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For Mary, forever.


And for Richard Lillis Goodrich, 1938–2022.











Eight things a comet always brings


Wind, Famine, Plague, and Death to Kings


War, Earthquakes, Floods, and Dire Things.


—OLD GERMAN RHYME


Nothing can be believed which is seen in a newspaper. Truth itself becomes suspicious by being put into that polluted vehicle.


—THOMAS JEFFERSON













Readers Note



COMET MADNESS IS BASED UPON NEWSPAPERS, MAGAZINE ARTICLES, AND books written in the late-nineteenth and early-twentieth centuries. The authors of these works were not always concerned about accurate spelling or grammar. Believing that quotations littered with sics are tedious for the reader, I have taken the liberty of correcting spelling errors and smoothing the syntax of quotations drawn from the primary sources. I have been extremely careful to ensure that my light emendations have left the sense of the quotations untouched. Occasionally, when I felt a quotation should appear in all of its ungrammatical glory, I have deployed sic to signal a deviation from twenty-first century usage.










Introduction



THE POSSE RACED SOUTH FROM THE TINY TOWN OF ALINE, OKLAHOMA. Seven horses galloped beneath the frosty stars, their hooves pulverizing the sunbaked soil. The animals slowed to ford the Cimarron River and then, with Alfalfa County Sheriff Hughes in the lead, resumed their frantic dash. Ahead, the soft edges of the Gloss Mountains eclipsed the low-hanging stars.


The riders turned into a dry canyon. Hughes waved his men forward, urged his horse to a final burst of speed. Figures circled a bonfire. Forty people—men, women, children, members of the Select Followers—had gathered in this lonely spot. Their leader, Henry Heinman, clutched a long butcher’s knife. The steel blade reflected firelight, an orange spike in his right hand.


That morning, Heinman had revealed God’s final message to his followers: the world would end when Halley’s tail touched the planet. The heavens and earth would roll up like a scroll. All life would be destroyed—unless . . .


Unless, imitating the rites premodern communities once employed to appease malevolent deities, Heinman and the faithful offered a propitiatory sacrifice to avert God’s wrath. The Select Followers cast lots; God chose sixteen-year-old Jane Warfield, a maiden of Aline.


And there she stood, centered among the dancers. A flowing white gown hung from her shoulders; white roses wreathed her head. A length of rough hemp rope secured her wrists behind her back, encouraging constancy.


She raised her chin. Heinman gripped the knife and stepped forward.


“Stop them,” shouted Sheriff Hughes, touching spurs to his winded horse’s sides.


And above the clearing, silver against the blackened sky, Halley’s Comet hung like a Paleolithic flint blade set against humanity’s throat.
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What a difference seventy-five years can make in the history of a nation.


In 1910, Halley’s Comet, the most famous celestial object in this corner of the universe, returned to the inner solar system. An observer, riding on the comet and peering at our planet through a high-powered telescope, would have been startled by the remarkable scientific and technological advances that had occurred since the comet’s previous visit. In 1835, humans still employed technology that wouldn’t have surprised a Roman; seventy-five years later, the world had grown unrecognizable.


The Wright brothers flew from Kitty Hawk; a transatlantic cable passed messages between the continents; electric bulbs lit the mansions of the wealthy; Henry Ford’s Model T automobile was displacing horsedrawn carriages on city streets. Theoretical science, which underpinned these technological marvels, had also advanced briskly: Gregor Mendel deduced the laws of genetics; Wilhelm Röntgen discovered X-rays; Albert Einstein published his theory of special relativity. The world’s thinkers made stunning leaps and laid the foundation for the worldaltering advances of the twentieth century.


Yet, despite the astonishing pace of scientific discovery and the demonstrable benefit of technological innovation, it took surprisingly little to drive some Americans back to the fears and superstitions of a prescientific world. When astronomers announced that the earth would fly through the comet’s tail—a tail that contained deadly cyanogen gas—many people succumbed to terror. For thousands of years, civilizations had regarded the comet as a portent, an omen of approaching disaster. The sudden flaring of a comet in the heavens signified the deaths of kings, the overthrow of nations, earthquakes, famines, and floods. Perhaps the comet would strike the earth, shattering the solid rock underfoot and destroying our home planet. Was it not possible, argued some, that the comet presaged the return of Christ and the end of God’s flawed creation?


Comet madness.


Astronomers attempted to allay the growing fears; Halley’s Comet was a regular visitor to the earth’s neighborhood, not a divine death sentence. Edmond Halley had demonstrated this two hundred years earlier. The comet had slipped past the earth many times without harming the planet. There was nothing to fear when the comet returned in 1910.


Many found these reassurances unconvincing. Despite seventy-five years of scientific progress—or possibly because this rapid growth had produced alienation, disorientation, and marginalization—skeptics rejected the assurances of the astronomers. Advanced thought contended with deep-seated dread. The thin ice of modernity glazed the darker waters of primordial superstition.


As the comet approached, newspapers and magazines stoked the terror. Disasters build reporters’ careers. Although scientists judged the approaching comet harmless, imaginative reporters and editors believed something could be made of it. They thrust a small story, one that should have been consigned to the Sunday science supplements, onto the front page. Armageddon loomed—maybe. Threatened terrors sparked real terror, creating fresh stories to report. Newspaper sales picked up as the publishers tapped the growing alarm their stories produced. The editors offered balanced coverage, placing the predictions of reputable scientists in parallel columns with the sensationalist prophecies of less-reputable thinkers. When cranks and crackpots failed to generate enough newsworthy content, reporters fabricated stories, suggesting a national panic and a world rapidly fraying along its seams.


