting stars were associated with death and rebirth. The Dendera zodiac, a ceiling relief from the temple of Hathor at Dendera, dates to around 50 BCE and shows a hybrid of Egyptian and Greek astronomical traditions.
It depicts the zodiac constellations, Aries, Taurus, Gemini, arranged in a circle around the pole, with Egyptian deities and symbols mixed in. The zodiac was not native to Egypt. The Ptolemies imported it during the Ptolemaic period, after Alexander's conquest. But the Egyptians adapted it, as they adapted everything, to fit their own cosmology.
Ptolemy III issued the Canopus Decree of 238 BCE, which attempted to add a leap day to the Egyptian calendar every four years. The priests resisted. The old calendar was tied to religious observances, and changing it would mean changing the dates of festivals, the timing of rituals, the structure of the year itself. The priests ignored the decree.
The 365-day calendar persisted until the Roman conquest, when Augustus imposed calendar reforms in 26 BCE. (The Julian calendar itself had been introduced by Julius Caesar in 45 BCE.) The Sothic cycle continued regardless. Sirius kept rising.
The Star Itself
Sirius itself is a binary star system. The bright star we see, Sirius A, is a main-sequence star, 25 times more luminous than the Sun, 8.6 light-years away. Its companion, Sirius B, is a white dwarf, the collapsed core of a star that exhausted its fuel. It orbits Sirius A every 50 years. The Egyptians did not know this. They saw one star, and that star was enough.
I do not live by the Nile. I do not plant by the flood. I do not measure my year in three seasons. But I understand the mechanism.
I understand that a star's rising can mark a season. That a calendar's drift can be measured in centuries. That a culture can organize its entire agricultural cycle around a point of light in the dawn sky. The Egyptian calendar was wrong by a quarter-day per year. That is a small error. But small errors accumulate.
In 1,460 years, the calendar completed a full drift cycle and returned to its starting point. The Egyptians knew this. They named the cycle. They tracked it across dynasties.
That is long-term astronomy. Not the observation of a single night, but the observation of a pattern that outlasts a civilization. I have watched Sirius rise in August. I know what it looks like, a bright point climbing out of the haze, visible for a few minutes before the Sun overwhelms it.
The Egyptians saw the same thing, 4,000 years ago, and they built a calendar around it. I see a bright star. They saw the beginning of the year. The difference is not in the star.
It is in what the observer needs from it.
Chapter 15: Chinese Astronomy: The Lunisolar Calendar and the Year Star
The Moving Holiday
My mother used to celebrate Chinese New Year with vaguely specific foods (red and gold colors, a nod to tradition without full immersion). I grew up with the holiday as a colorful meal, not as a calendrical system. I knew it moved between January and February. I could not explain why.
In February 2016 I was thinking about the holiday because it was Chinese New Year's Day. I had just learned that it started at the new Moon, not at midnight on January 1. I wanted to understand more about lunar calendars. I knew the Chinese calendar was lunisolar and the Islamic calendar was purely lunar. I knew the two systems solved the same problem differently. I found Jupiter's connection to the year names fascinating. I liked learning about archaeoastronomy (the cultural meanings behind astronomical systems).
I was still getting things wrong. I claimed the 28 lunar mansions existed because the Moon takes 28 days to orbit. I was wrong by a day and a half. The synodic month is 29.5 days. The sidereal month is 27.3 days. Neither is 28. I had not learned that yet. I thought the number was the reason for the system.
In January 2017 I talked about the upcoming Chinese New Year. By then I had read Needham's Science and Civilisation in China, and I understood the distinction: the Chinese calendar is lunisolar, not purely lunar. It attaches the lunar new year to the solar cycle through intercalation. The holiday moves between January 21 and February 20 because it is tied to the new Moon. I explained this distinction as I understood it. I was still learning.
The Year Star
I tried tracking Jupiter against the Chinese zodiac in 2016. I looked up Jupiter's position on a star chart, found which mansion it occupied, and checked the animal for that year. It was the Year of the Monkey. Jupiter was in the correct region. The system worked. It had worked for three thousand years. I was not discovering anything new. I was verifying something old.
The 28 lunar mansions, er shi ba xiu, divide the ecliptic into 28 segments, each roughly 12.5 degrees wide. I learned this from Needham, and I had to read the section twice because my first assumption was wrong. I had thought the mansions divided the celestial equator. They do not. They divide the ecliptic, the same path the Sun travels. The difference matters. The equator is Earth's axis projected onto the sky. The ecliptic is the plane of Earth's orbit. The Chinese system tracks the Moon against the background stars, and the Moon stays near the ecliptic. So the mansions follow the ecliptic.
Each mansion is named and associated with a specific star or asterism. The Horn mansion includes Spica. The Heart mansion includes Antares. The Tail mansion includes stars in Scorpius. These are not abstract divisions. They are specific stars that serve as markers, and the Moon passes through one mansion per day, roughly. The mean lunar motion is roughly 13 degrees per day. Twenty-eight mansions at roughly thirteen degrees each (the widths are unequal, and the ancient astronomers knew it). They adjusted. They observed.
The correlation with the Moon's orbit is where I had been most wrong. In 2016 I claimed the 28 mansions exist because the Moon takes 28 days to orbit. The synodic month, the cycle of phases, is 29.5 days. The sidereal month, the orbit compared to the stars, is 27.3 days. Neither is 28. The 28 mansions are not caused by the orbital period. They are a division of the ecliptic chosen for convenience, for memorization, for ritual. The number 28 is round. It divides evenly into four groups of seven, matching the four cardinal directions and the seven days of the week. The system is mathematical as much as astronomical.
The Solar Terms
The 24 solar terms, jieqi, are the other half of the calendar, and they are what make it lunisolar rather than purely lunar. The jieqi divide the solar year into 24 equal segments, roughly 15 degrees of the Sun's motion along the ecliptic each. They mark agricultural events: the Beginning of Spring, the Rain Water, the Awakening of Insects, the Spring Equinox, and so on through the year. These terms are solar, not lunar. They do not drift. They anchor the lunar months to the agricultural cycle.
The intercalary system connects the two. Because 12 lunar months equals roughly 354 days, and the solar year is roughly 365 days, the lunar calendar drifts 11 days per year against the seasons. The Chinese solution is to insert a leap month, an intercalary month, roughly every three years, following the Metonic cycle of 7 leap months per 19 years. This is the same intercalation rule the Babylonians used, the same the Hebrew calendar still uses. Different cultures, same mathematics. The problem is universal: the Moon's cycle and the Sun's cycle do not divide evenly. The solutions converge because the numbers are the same.
Jupiter's role in the Chinese system first caught my attention. The planet's orbital period is 11.86 years, close enough to 12 that ancient Chinese astronomers called it the Year Star, Sui-xing, and used its position to mark the year. Each year, Jupiter occupies a different mansion. That mansion determines the year's animal sign. This is not astrology in the Western sense. It is astronomy used as a calendar. The Year of the Dragon means Jupiter was in the dragon's mansion. The Year of the Monkey means Jupiter was in the monkey's mansion. The cycle repeats every 12 years, matching Jupiter's orbit, and the 12 animals are mnemonics for Jupiter's position.
But the system is more complex than 12 animals. The full cycle is 60 years, not 12. The 12 animals cycle five times through a system of five elements, wood, fire, earth, metal, water, producing 60 unique combinations. People used the 60-year cycle for dating, for record-keeping, for historical chronology. It is a parallel to the Babylonian sexagesimal system, and like the Babylonian system, it is practical before it is mystical.
State Astronomy
The calendar was state-controlled in ancient China. Astronomers were government officials. Accurate calendars were necessary for agriculture, for taxation, for ritual. Incorrect calendars were a political failure, not just a scientific one.
The four directional guardians (Qinglong the Blue Dragon, Zhuque the Vermilion Bird, Baihu the White Tiger, Xuanwu the Black Tortoise.), are asterisms constructed from Western constellations but organized differently. The Blue Dragon spans Scorpius, Libra, and Virgo, with Spica as its horn and Antares in its heart. It is a much larger figure than anything in Ptolemy's catalog, and it crosses three of our zodiac constellations. The Vermilion Bird covers much of the southern sky. The White Tiger occupies the west. The Black Tortoise guards the north. These are not myths in the Greek sense (stories about gods and heroes). They are directional markers, seasonal indicators, calendrical tools. The dragon rises in spring. The bird dominates summer. The tiger appears in autumn. The tortoise holds the north in winter.
The state control of astronomy in ancient China was not incidental. It was structural. The emperor's legitimacy depended on his ability to read the sky correctly. Eclipses, comets, and planetary alignments were interpreted as heavenly commentary on earthly rule. An inaccurate calendar meant misaligned rituals, missed agricultural deadlines, and potentially lost mandate. The astronomers who maintained the calendar were not independent scholars. They were bureaucrats in the Bureau of Astronomy, and their work was political as much as scientific. This is different from the Greek tradition, where astronomy was often philosophical and individual. In China, it was institutional.
The Gnomon
The gnomon itself is worth understanding as an instrument. It is a vertical pole, but its use is sophisticated. The Chinese standardized the height at eight feet (roughly 2).3 meters (and placed gnomons at known latitudes to control for the changing angle of the Sun). By measuring the noon shadow length throughout the year, they determined the solstices precisely. The shadow is longest at winter solstice, shortest at summer solstice. The difference between these extremes, divided by the number of days, gives the Sun's daily motion. From this, the 24 solar terms follow naturally.
The method is not unique to China. The Babylonians used shadow measurements. The Egyptians used obelisks. But the Chinese systematized it earlier and maintained it longer, producing a continuous record of solstice observations spanning two millennia.
The 28 mansions also served a practical function beyond calendrical tracking. Chinese sailors used them in navigation. Chinese sailors used the height of specific stars, measured in finger-widths above the horizon, to determine latitude. The mansions provided a star catalog for this purpose. A navigator heading south would note when the Horn mansion rose to a certain height, indicating he had reached a specific latitude. The system was empirical, tested, and passed down through maritime manuals. The same stars that marked the Moon's monthly path also guided ships across the South China Sea. The sky was a single tool with multiple uses.
