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This book is dedicated to
the founder of zetetic astronomy,
Samuel Birley Rowbotham, a.k.a. Parallax (181684),
his one-time adversary
Alfred Russel Wallace (18231913)
and pioneering researcher and long-time writer in the field
Robert J. Schadewald (19432000)




Tis strange,  but true; for truth is always strange;
Stranger than fiction: if it could be told,
How much would novels gain by the exchange!



BYRON,

Don Juan, Canto 14, Stanza CI, 8013



Create a belief in the theory and the facts will create themselves.



JOSEPH JASTROW,
Wish and Wisdom: Episodes in the Vagaries of Belief (1935)



Quixotism is a folly when the energy which might have achieved conquests over misery and wrong, if rightly applied, is wasted fighting windmills.



PARALLAX [Samuel Birley Rowbotham],
Zetetic Astronomy: Earth not a Globe! (1881)



A little Learning is a dangrous Thing;

Drink deep, or taste not the Pierian Spring:

There shallow Draughts intoxicate the Brain,

And drinking largely sobers us again.



ALEXANDER POPE,
An Essay on Criticism (1711)




Contents

Acknowledgements



Prologue  The Columbus Blunder

One  Surveying the Earth

Two  A Public Sensation

Three  The Infamous Flat-earth Wager

Four  Trials and Tribulations

Five  Lady Blount and the New Zetetics

Six  Flat-earth Utopia

Seven  Man on the Moon?

Eight  The View from the Edge

Nine  The Californian Connection

Epilogue  Myths and Meanings



Appendix

Abbreviations

Notes

Bibliography

Index








Acknowledgements

The making of this book has been a story in itself. Along this winding road, I have amassed many debts of gratitude, too many to mention but none forgotten, and I am happy to have the opportunity to detail some of these finally in print.

Among many such debts, my first is to the numerous librarians and archivists who have answered my sometimes peculiar research enquiries with a straight face and further assistance in the shape of photocopies from some of the most unexplored corners of their collections. Among the most generous with their time and resources have been Andy Sawyer, Claire Lyng and Lucie Barnes at the University of Liverpool, Robin Rider and staff at the University of Madison-Wisconsin, Mary Flagg and Linda Baier at the University of New Brunswick, Apollonia Steele and Marlys Chevrefils at the University of Calgary, Melissa Conway, Darian Davies and Mary Jones at the University of California, Riverside, Mary Chibnall at the Royal Astronomical Society, Adam Perkins at the University of Cambridge, Jonathan Harrison at St Johns College, Cambridge, Stella Brecknell at Oxford University Museum of Natural History, Carol Ruesch of Zion Historical Society, Allender Sybert of Maryland Genealogical Society, Jean Hankins of Otisfield Historical Society and Roy Bailey and members of the John Hampden Society. In addition, I am extremely grateful to Robert Gibbs and the Alden Nowlan Estate, the estates of George Orwell, George Bernard Shaw and G. K. Chesterton, the Royal Geographical Society, the University of Liverpool, the British Library, the Bodleian Library, Oxford, the University of New Brunswick, the University of Calgary, the University of California, Riverside, the University of Wisconsin-Madison, Maine Historical Society, Oxford University Museum of Natural History, the Syndics of Cambridge University Library, and the Particle Physics and Astronomy Research Council for permission to quote from various correspondence held in their collections.

Besides this invaluable research assistance, I have also received financial support from several educational institutions and grant-giving bodies. In particular I would like to thank Tom Garver and the Friends of the Library of the University of Wisconsin-Madison, the Authors Foundation, the Open University and the Andrew W. Mellon Foundation for funding my research and employment at various points. I am also indebted to William H. Brock, Chris Chilvers, Steve Cloutier and Ronald L. Numbers for reading and commenting on the manuscript and to my anonymous referees for their helpful advice. Special thanks are also due to James R. Moore, without whom this book would not have been written.