The traditional charlatans—astrologers, mediums, psychics, ministers, and con artists—also exploited the nervous tension. They grew fat on unease, feeding on the gullibility of their neighbors. Diviners scrutinized the skies for destiny’s clues and foresaw floods, widespread destruction, and the toppling of nations. Preachers threatened their flocks with God’s approaching judgment. The comet, one of the Bible’s “stars of the sky” that fell upon the earth, signaled the return of Christ and the destruction of the present age.1 Con men marketed “comet pills,” tablets of unknown provenance that allegedly protected one from the toxic cyanogen gas. Hucksters offered “comet insurance” policies that promised to pay beneficiaries in the event of a comet-related death.


Comet madness marked the point at which rationality departed the room. The sober assessment of scientists, the repeated assurances of the world’s greatest astronomers failed to convince everyone. Many refused to believe that the comet offered no threat. They preferred the esoteric wisdom of the conspiracy theory. Scientists made mistakes and were no better at predicting the future than the publisher of a weather almanac that offered long-range forecasts based on astrology.


As the comet approached, some took their lives, preferring a self-inflicted death over the slow choking agony of the comet’s cyanogen tail. Others, as the final night arrived, huddled in their homes, seeing in the approaching comet the vision expressed by the author of the Apocalypse of John: “I saw, and behold, a pale horse, and its rider’s name was Death.”2












CHAPTER ONE Hairy Stars



Fear and Loathing in the Heavens







Long, long ago, when white men were still savages who dwelt in caves, patient stargazers in China and Chaldea studied the motions of this comet.


—EDWIN EMERSON, COMET LORE





FOR OUR ANCESTORS, THE HEAVENS REPRESENTED DIVINE STABILITY and regularity. The starry vault was the realm of perfection, a domain of certainty. There, trapped in nested crystalline spheres, the moon, sun, and stars circled the earth in eternal cycles, a celestial clockwork whose motion was both immutable and unending. The ancient astronomers—Babylonians, Greeks, Egyptians, and Chinese—tracked, recorded, and predicted stellar movements, serenely confident in the eternal round.


Compare that fixed perfection to life below the stars, on earth where existence was transitory, frequently brutish, and always unpredictable. War, pestilence, and chaotic upheaval ensured that nothing lasted forever. Tomorrow threatened today’s prosperity. Instability was the rule rather than the exception.


Some men understood this intuitively; great reverses schooled others. Croesus, king of Lydia, considered himself the happiest of all men. He ruled a stable kingdom, enjoying great riches and ample luxuries. When Solon of Athens visited, Croesus gave the famous wise man a palace tour, pointing out the overstuffed treasury rooms that certified his blessedness. “Surely I am the happiest man on earth,” said the king.


Solon laughed. “I cannot support that opinion until I hear that you have ended your life happily,” he replied. “For often God gives men a taste of happiness before plunging them into ruin.”1


A disgusted Croesus dismissed Solon. What did that man know about happiness? Months later, weighted with Persian chains, a captive of the great Cyrus, Croesus had ample opportunity to ponder the wise man’s words: “No one, while he lives, is happy.”2


The wise Solon understood what Croesus refused to consider: earthly life was fraught with peril and unexpected reverses; unanticipated disaster stalked good fortune. Invading soldiers harvested the crops that had greened the king’s spring fields. Misfortune waltzed with success, and no human could predict their partner when the music stopped.


The heavens, on the other hand, were fixed, stable. Spread across the vault of the sky, anchored above a frosty ether that no mortal action could disturb, constellations rotated slowly with the changing seasons, an unvarying clockwork advancing with grace and complete predictability. The sun, moon, and planets followed well-established tracks across the zodiac. Year after year, generation after generation, the heavens provided comfort to the nations, a symbol of the tranquil perfection lacking on earth.


But were the skies truly immune to change? At odd and variable times, a dim spot—a heavenly blemish—flared against the star field. The imperfection brightened, gaining prominence with each passing night. As the apparition approached the sun, it unfurled a tail. At peak size, this tail could stretch halfway across the night sky, a silver banner of fire towed by a flaming head. In the Greek world, women unbound their hair when mourning the dead. Noting the resemblance, the Greeks gave these celestial aberrations the name that has endured in the West: kometes, “hairy.”


Although the western world celebrates the prowess of the early Mediterranean peoples, the Chinese were the most sophisticated observers of astronomical phenomena in antiquity. They called comets hui xing, “broom stars,” a reference to the fact that the comet resembled a peasant’s broom trailing a long tail of cosmic straw.


Centuries before the birth of Christ, the Chinese postulated a link between heaven and earth. If the gods were pleased with the land’s rulers, if justice and sober administration characterized the reign of an emperor, then they would signify their pleasure with a stable sky. On the other hand, displeasure was also mirrored overhead. The heavens were a celestial indicator, a divine report card that assessed an emperor’s performance.


The Chinese employed men who were part astronomer, part astrologer to monitor the skies and interpret the messages written there. These experts read tian wen, the “patterns of heaven,” and translated the signs of the gods for the ruling class.


Two early works, the Huainanzi (Book of the master of Huai nan, ca. 139 BC) and the Shi ji (Records of the Grand Historian, ca. 100 BC) discussed the interpretation of tian wen.3 By comparing the relative positions of the five visible planets, imperial astronomers claimed the ability to predict major wars, political upheavals, and other disasters for the state.4 Terrestrial disturbances were prefigured by conjunctions between the planets.