The Comparison
The comparison to other calendar systems reveals both the universality of the problem and the diversity of solutions. The Islamic calendar is purely lunar, 12 months of 29 or 30 days, no intercalation, drifting through the seasons over a 33-year cycle. The Gregorian calendar is purely solar, 12 months of arbitrary length, anchored to the tropical year, with the Moon's phases ignored apart from Easter. The Hebrew calendar is lunisolar like the Chinese, with a 19-year Metonic cycle and intercalary months, but it uses a different epoch and different month names. The Babylonian calendar was also lunisolar, with intercalation determined by royal decree rather than fixed rule. Each system is a response to the same gap: 29.5 does not divide into 365.25. The Chinese solution is one of the most sophisticated, and one of the oldest.
I checked Jupiter against the star chart in 2016. The planet was in the right mansion for the Year of the Monkey. I still have the chart. I marked the 2016 position in the margin, in my handwriting from when I was learning. The mark is messy. But the position is correct. The system worked.
Now, my mother celebrates with red and gold. She still does not know why the date moves, and she does not need to. The calendar she uses is older than the book I read to understand it. It has survived dynasties and revolutions and the adoption of the Gregorian calendar for civil use. It is still used for holidays, for weddings, for funerals, for the timing of meals. I have learned to see it as astronomy in cultural disguise, a diagram of Jupiter's motion, a record of solstice shadows, a navigation catalog passed down through generations. She sees it as tradition. Both views are accurate. Both are useful.
I look at the star chart sometimes, not to find Jupiter (I have apps for that now.), but to remember what it felt like to verify something for the first time. The chart was simple. The planet was there. The animal matched. The system was three thousand years old and it still worked. I was not discovering anything. I was just looking. That is the only expertise I have.
Chapter 16: Mayan Astronomy: Venus, Warfare, and the Calendar
What I Thought I Knew
I used to think Mayan astronomy was about pyramids and calendars. That was about as far as I got. I knew they had some connection to Venus (that the planet showed up in their mythology, that they tracked it somehow). But I did not know how deep it went. In 2017, a friend and I were reading through a book on ancient skywatching, and every time we got to the Mayan section I would say the same thing: I want to go through that properly. I meant it. I just did not know enough yet to talk about it.
That is the strange thing about ancient astronomy. You can recognize that it mattered without understanding why. I knew the Maya had built something sophisticated, though I could not say how. I knew Venus was important to them, but not the mechanism. The distance between recognizing the significance and understanding it was wide. It still is, in some ways.
The Source
The book we were reading through had chapters on Babylon, Egypt, China, and then the Americas. I found myself skipping ahead to the Maya section, then skipping back because I had not understood enough to move forward. The chapters were dense. Dates, cycles, corrections, architectural alignments. I would read a page and realize I had absorbed almost none of it. So I would go outside and look at Venus instead. That was easier. Venus was right there. The Maya had watched the same planet from a different latitude, a different atmosphere, a different framework of meaning. I kept trying to hold both views at once (my evening sky in Oregon, their morning sky in the Yucatan), and I kept losing the thread.
The source, finally, was not the book. It was the conversation. A friend and I would read something, then try to explain it to each other, then realize we had both misunderstood it, then go back to the text. That process, the misreading, the correction, the second attempt, was where the learning happened. Different perspectives on how the different cultures pieced together how their stars worked. That was what I was trying to understand.
Venus and the Calendar
What I learned first was that the Maya did not just watch Venus. They built a calendar around it, a warfare schedule around it, a feminine mythology around it. The planet had a long year or a short year, depending on where Earth was in its orbit. Near the solstice, Venus stayed hidden longer: what I called a long year. Near the equinox, it reappeared faster (a short year). The Maya tracked these windows and built them into their calendar.
They also connected Venus to childbirth. The amount of time that it is up in the sky, roughly two hundred and fifty days, matched the days from conception to birth. That was not a coincidence they ignored. They built it into their understanding of the planet. Venus was not just a light in the sky. It was a timer for human generation.
I found a parallel that stuck with me. The Acadians had Ishtar. The Greeks had Aphrodite. The Romans had Venus. All feminine. All tied to the same planet. And the Maya, separately, had their own feminine association (not the same goddess, not the same story, but the same instinct). The same planet, the same pattern, the same human response. That was what made it feel real to me. Not the architecture, not the codex. The pattern.
Only later did I learn how precise the system was. The Dresden Codex (a Mayan manuscript from the eleventh or twelfth century), contains six pages of Venus tables tracking sixty-five synodic periods. Each period is roughly five hundred and eighty-four days. Sixty-five of those equals one hundred and four solar years. They called this the Venus Round. The tables account for the slight variation in Venus's cycle (it is not always five hundred and eighty-four days), using a correction scheme that maintains accuracy over centuries.
The architecture was part of the calendar. At Uaxactun, a Preclassic site in Guatemala, the E-Group complex consists of three temples on an east platform aligned to sunrise positions on the solstices and equinoxes. An observer standing at the western pyramid could watch the Sun rise behind the eastern temples and know, without a written record, what day of the year it was. At Chichen Itza, the Caracol, a round tower with narrow windows, aligns to Venus's extreme northern and southern horizon positions. The windows are not decorative. They are instruments.
The Maya also tracked eclipses. They knew the Saros cycle, or something like it. They could predict when the Sun would go dark and schedule their wars around the prediction. A heliacal rising of Venus (the first appearance of the planet in the morning sky after its period of invisibility), often marked the beginning of a military campaign. The correlation was statistical, not absolute. Not every war followed Venus. But enough did that the pattern mattered.
Stone, Shadow, and Standstill
The same instinct showed up elsewhere. In January 2017, a friend and I were talking about Stonehenge and about Native American sites in the Southwest that marked something called lunar standstills. I had read about these places and I was always fascinated by them. The idea that you could build a structure of wood or stone and use it to read the sky. Not just to mark a date, but to understand the calendar itself.
Stonehenge is the famous example. The Aubrey holes, fifty-six pits in a circle, may have functioned as an eclipse predictor. The heel stone and the avenue align to the summer solstice sunrise. Whether it was a ceremonial center, an observatory, or both is still debated. What is not debated is that the builders knew where the Sun would rise on the longest day of the year. They oriented their architecture to it deliberately.
In the American Southwest, the pattern repeats with different materials. At Fajada Butte in Chaco Canyon, a spiral petroglyph on a cliff face catches a dagger of sunlight at noon on the summer solstice. Two beams bracket the spiral at the winter solstice. Anna Sofaer discovered the site in 1977 and it was damaged by erosion in 1989; some of the alignments are now irreproducible. That uncertainty is part of the record. You cannot verify every claim. Some knowledge is lost to time and weather.
At Cahokia, near modern St. Louis, a circle of wooden posts, a woodhenge, aligns to the solstice sunrise. The posts are gone now, but the postholes remain. At Chaco Canyon itself, the great houses of Pueblo Bonito and Chetro Ketl show astronomical alignments in their construction. The people who built them did not have the Maya's written codex, but they had the same sky, the same patience, the same impulse to build what they knew in stone.
I also remember reading about a site in Arizona (I think it was in the southwest). Two natural pillars or mountains were organized so that one marked the Moon's extreme position and the other marked the Sun's. A person standing at the right spot could watch the Moon rise between the pillars at its northernmost standstill, or the Sun at its solstice position. I do not know which tribe built the observation point. I do not know the name of the site. I know that someone stood there, generations ago, and used the landscape itself as an instrument.
The Anchor
I have never been to Chichen Itza. I have never seen the Fajada Butte sun dagger. I have never stood inside Stonehenge at dawn. My access to these places is through books, through conversation, through the attempt to explain what I have read to someone else and discovering, in the explanation, what I still do not understand.
The anchor for this chapter is not a place. It is the conversation. The notes spread on the table. The winter sky outside the window in Oregon, where Venus was doing what the Maya said it would do, appearing, disappearing, reappearing, while we tried to make sense of what they had seen.
What I Now Understand
What I understand now is that the Maya did not just watch Venus. They built a civilization around it. The calendar was not a tool for scheduling appointments. It was a political instrument, a religious framework, a military strategy. The king's legitimacy depended on predicting the sky correctly. The priest's authority depended on reading the codex accurately. The farmer's survival depended on knowing when the rains would come. All of it ran through the same observation: the planet rising in the east, moving across the sky, disappearing into the Sun's glare, returning.
Different cultures piece the same sky into different patterns. The Babylonians saw omens. The Egyptians saw seasons. The Maya saw war and birth and rain. And all of them were right, in their way. The sky does not have one meaning. It has as many meanings as there are people looking up.
I was always fascinated about those types of things. I still am. The more I learn, the more I realize how much was built without telescopes, without computers, without the instruments I take for granted. The Maya had patience, or at least their system did. Their calendars span centuries. They had the same sky I have, and they saw more in it than I do. That is not a failure of technology. It is a difference of attention. They paid attention to Venus for centuries. I have paid attention for years. The gap is not in the equipment. It is in the duration.
Chapter 17: The Winter Sky: Orion, the Hexagon, and How to Find Your Way
[image: An hour of the circumpolar stars, the sky wheeling on its pivot]PB-10: An hour of the circumpolar stars, the sky wheeling on its pivotThe Father's Lesson
I remember my father and I would go out when I was a kid and look at Cassiopeia and Capella and try to find the Andromeda Galaxy with binoculars. It was a little wisp. That was my introduction to the winter sky. By the time I was about sixteen I started having a more clear understanding of how the constellations moved.
I still get confused when the seasons change. Last year I spun myself around a few times trying to figure out which way was which. The Winter Hexagon is my anchor now. I trace it the same way my father taught me.
Start at Capella, near the zenith in February, and spiral downward. Go to Castor and Pollux in Gemini, then down to Procyon in Canis Minor. Keep going to Sirius in Canis Major, across to Rigel at the foot of Orion, up to Aldebaran in Taurus, and back to Capella. Six first-magnitude stars. Six constellations. I did not always see the larger pattern. For years I knew the individual stars without seeing the connection. Then someone pointed out the hexagon shape and I could not unsee it.