Meanwhile, in the publishing world, Im grateful to Kate Harvey and Georgina Morley at Macmillan, and my agent, Peter Tallack at Conville and Walsh, for their patience, editorial skills and belief in the book. Chief among the many others who have provided encouragement, inspiration and assistance in numerous ways are Roger Balfour, Andy Barnes, Matt Barnes, Peter Bartrip, Janet Brian, Ian Cramp, Tim Coley, Paul Collins, Ian Firla, Michael Shere-Gill, James Gregory, Mary Hopper, Martin Hughes, Alan James, Tony Jasper, Dave Jones, Aaron and Lucy Kaplan, Marie King, Michael Lovett, Robin Mackie, Helen McBurnie, Jo McDermott, Francis Neary, Claire Ormandy, Ian Parrish, Leslie Price, Hazel Sampson, Chris Smith, James Sumner, John and Dee Vint, Richard and Audrey Wallace, and Nigel Warburton. Especial gratitude is due to Sir Walter Blount, Ann Coltman, Felicity Coltman, Leo Ferrari, Raymond Fraser and Wendy Schadewald for their personal insights and feedback on chapters, and to Paul Cox for all he has done. Finally I would like to pay testament to my parents, Bruce and Kathleen Garwood. My greatest debt is to them.





PICTURE ACKNOWLEDGEMENTS



1  From N. M. Sarna, Understanding Genesis, 1966. 2  With thanks to Paul Cox. 3  Mary Evans Picture Library. 4  Mary Evans Picture Library. 5  Reproduced by kind permission of Ann and Felicity Coltman. 6  Authors collection. 7  Mary Evans Picture Library. 8  Mary Evans Picture Library. 9  From the Mechanics Magazine, 29 March 1861. 10  With thanks to Paul Cox. 11  Mary Evans Picture Library / College of Psychic Studies. 12  From T. W. Wallace, Autobiography of Thomas Wilkinson Wallis, Sculptor in Wood (1899). 13  From Alfred Russel Wallace, My Life, vol. II, 1905. 14  Authors collection. 15  Reproduced courtesy of Liverpool University Library. 16  Greenwich Royal Observatory Collection, Cambridge University Library. Reproduced by permission of the Syndics of Cambridge University Library and of the Particle Physics and Astronomy Research Council. 17  Reproduced courtesy of the University of Liverpool Library. 18  John Johnson Ephemera Collection. Reproduced by permission of the Bodleian Library, Oxford. 19  From Knowledge, 23 March 1883. 20  From Adrian Galileo or a Songwriters Story, 1898. 21  Authors collection. 22  Reproduced with thanks to Pearl Pierce and Jean Hankins, Otisfield Historical Society. 23  From David Wardlaw Scott, Terra Firma: The Earth not a Planet, 1901. 24  From the Earth not a Globe Review, No. 4, July 1895. 25  Chicago Daily News, 9 April 1911, Chicago Daily News negatives collection, Chicago Historical Society. 26  Modern Mechanics and Invention, October 1931. Reproduced with thanks to Charles Shopsin. 27  Reproduced by kind permission of Judy Lucero, Emanuelson Inn, Zion. 28  Modern Mechanics and Invention, October 1931. Reproduced with thanks to Charles Shopsin for his generous assistance. 29  Reproduced by courtesy of the University of Liverpool Library, Science Fiction Foundation Collection. 30  Sun, 17 August 1967. 31  Reproduced courtesy of the University of Liverpool Library, Science Fiction Foundation Collection. 32  Birmingham Evening Echo, 17 April 1969. 33  Weekend Magazine, 14 December 1974. Reproduced by permission of Frank Prazak / Library and Archives Canada. 34  Weekend Magazine, 17 January 1976. Reproduced by permission of Frank Prazak / Library and Archives Canada. 35  Reproduced by kind permission of Wendy Schadewald and the University of Wisconsin, Madison. 36  Reproduced by kind permission of Wendy Schadewald and the University of Wisconsin, Madison. 37  Copyright  the estate of Charles M. Schultz courtesy of Knight Features. 38  Copyright  the estate of Dik Browne courtesy of Allsorts Media.








Prologue



THE COLUMBUS BLUNDER
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In fourteen hundred and ninety-two,

Columbus sailed the ocean blue.

He took three ships with him, too,

And called aboard his faithful crew.

Mighty, strong and brave was he

As he sailed across the open sea.