The appearance of a comet, however, foreshadowed disruption. They were, as the Huainanzi noted, “Portents of Heaven.”5 Comets were the antithesis of the stable, predictable stars and planets. They appeared unexpectedly and traced erratic courses across the celestial dome. These anomalous objects violated the supreme harmony of the heavens. Like an industrious old woman cleaning the bamboo slats of a porch, the broom star swept out the old and cleared space for the new. The comet signified change—often of an emperor or his dynasty.6


Comets fascinated the Chinese. Believing that they were among the most significant celestial apparitions, imperial astronomers compiled careful records of their appearances. The oldest comet recorded in Chinese sources appeared in 613 BC.7 Here, in the Spring and Autumn Annals, Chinese astronomers logged the approach of a broom star appearing among the stars of the “Northern Dipper,” the constellation that modern astronomers label Ursa Major.8


Not only did Chinese astronomers note the arrival and movements of comets, but they also created a sophisticated catalog to describe the appearance of the heavenly messengers. In 1976, archaeologists excavated the number-three tomb at Mawangdui, near modern Changsha in Hunan Province. Among the classical philosophical works, they found a catalog of astronomical phenomena. The silk-painted record classified twenty-nine different categories of comets along with an interpretation of each type. A comet with four branches in its tail signified a worldwide plague; a three-tailed comet foretold ruin for the state. If a comet’s tail curved to the right, the people could expect “a small war.”9


The Chinese did not record the appearances because they were interested in working out the principles governing cometary orbits. Their observations supported the interpretation of tian wen, tying cometary appearances to terrestrial events and establishing the basis for a sophisticated “portentology.”10 By correlating heavenly manifestations—eclipses, unexpected meteor showers, and comets—with events on earth, they decoded the warnings from the gods. Astronomical phenomena presaged future events.
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Although the West trailed China in sophistication and record keeping, the Romans also believed that comets were divine portents. Pliny the Elder, in his Natural Histories, expressed the traditional view: “A comet is terrifying and difficult to appease. One appeared during the civil unrest that arose at the time of Octavian’s consulship and again in the war between Pompey and Julius Caesar. In our day, a comet appeared when Emperor Claudius was poisoned and the empire was handed over to Nero. During Nero’s reign, a comet was constantly present—nearby and threatening.”11


Civil disturbances, the overthrow of an established government, and the death of emperors: the Roman interpretation of this portent differed little from the Chinese. There was one important exception. A great comet appeared in July 44 BC, blazing above Rome as Octavian—the future Emperor Augustus—hosted the ludi uictoriae Caesaris, the funeral games honoring his adopted father, the recently assassinated Julius Caesar.


The Roman historian Suetonius described the people’s reaction:




Caesar was numbered among the gods, supported by an official decree and the consensus of the common people. For when his heir, Augustus, held the first of the games intended to celebrate his apotheosis, a comet appeared for seven straight days, rising about the eleventh hour. The Romans believed it was Caesar’s spirit, which had been taken to heaven. This is why a star is placed on the crown of his statue’s head.12





Octavian encouraged this belief. Being the heir of a god strengthened his political position in the early days of his long march toward absolute power. Caesar’s deification and the ratifying appearance of the comet figured prominently in Octavian’s propaganda: the comet appeared on coins and a star was carved on the statue of Julius Caesar placed in the Roman Forum.


The future emperor suggested a connection between the comet and Caesar to gull the Romans. Secretly, suggested Pliny, Octavian believed that the comet was a propitious sign, symbolizing the gods’ pleasure at his growing political power. He may have been right. Octavian expanded his influence and ultimately subverted the Roman state, replacing the republic with a monarchy. The comet symbolized Caesar’s ascent, but it also foretold the downfall of Rome’s ancient form of government.


Subsequent centuries were marked with comets appearing before traumatic events. Halley’s Comet was associated with a number of historical upheavals. It shone over Attila the Hun’s armies in AD 451, presaging the invader’s defeat. In 837, Charlemagne’s son, Louis the Pious, cowered in prayer and penance beneath the baleful gaze of the flaming star, fearing that the comet foretold the end of his rule over the Carolingian Empire.


The comet reappeared in 1066 when William the Conqueror, Duke of Normandy, decided to wrest control of England from the hands of Anglo-Saxon king Harold Godwinson. Norman artists stitched an image of Halley’s Comet into the fabric of the Bayeaux Tapestry, recording its appearance as an omen of political upheaval.


William of Malmesbury, the author of the History of the English Kings, captured reactions to the comet’s appearance on the other side of the English Channel:




Not long after, a comet, portending a change in governments, appeared, trailing its long flaming hair through the empty sky. A monk of our monastery, named Aethelmaer, offered a fine saying about this. Crouching in terror at the sight of the gleaming star, he said, “You’ve come, have you? You’ve come, you source of tears to many mothers. It is long since I saw you; but as I see you now you are much more terrible, for I see you brandishing the downfall of my country.”13





Aethelmaer was right; months after the comet appeared, the Normans crossed the Channel and invaded England. King Harold Godwinson was killed at the Battle of Hastings, and William the Conqueror ended Anglo-Saxon rule.


As the medieval period flowed toward the Renaissance, credulous kings trembled whenever a comet blazed against the star field. In 1453, the Ottoman Turks breached the walls of Constantinople, conquering the capital of the Byzantine Empire and clearing a path for a final Islamic sweep across Europe. As the advancing armies followed the Danube River west in 1456, a comet appeared in the skies. Did this heavenly messenger foretell the destruction of Christian Europe, or did it symbolize doom for the Islamic forces?