The Seasonal Markers
Capella is my seasonal marker. It rises in the northeastern sky around nine o'clock in early September, and by deep winter it is nearly at the zenith. When I see it in August I know the seasons are turning. I have been watching this star for fifteen years and I still notice it every August.
It is part of how I stretch the sky out cross-seasonally (Vega means summer, Capella means fall, Sirius means winter, Arcturus means spring). The same stars return, and I know what time of year it is. Orion's belt is the universal reference point. Three stars in a line.
From the belt you can find everything else. Follow the line one way and it points to Sirius. Follow it the other way and it points to Aldebaran. I have shown this asterism to people more than any other.
It is impossible to miss and impossible to forget. The hunter rises on his side, rotates upright as he crosses the meridian, and sets upside down. This is not Orion moving. It is the Earth turning, and our perspective changing.
The Brightest Stars
Sirius is the brightest star in the night sky. They call it the Dog Star. It is only eight light-years away, which is why it dominates. Procyon, the little dog star in Canis Minor, is bright too (magnitude 0).34 (but the drop-off after that is huge).
Gomeisa, the second brightest in Canis Minor, is magnitude 2.9. You barely notice it. The constellation is basically Procyon plus some dim friends. That is common in the winter sky.
The bright stars are very bright, and everything else fades into the background. I use Arcturus to find my way. I still have the memory of the first time I spotted it and thought: that must be east. It was.
Arcturus is an orange giant, 37 light-years away, one of the brightest stars in the northern sky. It rises in the east in spring, but in late summer it appears in the evening sky and I know the seasons are turning. The arc from the Big Dipper handle leads to Arcturus. That is the mnemonic.
Arc to Arcturus. From there you can find your way back to the winter hexagon when the time comes.
The Hexagon in Detail
The Winter Hexagon spans roughly 40 degrees of sky. This makes it one of the largest asterisms visible from the northern hemisphere. Its constituent stars are all first magnitude or brighter. Capella, Rigel, Aldebaran, Betelgeuse, Procyon, and Pollux form the hexagon. Their designations: Alpha Aurigae (0.08), Beta Orionis (0.12), Alpha Tauri (0.85), Alpha Orionis (variable 0.0–1.3), Alpha Canis Minoris (0.38), and Beta Geminorum (1.14). Castor (Alpha Geminorum, 1.93) was designated Alpha by Johann Bayer in 1603, but Pollux is brighter. The error persists after four centuries.
The hexagon sits in the thick band of the Milky Way. In Auriga alone there are three bright open clusters: M36, M37, and M38. M36 is the youngest and most compact, with about sixty stars. M37 is the richest, with roughly 150 stars. M38 is the oldest and most dispersed. All three are visible in binoculars from dark skies. In Canis Major, M41 is an open cluster about 2,300 light-years away, visible to the naked eye under good conditions as a faint smudge near Sirius.
The Mythology
The mythology of this region is layered. Orion as the hunter is Greek, but the pattern is older. The Babylonians saw it as a shepherd. The Egyptians associated it with Osiris. The Big Dipper carries a cross-cultural bear myth that appears in Native American oral traditions across North America, in Siberian cultures, and in European folklore.
Fourteen to seventeen cultures, separated by thousands of miles and thousands of years, all identified these seven stars as a bear. There is no obvious visual resemblance. Either the pattern is so basic that independent cultures converged on the same interpretation, or there was an oral tradition that spread across the northern hemisphere before recorded history. The three stars of the handle are the hunters tracking it.
Mizar, the second star in the handle, has a faint companion, Alcor, visible to sharp eyes. Some traditions say Alcor is the pot that carries the bear's blood. Others say it is a test of vision: if you can see Alcor, your eyes are sharp enough to hunt. The myth is not astronomy, but it is astronomy-adjacent.
It is a way of encoding sky knowledge in story form. Sirius has its own cross-cultural weight. In ancient Egypt, its rising heralded the Nile flood and the growing season. The Egyptians called it the star of Osiris.
The Greeks called it the Dog Star and associated its summer rising with heat (the Dog Days of August, when Sirius rises with the Sun). The ancients believed two suns meant more heat. Sirius is eight light-years away. It has no thermal effect.
But the correlation between its rising and the hottest part of summer was real, and the explanation was wrong. Precession of the equinoxes shifts the positions of the zodiac constellations over time. The tropical zodiac was codified roughly 2,000 years ago, when the Sun entered Aries at the spring equinox. Now, due to precession, the Sun enters Aries nearly a month later.
In 12,000 years, Vega will be the pole star. In 26,000 years, the precession cycle completes. The winter sky we see now is not the winter sky the Egyptians saw, and it is not the winter sky our descendants will see. The stars are fixed compared to each other, but our view of them rotates slowly, like a clock running backward over millennia.
[image: The Pleiades rising, the winter band behind them]NS-15: The Pleiades rising, the winter band behind themThe Winter Triangle and Betelgeuse
The Winter Triangle, Sirius, Procyon, and Betelgeuse, is a smaller asterism within the hexagon. It is less well known than the Summer Triangle but just as bright. Betelgeuse is a red supergiant, one of the largest stars visible to the naked eye. If placed at the center of our Solar System, its surface would extend past the orbit of Mars.
It is also variable, pulsing irregularly as it nears the end of its life. Astronomers expect it to go supernova within the next million years. When it does, it will be brighter than the full Moon for weeks.
I still have the binoculars my father used. They are not astronomy binoculars (they are the kind you stash in a pickup truck, 10 by 15, narrow angle of view). I have better equipment now. But I still use them sometimes, standing in the backyard, looking for the little wisp that is another galaxy.
The wisp is still there. My eyes are older. The binoculars are the same. I get confused less often now.
Not because I am smarter, but because I have seen the pattern more times. Capella rises. Orion rotates. Sirius follows.
The hexagon holds. I still spin myself around sometimes, late at night, trying to remember which way is east. Then I find Arcturus. That must be east.
It still is. The winter sky is dense with bright stars in a way the summer sky is not. The Milky Way runs through it, and the constellations along that band, Orion, Gemini, Auriga, Canis Major, Canis Minor, all contain first-magnitude stars. The summer sky has the Summer Triangle, which is spectacular, but the rest of the constellations are fainter.
The winter sky does not let up. From horizon to horizon, bright point after bright point. Which is why it is the best season for teaching someone the sky. The landmarks are obvious.
The connections are clear. The hexagon is a structure you can build on. My father saw one sky. I see the same stars in a different season of my life.
Someone else will see them in 12,000 years when Vega is the pole star. The names will change. The patterns will shift. But the stars will still be there, and someone will still trace lines between them to find their way home.
Chapter 18: The Summer Sky: The Triangle, the Milky Way, and Seasonal Stars
[image: The galactic core over the treeline]PB-08: The galactic core over the treelineThe Backyard Lesson
My father took me out when I was a kid and showed me the constellations. We lived in a place with enough darkness that you could see them (not like the city, where the sky is orange and the stars are gone). He had a pair of binoculars, nothing fancy, and he would point them at Cassiopeia, or Capella, or the fuzzy patch in Andromeda that I now know is a galaxy. I did not know that then. I just knew it was a smudge that was not a star.
The lesson that stuck was the arc. He took an empty beer bottle and held it up against the sky, using the curve of the glass to trace a path from the handle of the Big Dipper to a bright orange star. Arc to Arcturus, he said. I had not known the name meant "guardian of the bear." I had not realized it was an orange giant thirty-four light-years away. I just knew that if I followed the curve, I found the star.
I used to play the harp when I was young. Not well, but enough that the instrument stayed in my memory. Years later, when I started learning the constellations on my own, I found Lyra. Lyra is the harp constellation, and Vega is its brightest star. Vega is my favorite star, partly because of that connection. The harp I played as a child became a constellation I could find as an adult. And Vega helped me find Hercules, which spreads out above it like a dim, sprawling figure that takes patience to trace. I needed the patience. I still do.
The Triangle
The Summer Triangle is not a constellation. It is an asterism. Three bright stars from three separate constellations that form a pattern large enough to dominate the summer sky. Vega in Lyra. Altair in Aquila, the Eagle. Deneb in Cygnus, the Swan. They rise in the east in June, hang overhead in August, and drift to the west in October. I have watched them do this for years. I still get confused when the orientation shifts.
Vega is twenty-five light-years away. A blue-white main sequence star. Close enough that the light I see left it when I was a child. It is the brightest of the three, the anchor, the one I find first. Altair is only seventeen light-years away (the closest naked-eye star in the triangle). It sits in Aquila with two dimmer companions, Alshain and Tarazed, forming a rough scale or balance. In binoculars you can see the companions. Without them, Altair is just a steady white point.
Deneb is the strange one. I used to think it was about fifteen hundred light-years away. More recent estimates put it closer to twenty-six hundred. Either way, it is enormously farther than Vega or Altair. And yet it appears almost as bright. That is because Deneb is not a main sequence star. It is a supermassive supergiant (one of the most luminous stars known). If you placed it at Vega's distance, it would cast shadows at night. The light I see from Deneb left during the fall of the Roman Empire, or earlier. The light from Vega left during my childhood. They look like neighbors in the sky. They are separated by millennia.
The Image Stays With Me
I remember last year having a hard time when it changed. The triangle had been in one position in June (Vega on the left, Altair on the right, Deneb at the top.), and by September the whole thing had rotated. Vega was lower. Deneb had swung west. The stars were the same, but the shape was different, and my mental map had to adjust. It still does, every year. I know the pattern. I do not always know where to expect it.
That is the thing about a seasonal asterism. It is not fixed. It rises and sets like everything else, but because it is so large and so bright, you notice the motion more. In June it comes up in the northeast after sunset. In August it is straight overhead by ten o'clock. In October it is sinking into the western horizon while the winter constellations, Taurus, Orion, Canis Major, are climbing up in the east. The sky is not a map you memorize once. It is a map you re-learn every season.