Some people still thought the world was flat!

Can you even imagine that?



Traditional childrens poem

IN 1919, SCHOOLCHILDREN in classrooms across America opened a new book. Entitled The Boys and Girls Reader, the illustrated volume by prolific childrens author, Emma Miller Bolenius, was aimed at schoolchildren aged nine to twelve.1 In true fairytale fashion, it began with a vision. Books are the windows through which the soul looks out, the children were told, and browsing the Reader would be like climbing a winding staircase in a great tower, peering out of a different arched window with every step that they took. From this otherworldly turret, Bolenius asserted, the children would be treated to many different views of the world; images of strange countries and great heroes beyond everyday experience but real none the less.



From Home and Neighbourhood, to the Great Outdoors and the Workaday World, the window book was a reading programme with special recommendations for days of the year. Among them, the guideline for 12 October, Columbus Day in the United States, was especially relevant to the presentation of sweeping world-views. On this date, Bolenius suggested, classes should turn to an account of Americas discovery by Christopher Columbus in 1492. A popular topic for nineteenth-century authors eager to tell tales of great men of exploration and science, the version chosen by Bolenius was taken from Alphonse de Lamartines swashbuckling hero-history, Life of Columbus, published in 1853.2 To emphasize Columbuss achievements, she added a preface to the account for the benefit of her young readers:



When Columbus lived, people thought that the earth was flat. They believed the Atlantic Ocean to be filled with monsters large enough to devour their ships, and with fearful waterfalls over which their frail vessels would plunge to destruction. Columbus had to fight these foolish beliefs in order to get men to sail with him. He felt sure that the earth was round. He believed that by sailing westward he would find a short cut to India. The French people have always admired courage. Here a French writer, Lamartine, pays tribute to courage of spirit which is even greater than physical courage. As you read, look for the various ways in which Columbus showed his greatness . . .3



As children across America chewed their pencils and stared out of real windows, two conjoined facts were absorbed: medieval people believed the earth to be flat, Columbus was the first to prove it was a globe. Doubtless, for many, this topped the list of ways that Columbus showed his greatness to the world.

Such storybook accounts would be quaint, were they not untrue and, more importantly, widely believed. Back in reality, educated medieval people did not believe the earth to be flat, and it was neither Columbuss intention nor the outcome of his voyage to demonstrate to doubters that it was a globe.4 It was only in 1522, when the expedition led by Ferdinand Magellan returned from circumnavigating the earth, that rotundity was empirically proved. Just as there was no fearful waterfall in the Atlantic Ocean, so too was there no mutiny of flat-earth sailors on the Santa Mara and no globular heroism at stake. Although there were debates in the court of Queen Isabella and King Ferdinand over the feasibility of a voyage to Asia, the central question for committee members investigating the matter was the size of the earth rather than its shape. While Columbuss contemporaries assumed that it was spherical  indeed, the point was far beyond any sort of dispute  many believed that the stretch of water between Europe and Asia was uncrossable and sailors risked becoming stranded or running out of food.5 Under these circumstances, what is widely assumed to be his greatest achievement is a chimera: no educated person in fifteenth-century Europe would have imagined that Columbus was bound to sail off the edge of the world. Yet it is one of those myths, like Newton and the Apple, so embedded in popular wisdom that many of us do not know where we heard it first. The imagery is golden, of treasure, of daring and globe-making adventure, and it is still paraded in various guises in newspapers and books worldwide.

Among many versions of the flat-earth myth, as the historian Jeffrey Burton Russell has noted, is the fallacy that nobody knew it was round before Columbus discovered America in 1492. Less far-fetched is the contention that the ancient Greeks realized the rotundity of the earth but this knowledge was lost to humankind through the backward and superstitious Dark Ages. Then there are versions claiming that the globe idea was re-established, in Western Europe at least, at various times ranging from the first century to 1410.6 Whatever the case, Columbuss discovery that the earth is a globe is a prime slice of scientific folklore, the ultimate hero story of world exploration, a source of lessons in moral virtue or easy bylines. Nevertheless, as with many such myths, the truth behind the construction has a colourful history in its own right.



