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This book covers both solar and lunar eclipses, each of which offer unique experiences that instil awe and wonder.





INTRODUCTION


IN THE YEAR 528, a bewildered man was dragged in front of a royal court, suspected of being a sorcerer. The evidence? His unusual clothing and manner of speech. At the behest of his jealous mystic, the King passed summary judgement and sentenced the ill-fated stranger to death. Just before his execution (by burning at the stake) commenced on 21 June, a total solar eclipse brought darkness to the castle courtyard. The doomed man, one Hank Morgan, had foreknowledge that this would happen, and he used it to convince the King to spare his life. Indeed, by returning the Sun he gained great power and influence across the kingdom. How did Morgan know the eclipse would occur? He had travelled from the future.


So wrote Mark Twain in his 1889 novel A Connecticut Yankee in King Arthur’s Court, in which an American engineer, who wakes in Arthurian England after a blow to the head, outwits the fraudulent magician Merlin to become King Arthur’s right-hand man. As it happens, no eclipse occurred on that date, but it’s not implausible that a person in Morgan’s position could win favour by predicting one. The story itself was probably inspired by true events, which occurred almost four centuries before Twain wrote it (and almost a millennium after it was set). In 1504, stranded for more than six months on the island now known as Jamaica, Christopher Columbus faced straining tensions with the indigenous Arawak people. Armed with an almanac, he spun a story to the natives, declaring that if they stopped provisioning the crew, God would show his displeasure and make the moonrise of 29 February appear, to quote his son Ferdinand, ‘inflamed with wrath’. The total lunar eclipse Columbus knew would occur struck fear into the hearts of the Arawak, who vowed to continue helping him. Carefully timing the eclipse from in his tent, he finally announced God’s forgiveness shortly before it subsided, and as a result, he and his crew survived until their rescue five months later.


It’s hard to imagine anyone being duped by this kind of gambit today, and that’s a testament to our centuries-long march of science and education. As our collective understanding of eclipses has grown, so too has our appreciation. Events that once fuelled superstition or instilled terror now feed wonder and invite admiration. We don’t cower at the unexpected behaviour of the Moon or Sun. We calculate it, predict it and even chase it. Lunar and solar events offer opportunities to be thrilled at home and abroad; to contemplate; to explore our own existence as small but significant observers of a grand celestial clockwork. Granted, much of the charming mystery of eclipses has been swept away over time, but their awesome power to astound is untarnished. Our experiences are enhanced by the inherited knowledge of generations of astronomers. There are intricacies and subtleties that you can look for yourself, which reveal unseen details about our home planet and its vital star. There are also new ways to witness, by eye or using a camera, and it’s never been easier to produce your own stunning images.


So it is that we, the authors, offer you this guide with the hope that it will inspire you to seek out and make the most of the eclipse opportunities that come your way. We’ve filled it with our collective eclipse-chasing experience, as well as advice and curiosities, both historical and contemporary. May it serve you well. We wish you fair skies on your adventures!


‘Lunar and solar events offer opportunities to . . . explore our own existence as small but significant observers of a grand celestial clockwork.’





One



ECLIPSES THROUGH HISTORY
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WE ARE ALL creatures of the time in which we live, and though there are many universal aspects of the human experience that we share with our distant ancestors, it would be unwise to assume that we can fully comprehend how they perceived the natural world. In our age, we are able to predict the intricate dance of the Sun, Moon and stars thousands of years into the future with astonishing accuracy. We are so immersed in this body of wisdom that it has permeated our popular culture, and we are raised with a broad understanding of virtually every domain of science, even if we don’t take a special interest in them. The chances are that you picked up this book with some prior knowledge of eclipses, and that you are awed by them rather than scared of them.


The list of inscrutable phenomena hasn’t necessarily grown shorter since prehistory, but it has changed drastically. Quantum events and the evolution of galaxies – problems for today’s best and brightest to investigate – didn’t trouble the minds of ancient people. Rather, they focused on the world they could see, and its cyclical and recurrent nature. They found both providence and danger all around them, as seasons and stars arrived, departed and returned again. Occasionally, an unexpected occurrence broke the pattern, such as the sudden darkening of the Sun or the blood-red disfiguration of the Moon.


That these happenings captivated and terrified our forebearers from prehistory is a given. But for every rich tapestry of myths and beliefs, there is also a story of early scientific investigation that illuminates the struggle our ancestors faced in trying to understand their place in the cosmos. As time went by, the perseverance of human ingenuity prevailed then as it does today, and we see the understanding of eclipses transform. What was once unfathomable is now a veritable scientific tool; what was once terrible is now beautiful.


‘In our age, we are able to predict the intricate dance of the Sun, Moon and stars thousands of years into the future with astonishing accuracy.’
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The Nebra Sky Disc is one of the oldest known artefacts depicting the night sky. The bronze disc originates from the Únětice culture in what is now Germany and is believed to have been made between 1800 and 1600 BCE. It includes representations of the crescent Moon, Full Moon (or Sun) and stars, including the Pleiades star cluster.