The Path
From Vega, the arc my father taught me still works. Arc to Arcturus. The orange giant in Boötes, thirty-four or thirty-seven light-years away, depending on which estimate you trust. It is the fourth brightest star in the sky, and it marks the transition from spring to summer. Keep going and you reach Spica in Virgo, a bright main sequence star that sits near the ecliptic. The path is old. It has been taught to generations of amateur astronomers because it works. You can find your way across a quarter of the sky with two jumps.
In the other direction, toward the southern horizon, you find Antares in Scorpio. The name means "rival of Mars", anti-Ares, because it is red, and because it sits near the ecliptic where Mars often passes. It is a super red giant, five hundred and twenty light-years away. In the summer of 2016, Mars, Saturn, and Antares formed a straight line in the southern sky. Mars moved through the head of Scorpio for a few weeks. It passed close to the stars Shaula and Lesath. I watched it night after night, measuring the planet's motion against the fixed pattern of the scorpion.
What struck me then, and still does, is that Scorpio is recognized as a scorpion by cultures that never met. The Babylonians saw it. The Greeks saw it. The Arabs saw it. And some Native American traditions saw something completely different (a palm tree, or a fishhook). Same stars. Different story. The pattern is real. The meaning is human.
The Milky Way
The Milky Way runs through the Summer Triangle like a river of light. From a dark site, Eastern Oregon, the high desert, the coast, you can see the band clearly, stretching from the southern horizon through Aquila and Cygnus and on toward Cassiopeia in the north. The bright parts are stars. The dark parts are dust clouds (not empty space, but material blocking the light behind it). When I was a kid, my father explained that to me. I thought the dark patches were gaps. They are the opposite. They are the stuff in the way.
In Cygnus, near Deneb, is Sadr (the second brightest star in the constellation, sitting right amid the Milky Way band). And near Cygnus is Cygnus X-1, the first black hole ever discovered. Not visible, of course. But the system is there, a dark companion pulling matter from a blue supergiant, emitting X-rays that telescopes can detect. The Summer Triangle is full of things you cannot see.
The Photograph
I photographed the Milky Way in Eastern Oregon with a ten-millimeter wide-angle lens. We were out past the Cascades where the sky is dark enough that the band shows color (not just white, but pale green and rose where the emission nebulae sit). I left the shutter open for twenty seconds, maybe thirty, trying to capture as much light as possible without getting star trails. The wide angle helps. The shorter the focal length, the longer you can expose before the Earth's rotation drags the stars into streaks.
The photograph showed Scorpio and Sagittarius on the southern horizon, the galactic center dense with structure, and the Summer Triangle overhead, Vega, Altair, Deneb, marking the path of the galaxy as it curved across the sky. It was one of those images that looks better than what your eye can see, because the camera collects light for seconds while your eye refreshes every fraction of a second. The camera is patient in a way the eye is not.
[image: The summer Milky Way over an Eastern Oregon valley]NS-1: The summer Milky Way over an Eastern Oregon valleyThe Pattern of Returns
I have been watching the Summer Triangle for most of my life, and I am still learning it. This is the return, for this chapter. Not a single observation, but a pattern of observations stretched across years. The triangle in June is not the triangle in September. The star I loved as a child, Vega, the harp, is the same star I photograph as an adult, but my understanding of it has changed. It used to be a point of light that helped me find Hercules. Now it is a blue-white main sequence star twenty-five light-years away, close enough that we have measured its disk, bright enough that it served as the reference point for the magnitude scale.
Both views are true. The personal one and the scientific one. I like knowing the distance. I also like knowing that my father showed it to me with a beer bottle in the backyard. The sky does not care which framework I use. It is just there. But I care. And the longer I watch, the more frameworks I collect (the childhood one, the photographic one, the mathematical one). They do not replace each other. They layer.
That is what a seasonal asterism teaches you, if you watch it long enough. The stars come back. But you are different. And the sky, when you look at it again, is different too. Not because the stars have moved. Because you have learned to see them.
Part IV: The Practice

Chapter 19: Andromeda Galaxy: The Smudge That Is Another Island of Stars
[image: An autumn wide field, open clusters over the ridge]PB-11: An autumn wide field, open clusters over the ridgeThe First Sight
On autumn nights, when the sky has cleared after the summer haze, the stars come back with their winter brightness. I look for a fuzzy speck just north of Pegasus, down from Cassiopeia, above the Pleiades and Taurus. It does not look like much. It is a little smudge, barely there, the kind of thing you might mistake for a faint cloud or a flaw in your vision. But it is not a cloud. It is not a flaw. It is another galaxy.
I took photographs of it in 2016. I pointed the camera at the smudge and opened the shutter for a couple of seconds, and the smudge resolved into something else. Not a point of light like a star. Not a disk like a planet. A spiral, faint but definite, with structure. Arms. Dust lanes. A core. The camera saw what my eyes could not. The camera collected photons for longer than my retina allows, and the result was a galaxy sitting amid an imaginary pattern of stars.
That is the strange thing about constellations. They are real because the stars exist. But the patterns are human inventions. We drew lines between random points of light and named the shapes after creatures and gods and heroes. The constellations do not exist as objects. They exist as observations. Andromeda, the constellation, is a pattern. Andromeda, the galaxy, is a real thing. It is out there, whether anyone is looking or not.
I can see it from dark sky sites without any equipment. I do not need a telescope. I do not need a camera. I need only eyes that have adjusted to the dark and a sky that is clear enough to reveal the smudge. It is the most distant object visible to the naked eye. Two and a half million light-years. That distance is impossible to hold in my mind. I know the number. I can say it. But I cannot feel it. The gap between knowing and feeling is where astronomy lives.
[image: The Andromeda Galaxy as a faint smudge in a dark sky, and the same field with a short exposure revealing spiral structure]NS-18: The Andromeda Galaxy as a faint smudge in a dark sky, and the same field with a short exposure revealing spiral structureThe Confusion
People have been looking for a long time. In the tenth century, a Persian astronomer described it as a "little cloud" near the constellation that would later be named Andromeda. He did not know what it was. He only knew that it was not a star and that it stayed in the same place. In 1764, Charles Messier cataloged it as the thirty-first entry in his list of objects that were not comets. He was trying to help comet hunters avoid false positives. The smudge kept showing up in the same spot, night after night, which meant it was not a comet. It was something else. Something fixed.
For centuries, astronomers assumed it was a nebula (a gas cloud inside the Milky Way). They called it the Andromeda Nebula. They thought it was local, maybe tens of thousands of light-years away, part of our own galaxy's structure. The idea that it could be a separate island of stars, as big as or bigger than the Milky Way, was not seriously considered. The universe was the Milky Way. Everything else was detail.
The Standard Candle
The problem was distance. How do you measure the distance to a smudge? You cannot use parallax, the shift in position against background stars, because the smudge is too far away. The shift is too small to detect. You need another method. You need what astronomers call a standard candle.
I learned about this concept from trying to understand how we know how far away things are. The analogy is simple. If you have a candle one foot in front of you, you know how bright it is. If someone moves that candle to the far end of a football field, it will look dimmer. But because you know how bright the candle is, you can calculate how far away it has been moved. The candle is a standard candle (an object of known intrinsic brightness). Measure its apparent brightness. Do the math. Get the distance.
The trick is finding the right candle. You need something that happens in a relatively special circumstance, something whose brightness is predictable. I thought it might be quasars, or supernovae (some sudden pop that happens in a star). I was imprecise. The actual discovery came from a different kind of star. In 1912, Henrietta Leavitt, working at the Harvard College Observatory, identified a relationship in a class of variable stars called Cepheids. She found that the brighter the Cepheid, the longer its period of variation. This meant that if you measured the period (how long it took the star to brighten and dim), you could determine its intrinsic brightness. Then, by comparing that to how bright it appeared, you could calculate its distance.
In 1924 and 1925, Edwin Hubble (the astronomer, not the telescope that would later be named for him), used Leavitt's method. He found Cepheid variables in the Andromeda Nebula. He measured their periods. He calculated their distances. The result was not ten thousand light-years. It was not even a hundred thousand. It was roughly two million light-years. The Andromeda Nebula was not a nebula. It was a galaxy, a separate island of stars, comparable in size to the Milky Way, floating in the void beyond our own.
I knew this much when I looked at the smudge. I knew that Hubble had been the first to figure out a way to identify Andromeda as a separate galaxy. I had not heard of Henrietta Leavitt, nor did I know the precise distance. I estimated about two million light-years. The actual distance is closer to two and a half million. The error does not matter for finding it. It matters for understanding what it is. My error is instructive. It shows the difference between knowing that something is far and knowing how far.
The Galaxy Itself
Andromeda is the nearest major galaxy to the Milky Way, but near is a relative term. It contains roughly one trillion stars, more than the Milky Way's two to four hundred billion. It spans about two hundred twenty thousand light-years across. It is visible to the naked eye from dark sky sites because it is large and bright in absolute terms, though its individual stars are too faint to resolve without a telescope.
It is also moving toward us. While most galaxies are redshifted (moving away due to the expansion of the universe), Andromeda is blueshifted. It is falling toward the Milky Way at roughly one hundred ten kilometers per second. The two galaxies are gravitationally bound, part of the same Local Group that includes Triangulum and dozens of smaller dwarf galaxies. In about four and a half billion years, they will collide. The collision will not be destructive in the way Hollywood imagines. Stars are so far apart compared to their size that direct collisions will be rare. Instead, the galaxies will pass through each other, their gravity distorting both structures, and eventually merge into a single elliptical galaxy. By then, the Sun will be a red giant. Earth may no longer be habitable. The collision is cosmic-scale slow motion, happening on a timescale that makes human civilization look like a single breath.
The light I see when I look at the smudge left Andromeda roughly two and a half million years ago. It traveled across the intergalactic void while the ancestors of modern humans were learning to make stone tools. It passed through the Local Group, crossed the Milky Way's halo, entered our Solar System, and hit my retina in a harvested field in Oregon. The photons are ancient. The experience is immediate.