The assumption that Columbus spared humankind from foolish superstition over the shape of the earth is part of a much deeper set of assumptions about the progress of knowledge and the passage of time. In this sense, the origin and appeal of the Columbus story lie in another mythical world-view: the idea that Europe suffered a Dark Age for a thousand years from c. 450 to 1450. According to popular mythology, this was a time of barbarism and superstition, when the earth was flat and plague, pestilence and hardship scoured the land. In intellectual pursuits, so the story goes, knowledge that survived the invasions of late antiquity was stifled by the Christian Church, which is said to have placed scriptural literalism above rational investigation, thus seriously retarding scientific progress. Possessed by sin, guilt and anguish, the era was supposedly a dark interlude for knowledge, haunted by mass hysteria, mental disorders, compulsive ritualism and the muddled confusion of a split mind.7 Although it is fair to say that the early medieval period (3001000) experienced upheaval, and intellectual pursuits went into decline, the time did see scientific advances and the relationship between the Church and the natural sciences was not a case of a cartoon stand-off between sworn enemies.8

Nevertheless, the spectre of a disturbed era between the radiance of classical learning and modernity looms large in the popular imagination, and it is in this legend that the simple story of Columbus and the flat earth has its roots.

If tidiness is an occupational hazard for the historian, the neat threefold division of history into ancient, middle and modern is one example of the compulsion made real. Over time, the term middle ages has also become closely associated with the idea of a dark age, a concept that was originally the invention of poet and scholar Francesco Petrarch. Throughout the Renaissance Italian humanists, set on glorifying the literary achievements of classical antiquity and their role as restorers of this golden age, likewise promoted the idea that the time that went before them was an era of intellectual stagnation and gloom. The idea of a dark age and associated prejudices have endured to this day, and although the humanists did not accuse medieval people of believing that the earth was flat, they evoked images of ignorance, darkness and peculiar superstitions that later commentators put to ample use.9

During the eighteenth century, this model of a vast disparity in knowledge between two distinct periods of history was brought into even sharper relief by Enlightenment philosophes such as the Marquis de Condorcet and Franois-Marie Arouet, commonly known as Voltaire. Partisans inspired by a republican vision of post-revolutionary France, they aimed to smash the authority of the Church in social, political and cultural life and used Dark Age imagery in a more explicitly anti-religious sense as part of this broader secular programme. In Enlightenment propaganda, hope and optimism pervaded the age, and man was depicted as master of his own fate: through rational empirical investigation, it was said, humankind could be improved and progress and perfectibility were achievable. Such endeavours were to be founded on critical thinking; reason and empiricism were posted as the new brooms that would sweep society clean of irrational and outmoded beliefs and institutions.

In this atmosphere, established sources of authority, Churches and governments alike, were subjected to logical examination, and even the Bible, widely accepted as the word of God, did not escape rigorous scrutiny. In certain philosophical circles, scepticism was paramount and, guided by the watchwords reason and nature, anticlerical radicals keen to identify themselves as modern and revolutionary attempted to banish the supposed bigotry, superstition and tyranny of the Dark Ages to the shadows.10 For many Enlightenment thinkers, reason was the key to historical advance, and to promote the triumph of rationality over religion  a clash of the forces of light and dark in a sweeping vision of change over time  fitted their ideological and secular goals. Thus the scene was set for the Columbus myth through two alternative myths intertwined: through the mythical Dark Ages and the triumph of reason over superstition, cultural assumptions about strange medieval beliefs were becoming established in the popular mind.