When the flaming star appeared, wrote anti-Catholic commentators, Pope Callixtus III issued a papal bull excommunicating the comet. Friendly sources claimed that the pope did nothing so foolish; he only enjoined prayers against “the Devil, the Turk, and the Comet.” Although most modern scholars doubt the pope did either, both legends persisted because they felt authentic. No one would have been surprised to find the bishop of Rome using his ecclesiastical authority to blunt the power of the oncoming Turks and their malignant harbinger.


Belief in papal authority soon faced its own test. Less than a century after the Ottoman armies were repulsed and driven back into the East, Martin Luther and the reformers shattered the unity of Christian Europe. For staunch Catholics, the emergence of Lutheran heresy symbolized the end. Comets filled the heavens, terrifying apparitions to accompany the spiritual discord that tore at the fabric of the church. The French surgeon Ambroise Paré described the particularly frightening comet of 1528. The comet, he wrote, burned in the skies like a bloody sword: “At the summit of it was seen the figure of a bent arm holding in its hand a great sword as if about to strike. At the end of the point were three stars. On both sides of the rays of this comet were seen a number of axes, knives, blood-colored swords, among which were a number of hideous human faces with beards of bristling hair.”14


Although Protestant Reformers attacked Catholic “superstition”—the ideas and practices they claimed had muddied the clear waters of a simple, biblical faith—it is surprising how important heavenly signs and portents became after Luther split the church. Sixteenth-century Europe was an age of anxiety: church and society suffered upheaval. Europeans hungered for certainty and stability, for the comfort of eternal constancy. Astrology flourished as did speculation about the significance of comets.15


Western Christians, both Catholic and Protestant, were convinced that God signaled his displeasure through signs in the heavens. Although astrology and divination are usually condemned in the Bible—“Thus says the Lord: ‘Learn not the way of the nations, nor be dismayed at the signs of the heavens because the nations are dismayed at them’”16—Christianity is an apocalyptic religion. Its exponents believed that the signs of the end would be revealed on the map of the heavens.


The words of Jesus offered a theological precedent for this view. Discussing his second coming, Christ prophesied, “Immediately after the tribulation of those days the sun will be darkened, and the moon will not give its light, and the stars will fall from the heaven, and the powers of heaven will be shaken.”17 During the sixteenth century, Catholics and Protestants searched the heavens for heralds of the end. The terrestrial actors had appeared: the reformers regarded the pope as the Antichrist who had led the earth’s people away from the Gospel, while the Catholic Church regarded Luther as the Antichrist who had arrived in the final days to torment the church and test the faithful. With all of the earthly pieces in place, church leaders looked for confirmation in the heavens.


Germany’s reformers concentrated their hopes on the year 1588. Despite a half-century of preaching during which diligent Lutheran ministers had labored in the spiritual vineyards of western Europe, many sinful humans refused to turn from their wicked vices. The workers had been many, but the harvest was paltry. Now the heavens disclosed, with clear and unmistakable signs, the end of God’s patience. Numerous upheavals pointed toward his impending judgment: a new star (a supernova) appeared in 1572; three comets (in 1577, 1580, and 1582) arched across the heavens. Lutheran minister David Chytraeus, writing about the comet of 1582, noted: “Since we pay no heed to the warnings nor wish to reform ourselves, He has placed before our eyes a fiery prophet and preacher, set in the Heavens, which prophecies [sic] and preaches that God’s wrath burns like fire.”18


Another Lutheran minister, Georg Caesius, recruited the unsettled sky in support of moral reform. “For eclipses, comets, and evil appearances of the outer planets bode ill,” he wrote. “We should not ignore these signs as heathens might, but rather with that much more ardor call to God and pray that He may reduce the meaning of nature’s omen, forgo punishment, or at least show some mercy.”19


The ministers were undismayed when the dreadful year 1588 failed to provide a world-rending calamity: their preaching, they informed their flocks, had led enough people back to the royal road to pacify God’s fury. Judgment was postponed, although 1600, 1604, and 1623 did not look good.


The conviction that comets symbolized the return of an angry God traveled with the Puritans to the New World. When a comet split the skies above newly founded Boston in 1680, Increase Mather, Puritan minister and president of Harvard University, issued a pamphlet entitled Heaven’s Alarm to the World. After noting that, contrary to the beliefs of ancient peoples, comets were not gods but rather signs that God used to give advance warning to earth’s communities of his approaching anger, Mather listed the typical calamities foretold by the appearance of a comet. A comet, like the one above Boston, presaged persecution of the church, famine, plagues of locusts, and “lamentable deaths and destructions amongst men.”20 Comets commonly preceded devastating fires, earthquakes, flood, and the rapid spread of virulent diseases. Finally, in an interpretative arc that reached back to the ancient Chinese sages, he noted that comets were frequently harbingers of war and the overthrow of kings.


What could be done? Return to God, thundered Mather. Living beneath “a formidable blazing star, at that the like hath seldom been observed,” the only sensible course of action was to “hearken to the voice of the Lord therein, who by such tremendous sights is speaking awfully to the children of men.”21


The heavens were a barometer, a gauge that measured God’s satisfaction with the earth’s inhabitants. Although the deities changed, this belief transcended time, civilizations, and cultures. The association between a comet’s appearance and divine displeasure—in all of its disastrous manifestations—infused human DNA. It would be difficult to find a more universal belief among the earth’s peoples. It wasn’t until near the end of the seventeenth century that an astronomer named Edmond Halley stole, like a British Prometheus, comets from the deity.












CHAPTER TWO From Astrology to Astronomy








Many things that are unknown to us the people of a coming age will know. Many discoveries are reserved for ages still to come. . . . Nature does not reveal her mysteries once and for all. We believe we are her intimates, but we are only hanging around the forecourt.