The Shift
I wonder if there will be anything in my lifetime that changes our understanding as much as Hubble's discovery changed his. He took the universe from one galaxy to billions. He took human perspective from the center of everything to the edge of one island among countless others. That is a hard shift to absorb. It is still shifting. Every time I look at the smudge, it reminds me that the sky is not a dome with lights painted on it. It is depth. It is structure. It is objects at distances that my brain cannot properly process.
The camera helps. A couple seconds of exposure turns the smudge into a spiral. The telescope helps more, resolving individual stars, identifying Cepheids, measuring periods, calculating distances. But the naked eye is where it starts. You do not need equipment to know that the smudge is there. You do not need a Ph.D. to understand that it is another galaxy. You need only dark skies, patience, and the willingness to look at something that looks like nothing and trust that it is everything.
The constellations are not real. The galaxy is. The patterns we draw are human inventions. The objects we discover are not. Andromeda was there before anyone named it, before anyone cataloged it, before anyone measured it, before I pointed my camera at it. It will be there after the Milky Way collides with it, after the merged galaxy settles into a new shape, after the last human eye has closed. The smudge persists. The observation is temporary. The knowledge accumulates. And the space between what we can see and what we can understand is where astronomy happens.
Chapter 20: The Galactic Center: Seeing What You Cannot See
[image: The summer band low over the trees]PB-09: The summer band low over the treesThe Plan That Failed
I never bought the mount we wanted. The tripod sat in the closet without one. In July 2016, a friend and I planned to look at the deep sky objects in the Milky Way. We wanted a binocular mount for the tripod. We knew that Scorpio and Sagittarius would be deep in the south, right on the horizon line, and that the teapot in Sagittarius would be there. We understood that the thick wafer of stars was the galactic center. If you stayed up late enough, that same spot would empty out as the center moved past. Then you were looking away from the disk of the galaxy, out into the sparse outer arms. Fomalhaut would be the only bright star.
We never did the observation. I can still picture what I would have seen. The technique I would have used, averted vision, looking slightly to the side, I had learned in April, from trying to spot Mercury near the western horizon in twilight. The cones interpret color in the center of your vision. The rods interpret contrast in the periphery. If you look directly at a dim object, it may vanish. If you look slightly to the side, it resolves. I had used this for Mercury, a planet I could barely see. I would have applied it to the center of the galaxy, a structure I cannot see at all.
What We Know
The galactic center was first identified as a strong radio source by Karl Jansky in 1933. He was working for Bell Telephone Laboratories, investigating sources of static that interfered with radio transmissions. He built a rotating antenna and found a hiss that peaked every 23 hours and 56 minutes (the length of a sidereal day). The source tracked with the stars, not the Sun. It was strongest in the direction of Sagittarius. Jansky did not know what he had found. He suggested it might be thermal radiation from interstellar gas. It was the radio signature of the galactic center.
Modern radio astronomy revealed Sagittarius A* as an extremely compact source at the dynamical center of the Milky Way. The star S2 orbits Sgr A* with a period of 16 years, reaching speeds of 5,000 kilometers per second at closest approach. These velocities require a central mass of roughly 4 million solar masses confined to a region smaller than our Solar System. The Event Horizon Telescope collaboration produced an image of Sgr A* in 2022, showing a ring of light around a dark central shadow (the photon sphere of the black hole).
Optical telescopes cannot see the galactic center. Interstellar dust blocks roughly 30 magnitudes of visible light. A 30-magnitude extinction means that a star bright enough to see with the naked eye at the center would be invisible from Earth, even through the largest telescope. Radio waves penetrate the dust effectively. So do infrared wavelengths. Multiwavelength astronomy is necessary for the galactic center. Each wavelength reveals a different component: radio shows synchrotron emission from relativistic electrons; infrared shows the stars orbiting the black hole; X-rays show hot gas accreting onto it.
The Observation I Finally Made
Years after that failed July plan, I went back to Hart Mountain with a proper binocular mount and a pair of 10x50s. The same friend was there. We set up after dark and waited for Sagittarius to climb high enough above the southern horizon. The teapot shape is easy to find once you know it (a square of stars for the body, a triangle for the spout, a curve for the handle). The spout points toward the galactic center.
I used averted vision. I looked slightly to the left of where I knew the center was, letting the rods in the periphery of my retina do the work. And there it was (not a point, not a shape, but a glow). A thickening of the Milky Way band where the dust lanes converge. A place where the star density becomes so high that the individual points blur into a continuous luminous haze. It was not dramatic. It was not the kind of thing that makes you gasp. But it was there, and I had found it by technique rather than by sight.
The method is what stays with me. Not the object, but the method. The eye is not a camera. It is a patchwork of specialized detectors, and the center is not the best part for every task. For dim objects, the edge is better. I learned this looking for Mercury in twilight, a planet I could barely see, and I applied it to the center of the galaxy, a structure I cannot see at all. The method travels farther than the observation.
[image: The Milky Way band in Sagittarius, showing the teapot asterism and the dense star fields toward the galactic center]NS-19: The Milky Way band in Sagittarius, showing the teapot asterism and the dense star fields toward the galactic centerI have binoculars now (the 10x50s, and a pair of 10x42s that are the better tool and the ones I actually use). The mount from the 2016 plan never did get bought. But I have looked at the galactic center with my eyes, using side vision, seeing the glow that resolves when I look away and vanishes when I look directly at it. I have not photographed it. I have not drawn it. I have only looked.
Chapter 21: Exoplanets: The Planets We Cannot See (Yet)
The TRAPPIST-1 Conversation
In March of 2017, a friend and I spent an evening talking about a star I could not see. Astronomers had just announced that TRAPPIST-1 had seven planets. Not gas giants. Earth-sized planets. A few of them might be warm enough for liquid water. I remember reading about it and trying to picture what that meant. Thirty-nine light-years away in Aquarius. Too dim for my telescope. Too far for my camera. The star itself is an ultra-cool red dwarf, spectral type M8V (cooler and smaller than the Sun, barely bigger than Jupiter in diameter). Something you would not notice unless you knew where to look.
I found it strange that we could know so much about a place we could not see. Everything online was artist renderings. Beautiful paintings of rocky worlds with oceans and clouds. I looked at them and knew they were guesses. No one has photographed these planets. They measured a dip in brightness, a shadow crossing a distant light, and from that shadow they built an entire system. The observation was real. It was just not visual.
Since I could not see the planets, I imagined what it would be like to stand on one. If you were on one of those seven worlds, you could look up and see another planet in the sky larger than our Moon appears to us. You could make out geography. Coastlines. Weather patterns. Storms wrapping around a neighbor. You would know the season on the next world over without a telescope.
I tried to imagine two cultures growing up on adjacent planets. Before they ever built radios or rockets, they would know each other was there. Just by looking up. That seemed like such a strange and lucky thing. We look up and see Venus as a point of light. They would look up and see continents.
Proxima and the Strange Math
TRAPPIST-1 is thirty-nine light-years away in Aquarius. There are stars much closer. Proxima Centauri is only 4.2 light-years away, and it has a planet too. We found that one in 2016, the year before the TRAPPIST-1 system made the news. It orbits a red dwarf, like TRAPPIST-1, and it sits in the habitable zone. But we know less about it. TRAPPIST-1 feels more real because we know more (the sizes, the orbits, the possibility of water). The farther system is the one that feels close.
That is the strange math of exoplanets. Distance does not equal familiarity. Vega is twenty-five light-years away. Sirius is eight. There are stars you can see from Oregon that are closer than TRAPPIST-1. But none of them have seven planets we can catalog. None of them have made us draw those artist renderings and wonder.
I thought about what it would take to get there. A conventional spacecraft would need a very long time. Even the closest exoplanet is a near impossibility. The far ones are dreams. I did not know about exoplanets when I was learning the sky. The first one was discovered in 1995, the year I was seven years old, and I did not hear about it until decades later.
The Science
The science of this is modern. Michel Mayor and Didier Queloz, working at an observatory in France, detected a planet orbiting 51 Pegasi in 1995. They used the radial velocity method (watching the star wobble as the planet's gravity tugged it back and forth). The planet they found was a hot Jupiter, a gas giant orbiting closer to its star than Mercury does to ours. It was not a place anyone would live. But it was a planet around another star, and that changed everything. Mayor and Queloz won the Nobel Prize in Physics in 2019, twenty-four years after the discovery.
Before 1995, exoplanets were theoretical. Star Trek had them. Science did not know if they were real. Planets were too small and too dim to see at those distances. So astronomers had to build sensitive equipment. Big telescopes. Long exposures. Ways to collect enough light to notice a wobble.
For two decades, the radial velocity method dominated, and it biased what we found. A massive planet close to its star tugs hard. You can see the wobble. But a small planet, something Earth-sized, barely moves its star at all. It was nearly impossible to detect. That was the state of things (big planets close to bright stars). A skewed sample that made our Solar System look like the odd one out.
Then they refined the method. Instead of watching the star move, they watched the star dim. If a planet crosses in front of its star from our line of sight, the starlight drops by a tiny fraction. A shadow passing across a light bulb seen from miles away. That is the transit method. It opened the door to smaller worlds.
NASA's Kepler mission, launched in 2009, stared at a single patch of sky and found thousands of planets this way. Most were too distant to study in detail. But the method worked. Then the TRAPPIST telescope at La Silla, in Chile, turned its attention to nearby ultra-cool dwarfs (dim stars that would not overwhelm their planets' signals). It watched TRAPPIST-1 and saw the pattern repeat. Seven dips. Seven planets. Some Earth-sized. Some in the right zone for liquid water.
The Star and the Zone
The star itself is the key to why this works. TRAPPIST-1 is an ultra-cool red dwarf (spectral type M8V). It is barely bigger than Jupiter in diameter. Cooler than the Sun. Dim. Because it is so faint, its habitable zone is not out near Earth's orbit. It is in close. The planets huddle near the star like campers around a small fire. Their orbits are tighter than Mercury's. Years last days. But because the fire is low, the warmth is right.