The popular version of the Columbus story has a pre-eminent place among such historical fallacies, a point that renders its origins all the more fitting. As Jeffrey Burton Russell has noted, the tale, which has gradually infiltrated the annals of fact, was first widely disseminated by Legend of Sleepy Hollow and Rip Van Winkle author Washington Irving, as part of his The Life and Voyages of Christopher Columbus published in 1828.11 From his first work, A History of New-York from the Beginning of the World to the End of the Dutch Dynasty (1809), Irving established a reputation as a humorist with a taste for teasing the public with clever mixtures of fiction and fact. A parody of pretentious history books, Irvings work was an overblown chronicle of the customs and institutions of the early Dutch rulers of New York, written in a mock-deadpan style and dedicated in jest to the New York Historical Society. To add to the ruse, the parody was published under the pseudonym Diedrich Knickerbocker, supposedly an elderly New Yorker of Dutch descent, who had left the musty old manuscript in his lodgings before disappearing in mysterious circumstances dressed in knee breeches and a cocked hat. Missing notices appeared in the papers, designed to advertise publication of the mythical Knickerbockers book, while his surname eventually became a household word for quaint Dutch-descended New Yorkers, and later, more specifically, their fancy trousers. In the interim, Irvings good-humoured satire was sufficient to earn him celebrity status, and he went on to write the legends and short stories commonly associated with his name.

Given the circumstances, it is unsurprising that Irving was to have a similarly quirky impact on the facts of Christopher Columbuss life. The book was his first historical biography, and the project transpired quite by chance. Irving had originally travelled to Madrid to translate some newly discovered historical documents relating to the voyages of Columbus, but found that the material was sufficiently rich to provide the basis for a full-length history of his own. Such a study would signal a new departure for Irving, who hoped to secure a more serious, hard-hitting literary reputation away from the sweet sentimentality and dark fantasy that had characterized his previous work. Inspired by the romance and ruin of the land of fierce contrasts, he set to work, hoping to achieve factual accuracy imbued with the colour of life. What he came up with was a rip-roaring saga, which, despite its intention to serve as reliable source-based history, fell squarely into the popular hero-myth school. One of the books most memorable moments is Columbuss confrontation with Ferdinand and Isabellas royal commission (which Irving called the Council of Salamanca) where he attempts to persuade them of the feasibility of his proposed voyage to Asia. To set the scene, Irving explained,



[The council] was composed of professors of astronomy, geography, mathematics, and other branches of science, together with various dignitaries of the church, and learned friars. Before this erudite assembly, Columbus presented himself to propound and defend his conclusions. He had been scoffed at as a visionary by the vulgar and the ignorant; but he was convinced that he only required a body of enlightened men to listen dispassionately to his reasonings.12



So, there Columbus stood, a simple mariner, according to Irving, who pleaded his cause with natural eloquence. The atmosphere was tense and the debate heated, proof in itself of how knowledge was impeded in its progress by monastic bigotry.13 Even Columbuss most basic proposition, the spherical form of the earth, was shouted down with reference to scriptural passages that seemed to imply that it was flat. A devoutly religious man, Columbus allegedly began to fear that he was in danger of being convicted not merely of error, but of heterodoxy, but stood his ground. In this key scene in Irvings book, Columbus defended reason alongside the possibilities of his personal dream, winning through against ignorance, cowardice and Christian opposition. Of course, this line of questioning was fantasy, for educated people in fifteenth-century Europe did not believe that the earth was flat, but here Irvings talent for creating living legends from Ichabod Crane to Christopher Columbus was clearly evident. His book, supposedly historical non-fiction, displays many elements of storybook romance.

Unsurprisingly, Irvings colourful biography had immense popular appeal and the first edition of ten thousand copies sold out almost immediately on its publication in 1828. Reflecting this success, Irving went on to receive many honours, including election to the membership of Spains Real Academia de la Historia (1828), the Gold Medal of Englands Royal Society of Literature (1830) and honorary doctorates from the universities of Columbia (1829), Oxford (1831) and Harvard (1832), while his work was also exploited by writers looking for information to incorporate into their own studies of Columbuss life.14 Although Irving had stated later in his narrative that the flat-earth opinions supposedly voiced by the Council of Salamanca were probably the views of but a few and were outdated for their day  thus providing himself with a get-out clause  his dramatic twist was to have a lasting charm.15

Like Chinese whispers, aspects of Irvings tale were regurgitated through the course of the nineteenth century in the work of several French writers, including Boleniuss source Alphonse de Lamartine, and the Voltairean academic Antoine-Jean Letronne. As anticlericalists, they had ideological reasons for using versions of the flat-earth myth to attack the Church for its alleged suppression of scientific knowledge. In terms of medieval flat-earth belief, Letronnes scholarly article On the Cosmological Opinions of the Church Fathers, published six years after Irvings biography, was an especially influential source for the idea that early Christians believed the earth was flat and that such views were commonplace through the Dark Ages of Western civilization.16