—SENECA





AUGUST 1909 FOUND A QUIET, COMPETITIVE SPIRIT GRIPPING THE world’s astronomers. From the Arizona deserts to Paris, telescopes quartered the heavens as stargazers contended for the distinction of spotting the returning comet. Somewhere out there, hidden among an apparently infinite number of celestial bodies, Halley’s Comet followed an elliptical orbit back toward the sun. The tail, soon to dominate the night sky, remained furled—the comet had millions of miles to fly before its gases sublimated and began to blow back from the head. The comet would appear as a dim smudge of light in the closing days of summer, a faint flicker against the vast star field. Every astronomer hoped to see it first.


Their anticipation raises obvious questions: How did these scientists know the comet was approaching? How did a portent of doom transform into a predictable astronomical phenomenon? Or, to put it another way, how did science rescue comets from the superstitious clutches of preachers and astrologers? That story belongs to an English scientist, Edmond Halley.
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As Europe staggered toward the Enlightenment and the dawn of modern science, astronomy labored under the yoke of Aristotle. For two thousand years, the Greek philosopher’s opinions had served as the scientific equivalent of the gospels. Aristotle’s theories about all aspects of the natural world went virtually unchallenged: he was the Moses of science, and his ideas were handled, generation after generation, with the same reverence as the commandments of the Jewish prophet.


Aristotle’s cosmology was deeply influential. The great thinker placed the earth at the center of the universe—an onion, its core ringed by a series of expanding concentric layers. The atmosphere formed the first layer above the earth’s surface. Here the winds blew and the air swept across the face of the earth. The next layer contained the realm of fire, the domain of meteors and comets. Beyond that, in ever-expanding spheres, lay the moon, Mercury, Venus, the sun, and the remote planets. The outermost sphere supported the stars. The earth lay at the center of the cosmos, the heart of a celestial Russian nesting doll. Every object beyond the ring of fire was permanent and eternal. The rotation of the crystalline spheres carried the sun, moon, planets, and stars—trapped like prehistoric insects in amber—across the sky. The spheres enforced order and held each object in its proper place, guaranteeing the perfect, eternal, and changeless nature of the heavens.


Comets challenged the static nature of Aristotle’s model. The philosopher discussed these irregular apparitions in his work Meteorologica. Aristotle disagreed with other Greek thinkers like Democritus, who postulated that comets were similar to the planets. Comets, he argued, did not share the outer layers with the sun, stars, and planets; they existed in the sphere of fire, beneath the moon but above the surface of the earth.


Scientific observation informed this claim. Aristotle noted that the sun and planets moved in front of a narrow band of stars—the zodiac. Since they never wandered outside of this ribbon, it stood to reason that the sun and planets were aligned in a fixed plane. The planets could be imagined as moving along the surface of a disk that sliced through the nested spheres. Since the planets (and the sun, in Aristotle’s view) never stray from the ring circumscribed by the zodiac, it stood to reason that anything traveling outside this zone differed from the sun and the five planets.


Comets were the chief offenders. Sometimes they materialized in front of one of the zodiac constellations, but centuries of observation suggested that this was not an invariable rule—they could appear anywhere in the sky. As Aristotle noted, the comet that appeared at the time of the earthquake in Achaea rose in the west; the comet seen during the archonship of Euclees, son of Molon, first appeared in the northern part of the sky.1 Since comets wandered the regions outside of the zodiac, he concluded, they must be something different than the stars and planets.


Different, but what?


The name of the work in which Aristotle tackled comets—Meteorologica—offered a clue. Aristotle believed that comets existed between the heavens and the earth. They were, in fact, a form of weather.


Comets, wrote Aristotle, were a product of the earth’s “exhalations,” produced when the land was warmed by the sun.2 These clouds of hot, dry gas rose slowly into the heavens. When the cloud touched the fiery sphere beyond the atmosphere, the exhaled gases ignited, producing a blazing object in the sky. The rotation of the fiery sphere carried the burning gas cloud around the planet until the fire consumed the exhaled gases and the comet vanished. The important point, suggested Aristotle, was that comets did not reside in the heavenly domain. They occupied no sphere in the changeless perfection of space, but rather were a product of the transitory, ever-fluctuating pattern of terrestrial life.


Aristotle’s view dominated Western science for nearly two thousand years. His immutable crystalline spheres revolved serenely on their axes until 1572, when the appearance of a new star in the constellation of Cassiopeia startled Danish astronomer Tycho Brahe.


Brahe was one of the more flamboyant members of a Danish noble family. At age twenty he dueled with a fellow nobleman, Manderup Parsberg, over the question of who was the better mathematician. Although their swordplay failed to settle the issue, the duel did have one important consequence: as the two men parried and exchanged thrusts in the dark, Parsberg sliced Brahe’s nose. As vain as he was jealous of his mathematical reputation, Brahe wore a prosthetic brass nose from that time on.


Astronomy consumed Tycho Brahe. Against his family’s wishes he devoted himself to the study of the stars (his father hoped Tycho would become a lawyer). With the support of his uncle, Brahe built an observatory at Herrevad Abbey, a Cistercian monastery. Later, drawing upon the patronage of King Frederick II, Brahe constructed Uraniborg, an observatory built on the island of Hven, near Copenhagen.


Brahe believed that progress in astronomy and astrology depended upon precise measurements of the planets and stars. He devoted a considerable amount of time to recording the movements of heavenly bodies.


When the new star appeared in 1572, a sudden bright flare that rivaled the planet Venus, astronomers well-versed in Aristotelian theory dismissed it as a flame in the fiery sphere that lay beneath the moon. After all, as Aristotle had taught, the heavens were fixed and unchanging. A new star was impossible.