COSMIC DRAMA IN RECORDED HISTORY


Ample archaeological evidence supports the assumption that prehistoric people were acutely preoccupied with the sky, though their interpretations of it during this long span of time were undoubtedly explained entirely through supernatural and religious frameworks. Numerous examples of rock art, cave paintings and burial sites are adorned with symbols that represent celestial objects, and in some cases we might be tempted to declare that comets, meteors, auroras and eclipses have been recorded. For early humans, living in a world where survival depended on understanding natural patterns, the appearance of a strange object or sudden failure of the Sun or Moon would have been profoundly disturbing. However, impressions related to the sky may be more abstract than accurate, so we must be careful when speculating about them.
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At Lascaux in France, cave paintings believed to be at least 17,000 years old appear to depict the Hyades and Pleiades star clusters in an early version of what would become the constellation Taurus, the Bull.
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Concentric markings carved into a standing stone in Cairn L could be a crude illustration of a solar eclipse in 3340 BCE.





Once we reach the age of recorded history, the fog begins to clear. Ireland is home to possibly the earliest known attempt to document an eclipse. It has been suggested that a carving in stone at Loughcrew Cairn L, near Oldcastle in County Meath, known as Petroglyph C16, depicts a solar eclipse visible at the site in 3340 BCE. Irish archeoastronomer Paul Griffin was the first to tie the carving to the event which suggests that the island’s native people have long been fascinated with the sky. Multiple experts have speculated that the carvings in Cairn L are of astronomical significance, and the concentric circles may have held particular significance for ritual practices. Charred remains of many individuals have been discovered directly in front of the carvings – perhaps Neolithic priests interpreted the eclipse as a blessing for the location.


Before standing stones were used as potential canvases for eclipse carvings, Chinese court astronomers kept meticulous records of eclipse observations as early as the 2nd millennium BCE. Chinese mythology, as with so much of the natural world, contextualized eclipses through the actions of dragons – in this case, the cosmic drama of celestial dragons devouring the Sun or Moon. From this superstition grew a sophisticated system of political determinism, in which eclipses served as omens affecting imperial legitimacy. The emperor, as the Son of Heaven, was responsible for cosmic harmony, and eclipses indicated a disturbance in the natural order that required ritual intervention. During eclipses, astronomers beat drums and gongs to frighten away the dragons, a practice that persisted for millennia.
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Babylonian royal astronomers maintained first-rate astronomical records, and made impressive predictions, which they stored on clay cuneiform tablets like this table of lunar eclipses spanning the 5th century BCE.





In Mesopotamia, the Babylonians (2000–1600 BCE) developed some of the most advanced early astronomical knowledge alongside their rich mythological framework. Arguably, their records of celestial events set the highest standard of the era and are still used in research today. The Babylonians associated eclipses with the gods’ displeasure, viewing them as portents of political upheaval, warfare or the deaths of kings. The Babylonian creation myth, the Enuma Elish, describes cosmic battles between primordial forces, and eclipses were considered to be echoes of these eternal conflicts. Yet within the constraints of these myths, Babylonian astronomers began to develop prototype mathematical models to predict eclipses, resulting in the earliest known form of celestial mechanics.



EGYPTIAN AND NEAR EASTERN PERSPECTIVES: DEITIES IN PERIL


To a significant extent, ancient Egyptian civilization (3100–30 BCE) was centred on the worship of Ra, the Sun god, and his devout followers viewed solar eclipses as particularly ominous events. In Egyptian mythology, eclipses occurred when the serpent Apep temporarily succeeded in swallowing Ra during his daily journey across the sky. This tale of dread reflects deeper anxieties about cosmic order, since Ra’s daily resurrection represented the triumph of life over death and order over chaos. Solar eclipses thus symbolized a temporary invasion of primordial chaos, requiring priests to perform protective rituals to ensure Ra’s eventual return.


The Egyptians were captivated by skyward phenomena, but the records they left behind contain scant clues about their understanding of eclipses. They did, however, leave a lasting legacy in astronomy. Observances of the sky played a role in their agricultural success, and they organized the calendar accordingly. They advanced a 365-day solar calendar anchored to the heliacal rising of the star Sirius, observed the phases of the Moon and maintained a religious lunar calendar. The Egyptians also used stars for timekeeping. However, the mathematics of eclipses and planetary circumstances seem to have been of little relative importance.
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Travelling on his barge through the underworld (across the sky) Ra is protected by Set (a storm god), who spears Apep who is in serpent form. If Apep wins and consumes Ra, the Sun will be eclipsed.
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In Hindu astrology, Rahu and Ketu signify the lunar nodes, where the Moon crosses the ecliptic and can produce eclipses.





Similar patterns of deities in peril emerged throughout the ancient Near East (3000–330 BCE). Persian Zoroastrianism painted eclipses as battles between Ahura Mazda, the god of light, and Angra Mainyu, the destructive spirit of darkness. Hindu traditions spoke of the demons Rahu and Ketu, who periodically devoured the Sun and Moon as cosmic punishment.