Astronomers designate the planets b, c, d, e, f, g, and h. Three of them, e, f, and g, orbit at distances where water might stay liquid on the surface. That is the Goldilocks zone. Not too hot, not too cold. The zone is narrow. Earth sits in it. So might these worlds.
Because the planets orbit so close to their star, they are likely tidally locked. One side always faces the star. One side always faces away. If there is an atmosphere, it might circulate heat from the day side to the night side, creating a temperate ring at the terminator where life could exist. If there is no atmosphere, the day side scorches and the night side freezes. We do not yet know which is true. The James Webb Space Telescope, launched in 2021, now observes these planets during transits, analyzing starlight that filters through their atmospheres to detect oxygen, methane, water vapor (the chemistry that might betray life). But in March 2017, when a friend and I talked about it, all of that was still ahead. We knew about the seven planets. We did not yet know what their air was made of, or whether any of them were truly warm and wet.
The Shift in Astronomy
When I was in college, I heard that most of the research funding in astronomy had shifted toward the search for exoplanets. It made sense. For centuries we mapped our own Solar System and wondered if we were alone. Now we had the tools to answer that question, or at least to ask it properly. By 2017 the count was already in the thousands. Today, astronomers have confirmed more than five thousand exoplanets. The field has gone from fringe speculation to the central project of observational astronomy.
I have never pointed my telescope at the coordinates for TRAPPIST-1. There would be no point. The star is too dim. The planets are invisible. I would see nothing but the familiar faint stars of Aquarius. I would have to trust that one of them was not what it seemed (that a whole system of worlds was hiding in the glare, too small and too dark to resolve).
This is the return, for this chapter. Not an eyepiece view. Not a photograph. Just the telescope aimed at the right spot, seeing nothing, knowing something. It is a strange indirect observation. Older astronomy rested on what the eye could verify. You saw a star, you named it, you tracked it. This is different. We know TRAPPIST-1 is there because a machine measured a shadow. We know it has seven planets because a graph dipped seven times. The observation is real. It is just not visual.
I find that both exciting and slightly lonely. I can point to Andromeda and say I have seen that smudge. I can show you a photograph I took. But TRAPPIST-1 lives in data. It lives in the space between what we can see and what we can prove. That gap is where astronomy is heading. More and more, the sky will be full of objects we know but cannot show.
I bet there are more. I imagine there must be a lot more. If we found one system like this, and we are here, then the numbers suggest the galaxy is full of them. Thousands. Millions. Most of them invisible. Most of them waiting for a telescope to stare long enough at the right patch of sky.
That is the shift. When I was learning astronomy, the question was how many planets were in our Solar System. Now the question is how many could support something we would recognize as life. The answer is no longer a number we can count on our fingers. It is: we do not know yet, but we are learning. And every time a star dims by a fraction of a percent, we get a little closer to finding out.
Chapter 22: The Stargazing Kit: Telescope, Binoculars, and Camera
The First Telescope
I have a terrible telescope. A terrible kids telescope from the 90s. It is small, plastic, wobbly on its tripod, and the finder scope barely aligns with the main tube. I have had it since I was a child.
I have never upgraded it. And somehow, it has been enough. The first time I saw Saturn's rings through it, I could not believe what I was looking at. The planet was tiny (a pale dot with a thin line around it, like a drawing in a textbook), but the line was real.
It was tilted. It was there. I knew, intellectually, that Saturn had rings. Seeing them was different.
The telescope was bad. The view was fuzzy, dim, and unstable. But it was unmistakable. That was the moment that hooked me.
Not a photograph from a space probe. Not a documentary. A fuzzy dot with a line through it, seen from my own backyard, through a piece of plastic made in the nineties. I still have that telescope.
I still use it. It shows me Jupiter's moons as four points of light in a line. It shows me the crescent of Venus. It shows me craters on the Moon, though not well.
It does not show me Jupiter's banding. It does not show me texture in Saturn's rings. It shows me that those things exist, which is enough to keep me outside, night after night, pointing it at the same objects I have been looking at since I was a child.
Binoculars and Aperture
For a long time, aperture was just a word I had read. I knew my telescope was small. I did not know why that mattered, beyond the obvious fact that small things are weaker than big things. Then I started reading about telescopes, and I learned that the width of the opening, the aperture, determines how much light the telescope can collect.
The wider that aperture gets, the more light you are going to be able to collect. And more light means more detail. With a six-inch telescope, Jupiter stops being a disk and starts being a planet. You see the banding (the equatorial stripes, the Great Red Spot if you are lucky and the timing is right).
With an eight-inch, Saturn's rings show texture. You see the Cassini Division, the gap between the A and B rings. With a ten-inch, the moons of Jupiter are not just points. They are disks.
You can see Ganymede's shadow crossing the planet's face during a transit. I saw this for myself at an observatory. They had a ten-inch Dobsonian (a Newtonian reflector on a simple alt-azimuth mount). John Dobson popularized this design in the nineteen-sixties by building large mirrors from discarded porthole glass and mounting them on cheap plywood. Dobson wanted ordinary people to see the sky through big telescopes, and he made it possible by keeping the design simple.
The one I looked through was professionally made, but the principle was the same. A big mirror at the bottom, a flat secondary mirror at the top, and an eyepiece on the side. I saw Jupiter's bands that night. I saw Saturn's rings with texture I had never seen before.
I understood, in a way I had not before, what aperture does. They also had a twenty-four-inch professional telescope in a dome, electronically controlled, tracking the sky with motors. I looked through that too. The difference was not just more light.
It was stability. The image did not shake. It did not drift. It sat there, sharp and bright, while I studied it.
That is what professional equipment buys you. Not just photons. Time.
The Camping Telescope
My current telescope is what I call a camping telescope. It is a little toy telescope (the same terrible one from the nineties, or something close to it). The appeal is that I can throw it back in the truck and go. I do not need a dome.
I do not need a power source. I do not need to align a mount or wait for cooldown. I set it up in five minutes, point it at Jupiter, and I am looking. The trade-off is everything I described in the last section.
I see Jupiter's moons, but not Jupiter's weather. I see Saturn's rings, but not Saturn's texture. I see the Moon's craters, but not the rilles and ridges inside them. The telescope is portable, and portability costs you light.
I want to upgrade. I have wanted to upgrade for years. I look at six-inch refractors (what I call 'refractors' when I am talking fast), and I imagine the clarity of a lens-based system. I imagine the sharpness of a good refractor on the Moon and planets. I look at ten-inch Dobsonians and I imagine the light-gathering power, the detail on Jupiter, the nebulae that would appear instead of staying invisible.
I want something I can do that with. Something I can throw in the truck that is also powerful enough to show me what I am missing. I have not bought one yet. The cheap telescope works.
That is the problem. It works just well enough that I keep using it, and every time I use it, I think: this is fine. And then I go to the observatory, or I see a photograph taken through a fourteen-inch scope, and I think: this is not fine. I am missing almost everything.
Binoculars in the Field
For a lot of observation, I use binoculars. 10x40 binoculars. Nothing special. Ten times magnification, forty-millimeter objective lenses.
They fit in a case. They do not need alignment. They do not need cooldown. You lift them to your eyes and you are looking.
They are limited, of course. Ten times is not enough to split close double stars. It is not enough to see Saturn's rings as rings, Saturn looks like a tiny golden ball, slightly elongated, but you would not know it has rings unless you already knew. The field of view is wide, which is good for scanning the Milky Way or finding a comet, but the shake is real.
At ten times magnification, your heartbeat moves the image. You either brace your elbows or you lean against something. I used them for Comet NEOWISE in 2020. The comet was bright enough that binoculars were the right tool (wide field, easy to find, no setup).
I set them on a tripod when I wanted a steady view. I also used a camera with a wide-angle lens, but the binoculars were what I reached for first. They are the simplest way to see more than your eyes can see. Not a lot more.
Just enough.
The Camera
My camera is a Nikon D7000. It is an older DSLR, a crop-sensor body that Nikon released in 2010. It is not designed for astronomy. It does not have a cooled sensor or specialized software.
But it works. For the 2017 eclipse, I set it on a tripod with a solar filter and used the interval timer to take photographs every few minutes. I also had a video camera running, and a few handheld cameras for wider shots. The D7000 was the main instrument.
It captured the partial phases, the diamond ring, the corona. The filter was essential. Without it, the sensor would have been destroyed in a fraction of a second. With it, I got images I still look at.
For night sky photography, the technique is different. You need a dark site, a wide-angle lens, and a willingness to push the camera to its limits. I use the eighteen-to-fifty-five millimeter kit lens for general shots, and a ten-millimeter wide-angle for the Milky Way. The ten-millimeter is the one that lets me capture the whole band in a single frame, curving from Scorpio to Cassiopeia.
The exposure is the tricky part. The Earth rotates. If you leave the shutter open too long, the stars streak. There is a rule, the 500 rule, that gives you a rough maximum exposure time.
Five hundred divided by your focal length. With a ten-millimeter lens on a crop-sensor camera, that gives you about thirty seconds. With the kit lens at eighteen millimeters, about twenty seconds. At thirty millimeters, closer to fifteen.
These are approximations. The actual limit depends on where you are pointing (near the celestial equator, stars move faster; near the pole, they move slower). I shoot at high ISO (thirty-two hundred, sometimes sixty-four hundred). Modern cameras can push much higher, which means shorter exposures and less trailing. But the principle is the same. Collect as much light as you can in the time you have, and accept the noise.
For deep sky objects, nebulae, galaxies, star clusters, a single exposure is not enough. The object is too dim. The sensor noise overwhelms the signal. The solution is stacking.
You take twenty, fifty, a hundred exposures of the same field, each one short enough to keep the stars round, and then you combine them in software. The signal, the actual light from the nebula, adds up. The noise, random fluctuations in the sensor, averages out. What you get is an image that looks like a long exposure but without the trailing.
I have done this a few times. It works. It is also tedious.