Brahe’s obsession with precise measurement soon challenged established wisdom. He employed the scientific principle of parallax to gauge the distance to the nova stella (new star). Without belaboring the geometry, parallax simply means that when an object is observed from two different points, the background will change if the object is close to the observers. If we set a beer bottle on a fence post and two observers stand twenty feet from the bottle, but seventy feet apart, each sees a different background behind the bottle. If, however, the observers walk backward until they are a mile from the beer bottle, the background behind the bottle will look the same, assuming they have good vision, even though they are still separated by seventy feet.


This is parallax. Nearby objects appear to occupy different positions against a background. Since the moon is relatively close to the earth, when observed at the same moment in Moscow and London, it appears in different positions against the background of the star field. Jupiter, which is much further away, shows less displacement against its background of stars.


Brahe collected observations of the new star from several positions across Europe. When he compiled these measurements, he realized that the parallax was very small—his fellow astronomers saw it in roughly the same place. This meant that the nova lay beyond the moon and the planets. It existed among the changeless domain of stars, rather than burning in the upper atmosphere.


His discovery undermined one of Aristotle’s principal theories. The heavens were not frozen in an eternally perfect state: objects in the outer spheres could change.


Brahe repeated his experiment when the Great Comet of 1577 appeared in the night skies. After collating observations of the comet against its starry backdrop, he demonstrated that Aristotle was mistaken. The comet existed in the space beyond the moon, among the planets. Moreover, the movement of the comet through space, past the planets, suggested that Aristotle’s model of rotating crystal spheres was also wrong. How could a comet pass through a crystal sphere without shattering it?
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Nearly a century later, in 1656, Edmond Halley, the man who revolutionized thinking about comets, was born in the Borough of Hackney, a village outside of London. His father was a salter (preserving beef for sea voyages) and a soap maker. His businesses prospered and he left an estate worth £4,000 at his death—nearly a million dollars in modern currency.3


Two disasters struck London during Halley’s boyhood. The Great Plague of London broke out in the spring of 1665. More than one hundred thousand people died before the plague burned out a year later. The city’s undertakers barely had time to draw breath before the Great Fire of London burned most of the city in September 1666. The Halley family was fortunate; the Great Fire skipped over their home on Winchester Street. Many Londoners linked the plague and fire to the two comets that had appeared in 1664 and 1665.4 These two disasters may have stimulated Halley’s lifelong interest in comets.


Halley attended St. Paul’s School in London and later Queen’s College, Oxford. There he studied astronomy and mathematics, gaining considerable attention for his corrections of Tycho Brahe’s table of the positions of Jupiter and Saturn. He also wrote his first scientific paper, a description of how to calculate the eccentricity of a planet’s elliptical orbit.


Halley left Oxford in 1676 before completing his degree. He was eager to make a contribution to the discipline of astronomy, and the most promising opportunity lay in charting the night sky. Unfortunately, three excellent European astronomers—John Flamsteed, Johannes Hevelius, and Giovanni Cassini—were already mapping the Northern Hemisphere. “If I were to attempt anything of the same kind,” wrote Halley, “I know I should be as one stupidly quacking amongst such matchless swans.”5 Halley turned his attention to fields that still awaited the farmer’s plow. The Southern Hemisphere’s sky was virgin territory; few Europeans—apart from the sailors who plied the world’s oceans—had ever seen those stars. Halley decided to mount an astronomical expedition to Saint Helena, a small volcanic island in the middle of the Atlantic Ocean between the western coast of Africa and Rio de Janeiro. Nearly two hundred years later, Saint Helena would host the exiled Napoleon Bonaparte.


Halley knew very little about the island, but it was well-situated to observe the skies of the Southern Hemisphere. The weather, according to those who had visited, was generally cloud free, offering clear views of the heavens. Edmond persuaded his father to underwrite the expedition; Halley Senior provided £300, which allowed Edmond to purchase an accurate sextant and several small telescopes. King Charles II, an enthusiastic promoter of science, ordered the East India Company to provide transport and offer Edmond accommodation at their station on the island. Soon Halley was aboard a company ship bound for the southern seas.


Saint Helena fell short of expectations. Maritime clouds obscured the heavens and viewing conditions were less than ideal. Nevertheless, Edmond persevered, wielding his telescope whenever the weather permitted. By the end of his stay he had cataloged 341 southern stars—many of which were unknown to European astronomers. He also related the positions of his newly mapped stars to the established northern stars, providing a frame of reference that facilitated the integration of both hemispheres. Halley spotted several nebulae with his telescope, and he made important observations of the planet Mercury as it passed across the face of the sun.


Despite the hardships, Halley’s sojourn on Saint Helena was productive and he returned to England with a wealth of data. He presented his charts and observations to the Royal Society. He also petitioned the king to force Oxford to grant him a degree—Oxford’s administrators decreed that since Halley had left the university before completing his studies, he had no claim to the university’s imprimatur. King Charles took a different view: Halley’s scientific accomplishments during his year on Saint Helena more than matched what he would have learned in the lecture halls, and the king pressured the chancellor of the university to award Halley his master’s degree.


Additional honors followed. On November 30, 1678, Halley was elected a fellow of the Royal Society of London for “improving natural knowledge.” The Royal Society, established in 1660, lay at the heart of the Scientific Revolution. Comprised of Britain’s leading thinkers, the Royal Society met weekly to read and discuss papers and to promote scientific advances across the disciplines. Winning membership in this august company marked Halley, a youth who was barely out of his teenage years, as one of England’s coming thinkers, a rising intellectual lion.