While such currents flowed in Victorian literature, further myth-making was under way from a much different direction. In 1837, William Whewell, a Cambridge University vice-chancellor, Anglican clergyman and the best-known historian of science of his day published his History of the Inductive Sciences, which depicted the Middle Ages as an era beset by dogma and lack of scientific advance. Later editions of the book made explicit reference to two medieval flat-earth believers as proof of this progressivist world-view.17 The first was early Christian author Firmianus Lactantius (c. 245325). Raised in Africa as a pagan (non-Judeo-Christian) in the mid-third century, St Lactantius was a rhetorician who converted to Christianity and wrote a number of books supporting the truth of his new-found faith. An eloquent writer, if incredibly biased, he attacked pagan (Greco-Roman) philosophy on manifold points, including its teaching that the earth was a globe. In the third book of his Divine Institutions (c. 30211), On the False Wisdom of the Philosophers, Lactantius ridiculed the notion of a sphere where people on the other side lived with their feet above their heads, where rain, snow and hail fell upwards, where trees and crops grew upside-down and the sky was lower than the ground. The ancient wonder of the hanging gardens of Babylon dwindles into nothing, he commented sarcastically, in comparison to the fields, seas, towns and mountains that the pagan philosophers believed to be hanging from the earth without support. The rotundity of the earth was a marvellous fiction, a lie spread by pagans for sinister motives or the sake of a jest, and as the Bible was somewhat unclear about the shape of the earth, he concluded that the subject was irrelevant anyway. Albeit strongly argued, Lactantiuss views also lacked support in any sort of sense: he was denounced by some as heretical after his death, and his obscure views had little impact on contemporary thought about the shape of the earth.18

Nevertheless, in the sixth century Lactantius was joined by Byzantine merchant and Christian monk Cosmas Indicopleustes. An obscure figure, it is said that he travelled widely  possibly to Abyssinia, Ceylon, western India and more  and earned the name Indicopleustes, the Indian traveller, as a consequence of his experiences. Around 500 he returned to his birthplace, Alexandria, and later entered a monastery on the peninsula of Sinai where he wrote his geographical and cosmological masterpiece Christian Topography (c. 548). A comprehensive description of the universe based on a literal interpretation of the Bible, the twelve books denounced pagan teaching and Christians who interpreted the scriptures allegorically to hold that the earth was a globe. Cosmas was certain that the Bible taught that it was a disc or trapezium-shaped flat surface like the Tabernacle of the Old Testament, with heaven as a chest  or altar-shaped structure above.19 However, there are only a few reasonably full manuscripts of Cosmass work in existence from the period in which he lived, and as they were not translated from Greek into Latin until centuries later it is safe to conclude that, like Lactantiuss, his radical flat-earth views had no impact in the Latin-speaking West.20

Although very few writers of the patristic period (c. first to eighth centuries) argued in favour of a flat earth, Lactantius and Cosmas were held up as typical medieval thinkers by Victorian rationalist writers who, like radical philosophes, were set on sidelining religious belief as damaging to the progress of scientific truth. From the late nineteenth century, Lactantius and Cosmas were assigned leading parts in accounts alleging that educated medieval people believed the earth to be flat. These two obscure figures were proof that the early Church had strangled scientific progress at a critical period, a crime that was only latterly being redressed. This rationalist world-view was shaped by positivism  the idea that religion is an obstacle thwarting real knowledge  while empirical data gathered via observation, experience or experiment is the only road to absolute, unquestionable truth. Such assumptions gathered pace in the wake of Darwins On the Origin of Species (1859) and subsequent evolutionary debates, for at this time authors began to use the metaphor of warfare between science and religion as the organizing principle for their books.