White balance is another adjustment. The night sky is not black. It is dark blue, or green, or gray, depending on light pollution and airglow. If you leave the camera on automatic white balance, the sky comes out brown or orange.
I push toward blue, cooler, in the language of photography, until the sky looks natural. Not the black of space, but the dark of night.
What I Use Now
The return, for this chapter, is the same telescope I started with. The terrible one. The plastic one. The one that showed me Saturn's rings when I was a child and still shows them now, twenty years later, fuzzier than I remember but no less real.
I have looked through a ten-inch Dobsonian at an observatory. I have looked through a twenty-four-inch professional telescope in a dome. I have photographed the Milky Way with a digital camera and stacked a hundred exposures of the Andromeda Galaxy. And I still go back to the cheap telescope, the binoculars, the naked eye.
Not because they are better. Because they are enough. Because whatever gets me outside is the right tool. It gets way more fun when you get a better telescope.
That is true. I am not going to pretend that a ten-inch Dobsonian is not better than a toy from the nineties. It is enormously better. It shows you things that change how you understand the Solar System.
But the fun starts with whatever you have. The fun starts with seeing Saturn's rings for the first time, if they are fuzzy. If the telescope is terrible. Especially then.
I want to upgrade every year. I look at six-inch refractors and ten-inch Dobsonians and I imagine what I would see. And then I go outside with what I have. I point it at Jupiter. I see the four moons in a line. I still carry the memory that this is the same view Galileo had. Not through better equipment.
Through patience. Through looking night after night until the pattern made sense. That is the kit. Not the equipment.
The decision to keep looking, year after year, with whatever is at hand. The telescope is a tool. The binoculars are a tool. The camera is a tool.
What they have in common is that they get me outside, looking up, waiting for my eyes to adjust, remembering that the sky is full of things I have not seen yet. The best piece of equipment I own is the one I use. And the one I use is the terrible one. That might be a failure of ambition or a success of habit. I am not sure which. But I know which one keeps me outside.
Chapter 23: Astrophotography for Beginners: Camera, Settings, and the Night Sky
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The eye and the camera do not see the same sky. The eye refreshes itself constantly, adapts to darkness over thirty minutes, perceives color poorly at night. It sees the Milky Way as a faint gray band, Andromeda as a fuzzy smudge, Saturn as a pale dot.
The camera, left open for twenty seconds, accumulates light the eye cannot hold. It reveals the Milky Way as a river of green and rose, Andromeda's spiral structure, Saturn's rings as more than a line. At first I assumed photography would record what I saw.
It does not. It reveals what I cannot see. The camera is a different instrument, with different limitations and different strengths. I am still learning where one ends and the other begins.
The 500 Rule
The first problem of night sky photography is the Earth's rotation. Leave the shutter open too long and the stars streak. The stars are not moving; we are. But in a photograph, motion is motion regardless of who moves.
There is a rule I use. Five hundred divided by your focal length gives you the maximum number of seconds before the stars start to trail. A twenty-four millimeter lens on a full-frame camera gives you about twenty seconds. Five hundred divided by twenty-four is twenty point eight.
That is the math. The practice is messier. Declination matters. Pixel size matters.
But the rule works well enough for a first attempt. I have tested this with different lenses. I tried a fifty millimeter and a thirty-five millimeter on a camping trip a few years ago, just messing around with the camera after I got my D7000. There was blur no matter what.
You cannot get away without it at those focal lengths. The field of view is too narrow, the magnification too high. The stars cross too many pixels in twenty seconds. What works is wide angle.
I have an eighteen-to-fifty-five millimeter kit lens. At eighteen millimeters, wide open at f/3.5, I can get about twenty-two seconds before trailing starts. I also have a ten-millimeter wide-angle lens that lets me push to thirty seconds or more. And I have a twenty-eight millimeter f/2.8 that works nicely (wide enough to keep the stars sharp, fast enough to collect good light).
A friend had heard about a fourteen millimeter Rokinon (a real cheap one, around three hundred and fifty dollars), that should work well for this. I have not bought one yet. The kit lens and the twenty-eight have been enough.
Focus in the Dark
Autofocus is useless at night. The lens hunts back and forth, searching for contrast that is not there. I have watched it rack from infinity to minimum focus and back again, never settling, never finding anything to grab onto. The only solution is manual focus.
My technique is simple. I rack the focus ring all the way to infinity, then back it off slightly. Just a hair. Infinity on most lenses is not at the hard stop; it is slightly before it.
If you go all the way to the stop, the stars blur. If you back off a millimeter or two, they sharpen. I check by taking a test shot, zooming in on the camera's screen, adjusting, testing again. It takes a few tries.
But once you set it, it stays set for the night. The exception is the eclipse. The Sun is bright enough that autofocus works, even through a filter. I used the interval timer on my Nikon D7000 during the 2017 eclipse, set it to take a photograph every few minutes, and let it run.
The camera tracked the partial phases, the diamond ring, the corona. For totality, I removed the filter and shot manually. The autofocus struggled with the corona's diffuse light, but by then I had enough time to adjust.
Light and Balance
Modern cameras can push ISO to levels that were impossible a decade ago. I shoot at thirty-two hundred, sometimes sixty-four hundred. The D7000 handles it better than I expected for a camera its age. The noise is there, grain in the dark areas, color speckles, but it is manageable.
And the trade-off is worth it. High ISO means short exposures. Short exposures mean less trailing. Less trailing means sharper stars.
The white balance is another adjustment. Daylight white balance, what the camera defaults to, is too warm for the night sky. It comes out orange or purple, the color of sodium streetlights and light pollution. What I do is push the color temperature toward blue.
Cooler. Not the black of space, but the dark blue of actual night. The camera records what is there. The white balance interprets it.
I want the interpretation to match what I remember, not what the camera assumes. The images need editing. That is the truth. They come out of the camera flat, noisy, off-color.
Photoshop Elements would do fine, or Lightroom if you have it. Whatever you can use to process the image. I push the white balance, adjust the contrast, reduce the noise where I can. It is not cheating.
It is correcting what the camera recorded.
Four Photographs
I have four photographs in mind when I think about what the camera can do that the eye cannot.
Andromeda. I photographed it with a couple seconds of exposure. That is all it took. A couple seconds on a tripod, wide angle, pointed at the fuzzy smudge just north of Pegasus.
The photograph showed more than I could see. The central bulge was brighter than the edges. The spiral suggestion was barely there but present.
The Milky Way. Eastern Oregon, past the Cascades where the sky is dark enough to show color. I used the ten-millimeter lens, twenty-five seconds, ISO sixty-four hundred. The photograph showed the whole band, from Scorpio in the south to Cassiopeia in the north, curving overhead.
The dark dust lanes were visible as gaps, not empty space but material in the way.
The Eclipse. August 2017. I set up the D7000 on a tripod with a solar filter, the interval timer clicking away every few minutes. The partial phases were methodical, predictable. Totality was not. When the filter came off, the corona appeared, and the camera caught it (a ring of white light, rays extending outward, Venus and Sirius visible in the same frame).
Comet NEOWISE. August 2020.
The comet was below the Big Dipper, visible from the backyard but better from Eastern Oregon. I set the wide-angle camera on a tripod, focused manually, and exposed for fifteen seconds. The comet's tail stretched across the frame. The photograph showed not just the bright nucleus the eye saw. It showed the full extent of the dust and ion tails, the green coma, the trajectory that would carry it away from us and back into the dark.
The four photographs described, Andromeda (ns-18), Milky Way (ns-1), the eclipse (ns-7), and Comet NEOWISE (ns-16)
Stacking and Patience
A single exposure has limits. The sensor noise overwhelms the faint signal. The solution is stacking (taking twenty, fifty, a hundred exposures of the same field and combining them). The signal, the actual light from the nebula or galaxy, adds up linearly.
The noise, random fluctuations in the sensor, averages out. What you get is an image that looks like a long exposure but without the star trails. I know the concept. I have done it a few times.
What I do not know is the software well enough to make it easy. DeepSkyStacker, Sequator, PixInsight (these are the tools, and they are powerful, but they are also tedious). Aligning the frames, rejecting the bad ones, adjusting the parameters. The photography becomes its own project, separate from the observation.
Sometimes I want that. Sometimes I just want to look.
What I Keep
I use both the camera and my eyes. I observe with the telescope, then I set up the camera. I watch Saturn's rings in real time, then I photograph them to see what the sensor catches that I missed.
I trace the Milky Way with my eyes, then I leave the shutter open and see what accumulates. Neither replaces the other. They do different jobs. The best photograph I have taken is not the sharpest or the most processed.
It is the one that reminds me most clearly of what I was looking at when I took it. The camera does not capture feeling. It captures light. And sometimes the light is enough to bring back the place, the time, the temperature, the sound of the truck engine cooling in the dark.
That is what I use it for. Not to replace the observation. To remember it.
Chapter 24: Dark Sky Camping: Hart Mountain and the Art of Getting Away From Light
[image: The arch of the galaxy over the towns' glow]PB-07: The arch of the galaxy over the towns' glowThe Backyard
I do most of my observing from my backyard in Western Oregon. It is convenient. I walk outside, I look up, I see what I can see. But it is not good.
At two or three hundred feet above sea level, there is haze most nights, a thin film of moisture and particulate that sits in the valley even when the sky above is clear. And there is light pollution from towns in every direction. Eugene to the south. Salem to the north.
Portland further north. The smaller towns in between, their glow merging into a single dome of orange-gray that never fully disappears. From my backyard, the Milky Way is a faint suggestion, a gray smear overhead that I know is there because I have seen it in photographs. Mars is a red dot.
Saturn is a yellow dot. Jupiter is a bright white dot. They do not cast shadows. They do not silhouette ridges.
When Comet NEOWISE came through in the summer of 2020, I could barely find it from my backyard. It was a fuzzy smudge at best, swallowed by the glow on the horizon. I knew it should have a tail. I could not see it.
I knew it should be the best comet in years. From my backyard it was a rumor. This is the compromise of easy observation. I do not have to drive.