After his triumphs on Saint Helena, Halley opted for the conventional and embarked on a grand tour of Europe. Crossing the English Channel in 1680, he spotted a brilliant comet burning through a vent in the clouds. A couple of months later, while in Paris, the comet reappeared. Astronomers had yet to discover that comets orbited the sun, and Halley did not realize that the two appearances of the comet were actually one extended appearance, punctuated by an interval in which the comet had passed behind the sun, vanishing during the daylight hours.


The comet intrigued Halley. He convinced Jean Dominque Cassini, the director of the recently established Paris Observatory, to allow him to use the telescopes to observe the object. Cassini agreed, and Halley recorded a series of measurements that he hoped would allow him to establish the comet’s path through space.


This proved more difficult than the enthusiastic young astronomer imagined. Johannes Kepler, a disciple of Tycho Brahe, had advanced a theory that the planets followed elliptical paths around the sun. However, suggested Kepler, comets followed a different trajectory altogether, passing through the solar system in a straight line, like a bullet shot from a rifle. They approached the earth, passed it, and then receded into infinite space. The comet’s course did not bend into an ellipse; if its track across the heavens appeared curved, argued Kepler, this was a consequence of the earth’s movement. Comets flew in a straight line.


Hoping to confirm Kepler’s theory, Halley attempted to place his observations on a straight path. It didn’t work. The young astronomer was puzzled by the failure of Kepler’s theory.


Halley returned to England and inserted himself into the burgeoning scientific community. He spent hours in tobacco-scented coffeehouses discussing the leading theories of the day with notables like Robert Hooke (discoverer of the cell) and Christopher Wren, the architect responsible for the reconstruction of London after the Great Fire. It was a time of creative ferment, and Halley was fascinated by every branch of the scientific endeavor.


Disaster struck in 1684. Halley’s father, Edmond Sr., left home on the evening of March 5 for a walk. He failed to return. Halley’s stepmother filed a missing person’s report and took out advertisements in the news books. Six weeks later, constables found his body along the banks of the Thames, stripped of clothes and badly decomposed. The coroner rendered a judgment of murder, although some modern scholars believe Edmond’s father might have taken his own life.


Halley and his father were very close; the elder Halley had generously funded Edmond’s expedition to Saint Helena, purchased his telescopes, and granted him an annual allowance that freed him to pursue his scientific curiosity with no financial concerns. That ended in 1684. Halley’s stepmother restricted and then terminated Halley’s allowance.


Constrained by this funding shortage, Edmond applied for the new post of Royal Society clerk in 1686, which paid a £50 annual stipend. He had to resign his fellowship to accept this “lower” position, but the job made him responsible for all of the Royal Society’s correspondence. He handled the letters and papers arriving from scientists across Europe. His “demotion” placed him at the center of a web of science, granting him a privileged perch from which he could monitor developments across the sciences. This position stimulated his own creativity, and during the ten years he served as the Royal Society’s clerk, Halley published thirty papers across a range of disciplines.


He remained obsessed with the question of a comet’s movement across the sky. His membership in the Royal Society brought him into contact with Isaac Newton, a professor at Cambridge. Newton had been working on the nature of orbital mechanics and the influence of a postulated force—gravity—on the motion of bodies through space. Halley, after a meeting with Newton in 1684, convinced him to develop his ideas and publish them for the benefit of scientific progress. Spurred by Halley’s enthusiasm, Newton ultimately wrote Philosophiae Naturalis Principia Mathematica (The Mathematical Principles of Natural Philosophy) in 1687. This treatise, a work that is foundational to modern physics, revolutionized scientific thought. Aside from laying the theoretical basis for calculus, it explained how gravity shaped the orbits of celestial bodies. Aristotle’s crystalline spheres were decisively shattered—the planets followed precise trajectories that could be explained mathematically.


Although he is rarely credited with this contribution in popular literature, Edmond Halley served as the midwife for Newton’s Principia. Had he not pushed the great mathematician to write the groundbreaking work, it is unlikely that science could have made such stunning advances in the eighteenth century. Moreover, when the Royal Society found itself short on funds to support the publication of Principia—the fellows had squandered their entire publication budget on a scientific flop titled The History of the Fish—Halley paid for the printing himself. This generosity is even more impressive when we recall that Halley no longer had a private income to fund speculative projects; he was an employee of the Royal Society when he paid Newton’s printing bills. Newton owned the stunning genius behind the revolutionary ideas, but Edmond Halley ensured they reached the attention of the scientific community.


Halley’s work with Newton stimulated his greatest contribution to astronomy. Halley realized that Newton’s ideas could be extended to include comets. Halley focused his attention on applying Newton’s theories to the problem of comet motion. In 1705, he published the remarkable treatise A Synopsis of the Astronomy of Comets.


He opened his work by noting that comets had long mystified humanity. The Egyptians had claimed the ability to predict the appearance of comets, although they offered no theory to account for them. Progress toward understanding the nature of comets had received a setback with Aristotle’s theory of sublunary exhalations, and apart from Seneca’s belief that comets belonged among the celestial bodies, no explanations of value had been proposed between the classical age and his own.


Newton’s Principia offered the tantalizing suggestion that comets followed a parabolic orbit around the sun. That is, they approached the sun, bent around it, and then were cast, like a stone from a slingshot, away from the solar system in a different direction. Halley wondered if that was true. “Since they appear frequently enough, and since none of them can be found to move with a hyperbolic motion, or a motion swifter than what a comet might acquire by its gravity to the sun, ’tis highly probable they rather move in very eccentric orbits, and make their returns after long periods of time.”6 In other words, rather than making one visit to the sun and then flying off into space, wasn’t it more likely that comets followed the same elliptical orbits now established for the planets?