The similarities between the various stories and rituals across the ancient world’s great civilizations underscore a common reverence for the two most important objects in the sky – the Sun and Moon – along with the struggle to grapple with their occasionally inexplicable behaviour.



GREEK INNOVATION: FROM MYTH TO MATHEMATICS


The ancient Greeks gradually replaced purely mythological explanations in favour of the emerging field of natural philosophy. This crucial transition in eclipse thought was well documented. Early Greek poetry – particularly Homer’s epics, The Iliad and The Odyssey (8th century BCE) – treated eclipses as divine interventions, often associated with the anger of the gods, or with warnings of impending disaster. The sudden descent into darkness (if not metaphorical, then brought about by a solar eclipse) appears in The Odyssey as an omen of doom for Penelope’s suitors.


However, by the 6th century BCE, Greek philosophers were considering purely natural causes. Thales of Miletus (c. 624–c. 546 BCE), often regarded as the first Western philosopher, allegedly predicted a solar eclipse in 585 BCE that occurred during a battle between the Lydians and Medes, causing both armies to cease fighting in terror. Whether Thales genuinely predicted this eclipse remains a subject of debate, but the story illustrates the growing Greek interest in understanding celestial mechanics through reason rather than mythology.
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Solar eclipses are seldom good news in ancient stories. In Homer’s The Odyssey, an eclipse signals the return of Odysseus and the slaying of the suitors. The seer Theoclymenus ominously proclaims, ‘the Sun has been obliterated from the sky, and an unlucky darkness invades the world.’ The event is depicted in this 1812 painting by Thomas Degeorge.





Philosopher Anaxagoras of Clazomenae (c. 500–428 BCE) insisted that eclipses resulted from the alignment of celestial bodies rather than divine intervention. He suggested that lunar eclipses occurred when the Earth cast its shadow on the Moon, and solar eclipses occurred when the Moon obscured the Sun. His insight, dating to around 430 BCE, was far reaching. Indeed, it is precisely correct. Fortunately, it did not go unnoticed.
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Did Thales of Miletus predict a solar eclipse? Greek historian Herodotus claimed he did, but his account was written about 150 years after the event. If the story is true, it is one of the most remarkable scientific predictions in the ancient world.





The scientist and philosopher Aristotle (384–322 BCE) was influenced by Anaxagoras, further developing his forerunner’s ideas and using eclipse observations to argue for the Earth’s spherical shape. He noted that its shadow on the Moon during lunar eclipses was always circular, regardless of timing, and therefore it demonstrated that Earth must be a sphere. It is an example of the sophisticated scientific inference for which the Greeks ultimately became known, and it illustrated the potential of indirect observation, which is commonplace in astronomy.
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Greek astronomers were fascinated by eclipses, which proved invaluable to their understanding of the wider cosmos. Here, a partial lunar eclipse can be seen over the Acropolis in Athens.






HELLENISTIC PRECISION


The Hellenistic period (323–31 BCE) saw the culmination of ancient progress in the works of astronomers such as Hipparchus and Ptolemy. In the 2nd century BCE, Hipparchus of Nicaea (c.190–120 BCE) developed one of antiquity’s most sophisticated eclipse prediction systems. He combined meticulous astronomical observations with early mathematical analysis to discover the fundamental periodic nature that governs lunar and solar eclipses. At the heart of his system was a cycle occurring on a period of approximately 18 years, 11 days and 8 hours (or 223 synodic months) during which the Sun, Moon and Earth return to nearly identical geometric configurations. This is now known as the Saros cycle.
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A romanticized Victorian impression of Hipparchus observing the stars at the observatory in Alexandria. There is no evidence he visited the city, but he did correspond with astronomers there. Later, Ptolemy lived and worked in the city while using data compiled by Hipparchus.





Hipparchus recognized that his eclipse cycle occurred due to the fact that 223 lunar months (the period between two identical lunar phases, or 29.5 days) are almost exactly as long as 242 draconic months (the time taken for the Moon to return to the same node where its orbit intersects the ecliptic plane, or 27.5 days). This coincidence meant that eclipses would recur at the same lunar nodes with similar characteristics. By carefully cataloguing eclipse observations from centuries of excellent Babylonian records, Hipparchus identified eclipses belonging to the same Saros series, allowing him to predict when future eclipses would occur by simply adding the Saros period to known eclipse dates. His system also incorporated the 19-year-long (235 lunar-month-long) Metonic cycle, which repeats when lunar phases recur at the same time of year. It was by far the most advanced approach to date, and it revealed the Moon’s complex orbital variations as never before. Hipparchus developed geometric models to calculate the timing, duration and magnitude of upcoming eclipses with remarkable precision. His approach represented a revolution in astronomy, connecting pure observation with mathematical precision. It allowed Hipparchus to describe eclipses decades or even centuries in advance, with an accuracy that wouldn’t be significantly improved until the development of modern orbital mechanics in the early 17th century, and it established him as one of history’s greatest computational astronomers.
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