I do not have to pack. I do not have to plan. But I also do not get to see what is there. I get to see what the sky looks like through the filter of my latitude, my elevation, and my neighbors' porch lights.
[image: Crepuscular rays over the high desert at dusk]NS-20: Crepuscular rays over the high desert at duskThe Drive
Over Memorial Day weekend in 2016, I drove to Hart Mountain. It is in southeastern Oregon, near the Nevada border, in the national antelope refuge. The drive takes hours. Pavement gives way to gravel, gravel gives way to dirt, and then you are on a plateau with nothing in any direction.
No fences. No power lines. No light on the horizon except the one you drove past an hour ago. It felt like I was a hundred miles from a real town, or a real light source, in every direction.
The only light I could see was from French Glen, eighty or ninety miles away, and that was everything. That single glow on the horizon was the sum of human light in my field of view. It did not illuminate anything. It just sat there, a faint reminder that somewhere out past the edge of the dark, there were buildings and streets and people who were not looking up.
Dispersed camping means no facilities. No neighbors. No campfire smoke drifting from the next site over. You park where you can, you set up where the ground is level, and you wait for dark.
The truck was my base. I had a telescope with me, the kind I could throw in the back and not worry about. It was cold. It was quiet.
The deep quiet that makes you aware of your own breathing and the ticking of the truck engine as it cooled.
[image: The tent under star trails]NS-5: The tent under star trailsThe Site
Mars was at its brightest point in retrograde that night. I had been tracking it for weeks as it moved backward through Scorpio, and from Hart Mountain it did not look like a planet at all. It looked like a beacon. It was burning.
The color was so saturated it seemed to throw light against the ridge behind me. I had never seen it like that from my backyard. From home it was a point of light with a tint. From Hart Mountain it was a presence.
We also saw the International Space Station pass overhead (the brightest and longest I had ever seen it, moving from southwest to northeast). Later that night we caught satellite flares, brief flashes as solar panels caught the last of the Sun. The difference is not just darkness. It is what darkness lets your eyes do.
At home my pupils never fully adapt. There is always a porch light, a passing car, the glow of a phone screen, the reflection off the side of the house. The human eye takes thirty to forty minutes to reach full dark adaptation. The chemical rhodopsin builds up in the rod cells slowly, and every exposure to bright light resets the process.
Out there, after an hour without looking at any light source, my eyes changed. The sky opened up in layers. The Milky Way was not a suggestion. It was a river.
It had texture. I could see the dark lanes running through it, the dust clouds that split the band. I understood for the first time why people call it a backbone, a path, a river. It is not metaphor.
It is structure. The dark reveals the structure that the light hides. I thought about how many generations of people had seen Mars that bright from that same plateau. The Paiute, the settlers, the ranchers.
Same sky. Same darkness. Same red light moving backward through the stars.
[image: Camp under a dark sky, two streaks cross the frame]NS-11: Camp under a dark sky, two streaks cross the frameThe River
In August 2020 I drove out again, this time to the John Day River in northeastern Oregon. I was looking for Comet NEOWISE. I found a dispersed campsite on public land, down a gravel backroad, far enough from any substantial town that I did not see another person for hours. The landscape was rolling grass hills and carved canyons, tan rim rock and green river bottom.
It looked like Canyonlands in miniature. One SUV with fishermen passed at a bend in the river a couple miles up, and then there was no one. I set up my camera on a tripod and waited until about ten-thirty for real dark. The comet was just below the Big Dipper, and from that dark site it was not the faint whisper I had seen from town.
It was a big whisper in the sky. It stretched a couple of inches across my field of view, and in the dark I could almost make out a second tail, fainter and more diffuse, running alongside the main one. From my backyard it had been invisible. From the John Day River it was the brightest object in the northwest.
I stayed out until one or two in the morning, watching it dip below the horizon, and I photographed it against the hillside as the Dipper scooped low behind it. The camera saw more than my eyes could hold. Which is why I bring it.
[image: The light dome of the valley towns, the sky you drive away from]NS-4: The light dome of the valley towns, the sky you drive away fromTwo Oregons
The difference between Eastern and Western Oregon is not a subtle thing. It is immediate. In the Willamette Valley, even on a clear night, there is haze. The atmosphere at low elevation holds moisture and particulates, and the light from Eugene, from Salem, from Portland, from the smaller towns in between, reflects off that haze and scatters in every direction.
This is called skyglow. It is not the lights themselves that you see. It is the light reflected back down by the atmosphere, creating a dome of glow that never fully disappears. You do not notice it until you leave it.
Your eyes adjust to the compromised sky and you forget what the uncompromised sky looks like. The loss is not just aesthetic. It is informational. When the sky is brightened by artificial light, the faintest stars disappear first.
Not because they have changed, but because the contrast between them and the background has been reduced below the threshold of human vision. A sky that once showed fifteen thousand stars now shows six thousand, then three thousand, then one thousand. The faintest magnitude you can see drops from six to four to three. You are not seeing less of the sky.
You are seeing less of what is in it. The dome of light acts as a filter, and most people live under that filter their entire lives without knowing it exists. Eastern Oregon is different. The high desert sits at four, five, six thousand feet.
The air is thinner and drier. There is less moisture to scatter light. And the population density is so low that you can drive a hundred miles without seeing another house. The sky there is what the sky looks like without interference.
The same comet. The same Milky Way. The same Mars. But they are different objects in different skies.
The difference is not in them. It is in where you stand. The government established Hart Mountain National Antelope Refuge in 1936 to protect pronghorn antelope, but it protects something else now too: darkness. The John Day River valley, with its canyons and rim rock, has no cities, no industry, no major highways.
These are not dark by accident. They are dark because no one built anything there. The darkness is a product of absence, and that absence is rare. On the Bortle scale, which measures sky brightness from one to nine, the Willamette Valley is a five or six.
Hart Mountain is a two. The difference between those numbers is the difference between seeing six thousand stars and seeing fifteen thousand. It is the difference between knowing the Milky Way is there and seeing that it has dust lanes. It is the difference between a red dot and a burning world.
[image: The summer Milky Way over a lake in the Cascades, Vega and Deneb bright near the center of the frame]NS-3: The summer Milky Way over a lake in the Cascades, Vega and Deneb bright near the center of the frameWhat It Costs
I always have to drive back. I pack the telescope, the camera, the tripod. I drive west on gravel until I hit pavement, and then I drop down out of the mountains into the haze again. The first streetlight I see feels like an intrusion.
By the time I am home the sky has shrunk back to its backyard size. Mars is a dot. The Milky Way is gone. NEOWISE was gone anyway by then, but I knew that if it had still been up, I would not have seen it.
I still want to get to Steens Mountain. I have heard it is even darker, even higher, with a richer Milky Way look. It is a fault-block mountain in the southeastern corner of the state, nearly ten thousand feet at its peak, surrounded by emptiness in every direction. I have not been yet.
It is on the list. Up on the Steens is great, or just anywhere in Eastern Oregon. You can get a good spot away from town, a hundred miles from another small town. That is the next place you can see light from.
Camping for astronomy is not comfortable. It is cold. It is inconvenient. It costs time and fuel and sleep.
You eat out of a cooler. You sleep on ground that is harder than you remembered. You wake up sore. But it is the only way I know to see the sky as it is.
The backyard is practice. The camp is the real thing. The drive is the price. I will keep paying it.
I will keep driving. There is always more sky than I have seen, and it is always darker somewhere further out.
Further Reading
These are the books and resources that shaped my understanding of the sky. They range from technical references to cultural histories. All of them are accessible to the serious amateur.
Astronomy and Observation
	Turn Left at Orion by Guy Consolmagno and Dan M. Davis. The standard field guide for telescope users. It tells you what to look for, when to look, and what you will actually see through the eyepiece (not what the photographs promise).
	NightWatch by Terence Dickinson. A practical guide for beginning stargazers, covering equipment, constellations, and the mechanics of the sky.
	The Backyard Astronomer's Guide by Terence Dickinson and Alan Dyer. A comprehensive reference for equipment, techniques, and deep-sky objects.

Astrophotography
	The Astrophotography Manual by Chris Woodhouse. A technical but readable guide to photographing the night sky, from basic Milky Way shots to deep-sky stacking.
	Astrophotography by Thierry Legault. Advanced techniques from one of the masters of the field.

Ancient and Cultural Astronomy
	*Science and Civilisation in China, Volume 3: Mathematics and the Sciences of the Heavens and the Earth* by Joseph Needham. The definitive English-language history of Chinese astronomy. Dense but indispensable for understanding the lunisolar calendar, the 28 mansions, and the gnomon.
	The Exact Sciences in Antiquity by Otto Neugebauer. A classic study of Babylonian and Egyptian mathematical astronomy.
	Maya Cosmos: Three Thousand Years on the Shaman's Path by David Freidel, Linda Schele, and Joy Parker. An accessible introduction to Mayan astronomy, cosmology, and the Venus cycle.
	Echoes of the Ancient Skies by E.C. Krupp. A survey of archaeoastronomy across cultures, from Stonehenge to Chaco Canyon.

The Solar System
	The Planets by Dava Sobel. A literary and scientific tour of the Solar System, organized by planet and rich with historical detail.
	Saturn and Beyond by Isaac Asimov. Dated in some details but still valuable for its clear explanation of orbital mechanics and planetary science.

Exoplanets and Deep Sky
	The Exoplanet Handbook by Michael Perryman. A technical reference, but the introduction and early chapters are readable and give a good sense of how the field developed.
	The Milky Way: An Insider's Guide by William H. Waller. A tour of our galaxy from the inside out, covering structure, history, and what we know about the galactic center.

Online Resources
	Sky & Telescope magazine (skyandtelescope.org). The monthly bible for amateur astronomers. Their observing guides, almanacs, and equipment reviews are consistently reliable.
	TimeAndDate.com. Accurate eclipse data, moon phases, and planetary positions for any location.
	Stellarium (stellarium.org). Free planetarium software that shows you the sky from any place, any time. I use it to plan observations and to identify objects I have already seen.

*End of manuscript*
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