Halley searched the archives, compiling historical references to comets, building a table that specified when a comet had been sighted in the past, and where, in the sky, it had first appeared. After collating twenty-four observations from 1337 to 1698, one comet showed remarkable similarities: the comet of 1682. According to the records at Halley’s disposal, the comet had appeared in the same part of the sky in 1531, 1607, and 1682. This led the astronomer to suspect that these entries in his catalog referred to the same comet, one that followed a Newtonian elliptical orbit through space, circling the sun every seventy-six years.


Somewhat problematically, the comet did not run with complete chronological regularity: you wouldn’t want to set your calendar by it. Seventy-six years separated 1531 from 1607, but only seventy-five had elapsed when the comet reappeared in 1682. Halley attributed these variations to the effect of gravity. As the comet moved through the solar system, it passed through the strong gravitational fields of Jupiter and Saturn. These monsters altered the speed of the comet’s flight, slowing or accelerating its passage through space. Gravitational perturbations, as outlined in Newtonian mechanics, introduced irregularities into the comet’s orbit.


He was the first scientist, apart from Newton, to apply these new ideas to an astronomical problem.7 Not only did he provide an explanation of cometary orbits, but he also offered a bold prediction:




In the year 1456, in the summer time, a comet was seen passing retrograde between the earth and the sun, much after the same manner [as those seen in 1531, 1607, and 1682]: which, though nobody made observations on it, yet from its period and the manner of its transit, I cannot think different from those I have just now mentioned.


Hence I dare venture to foretell that it will return again in the year 1758.


And, if it should then return, we shall have no reason to doubt that the rest must return as well.8





In one stroke, Halley stole comets from the gods, desacralizing and converting them into natural, explainable, and predictable phenomena. Comets were not portents, signs of divine wrath, omens of impending doom. They were celestial objects following predictable, albeit long, paths that could be calculated decades or even centuries in advance. The fear they stirred in the human heart, their longstanding reputation as evil emissaries of the gods, was unwarranted.


At least this would be true if Halley was right. The astronomer was thirty-nine when he published the Synopsis; he was unlikely to live another fifty-three years to see if the comet materialized on schedule. Halley suffered a small stroke in 1737, which left his right hand partially paralyzed and interrupted an eighteen-year project of creating tables that would allow mariners to determine their longitude at sea by measuring the moon’s position. Four years later, illness and a growing infirmity overwhelmed his still-eager mind. Paralysis spread throughout his body. Richard Mead, the king’s physician, prescribed a medicine of gruel mixed with Jesuit’s bark (the source of quinine). This concoction failed to succor the ailing scientist. On January 14, 1742, Halley requested a glass of wine. He took a seat, drained the glass, and minutes later, without any distress, passed away.


He went to his grave after one of the most illustrious careers in scientific history. Nevertheless, his most famous contribution still awaited confirmation.
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Neither Halley’s accomplishments nor his predictions faded with his death. Europe knew that 1758 was the expected date of the comet’s return, and astronomers looked forward to the proof (or disproof ) of Halley’s beliefs with eager anticipation.


A French math prodigy, Alexis Clairaut, became interested in Halley’s prediction. Clairaut believed that Halley’s estimate could be tightened by employing mathematical advances that had occurred after the astronomer’s death. He drafted astronomer Joseph Jerome de Lalande to assist him in fine-tuning the anticipated return date.


The two men had little time to work. If Halley was right, his comet was rapidly approaching. It would not be very impressive to publish a revised forecast after it appeared in the sky. If the pair wanted to make a stir, they had to finish their calculations before the comet appeared.


Needing help, the men turned to Madame Nicole-Reine Etable de la Brière Lepaute. Madame Lepaute was one of the leading mathematical minds of her day. Lalande later wrote:




Madame Lepaute gave us such immense assistance that, without her, we should never have ventured to undertake this enormous labor, in which it was necessary to calculate for every degree, and for a hundred and fifty years, the distances and forces of the planets acting by their attraction on the comet. During more than six months, we calculated from morning to night, sometimes even at table, and as the result of this forced labor I contracted an illness that has changed my constitution for life; but it was important to publish the result before the arrival of the comet.9





The mathematicians updated the orbital projections for both the comet and the massive planets whose gravitational fields shaped its path. The team spent six months during 1757 working on their calculations—a task that would take a modern computer no longer than the spin of a hard drive. They projected that Saturn would slow the comet by 100 days and Jupiter by 518.


Their conclusion? Halley had made a couple of mistakes in his calculations, but these errors worked to his advantage. The comet would arrive in 1758, as Halley had predicted.


On December 25, 1758, a German farmer and amateur astronomer named Johann Palitzsch spotted the comet in precisely the location that Halley had projected. It took nearly a month before a “professional” astronomer confirmed Palitzsch’s sighting: Charles Messier of the Paris Observatory verified the comet’s return on January 21, 1759. An extended period of overcast skies in Europe had delayed Messier’s observations.10


The comet returned, flared in the night sky, and achieved perihelion—its closest approach to the sun—on March 13, 1759.


Halley had been right; his brilliant conjecture was correct. Comets were not divine portents sent by remorseless gods to herald doom, destruction, or the death of kings. Comets were natural phenomena governed by Newton’s theories.


Comets belonged to the realm of science, not religion or astrology. Using the mathematics refined in France, astronomers predicted the comet’s return in 1835 and 1910. Halley’s discovery desacralized the comet, offered a scientific, provable explanation for its appearances, and explained why, in the late summer of 1909, astronomers—both professional and amateur—searched the heavens for the returning comet.
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