The battle-cry was an amplification of the reason versus superstition declaration made by some Enlightenment propagandists, one that was first aired in John William Drapers History of the Conflict between Religion and Science, published in 1874. A chemistry professor at a New York medical school, renowned for taking the first known photograph of the moon, Draper was a polemicist with an axe to grind against the Roman Catholic Church. Above all, he was concerned about the doctrine of papal infallibility and the Churchs pronouncement that public institutions teaching science were not exempt from its authority. With an agenda and a plan of attack, Drapers history attempted to show how Roman Catholicism had displayed a bitter, a mortal animosity towards science since Christianitys rise to political power in the fourth century. Draper argued that from this point until the end of the fifteenth century an intellectual night had settled on Europe as Christendom became obsessed with the merits of the saints, miracles [and] shrine-cures.21 When it came to scientific knowledge, theological hostility was supposedly evident in two distinct ways. Early Church fathers fixated on the ever-after had branded the natural world unimportant and had rejected out of hand any knowledge that contradicted a literal interpretation of the Bible.22 In its day, Drapers book was something of a blockbuster, for it reshaped the history of science into a simple plot in which the evils and ignorance of religious dogma sidetracked the march of human knowledge and the natural progress of scientific truth. The case of the early Church fathers thinking the earth was flat was further ammunition in his retrospective report on the head-to-head conflict, where science had fought religious bigotry, like some David and Goliath, to come out shining in the cause of human knowledge and the final realization of glittering truth.

The image of warfare between science and religion was as powerful as it was simplistic; indeed, its simplicity was the very source of its power, for commentators now had a clear framework in which to order the development over time of deep and difficult concepts. Rather than a disparate mass of opinions and theories, cross-currents and shifting tendencies, tidy-minded historians, journalists and popular writers now had a convenient, attention-grabbing and straightforward system in which to file the events of the past. From the Dark Ages of superstition to the Enlightenment era and modern science, the scheme could have been named progress from the past, for that was what commentators were at pains to show, and the equation of science with truth and advance, and religion with error and backwardness, served their purposes only too well.

Dramatic and attractive, Drapers work sold well, and as it did, so the books central premise was being reshaped by Andrew Dickson White, a University of Michigan professor and soon-to-be Cornell University president. Like Draper, White had personal reasons for painting a portrait of ongoing religious opposition to scientific advance. Engaged in his own battle with theological interests to found Cornell, Americas first secular higher-education establishment, White had been battered by an onslaught of innuendo and abuse from clerics defending traditions of religious control. While White crusaded for an asylum for science in the face of bitter and acrimonious personal attacks, he became increasingly fixated on the idea that the relationship between science and dogmatic religion was a battlefield where science had finally triumphed over clerical adversity.23 Despite this, unlike Draper, he did not believe that science and religion were natural enemies; for him there was at source no conflict between scientific enquiry and true religion. Rather, he branded sectarian dogmatic theology, such as the views of his clerical critics, as the arch enemy of freedom and progress, which he equated with scientific advance.24

The scene was set for his hefty two-volume History of the Warfare of Science with Theology in Christendom, finally published in 1896. The most famous expression of the warfare metaphor, this sweeping history of science from ancient civilizations to the Victorian age had all the hallmarks of a scholarly tome and was highly influential as a result. Unfortunately, Whites book was a tireless exercise in backward history, where he projected the science and religion debates of his own day (such as those over Darwinian evolution) retrospectively on to the past. The result was an exhaustive compilation of hits and misses, battles and recriminations in which medieval flat-earth thinking again played a notable role as a prime example of scriptural literalism derailing natural progress towards scientific truth.25

Specifically, White argued that the great majority of early Church fathers took fright at the idea that the earth was a globe, because it appeared to contradict scriptural teaching, and sought to crush the concept with reference to Biblical proof. Like Draper, White also drafted in scapegoats to defend his argument: he claimed that Lactantius and Cosmas (among others) were influential thinkers on cosmology whose ideas typified early-medieval beliefs about the shape of the earth. Yet, he noted with relish, the sacred theory struggled long and vigorously but in vain for ultimately the ancient germ of scientific truth in geography, the idea of the earths sphericity  still lived. By the late-medieval period, he concluded, various writers felt obliged to accept the rotundity of the earth.26 In all of this, the problem was one of emphasis: while a tiny minority advanced flat-earth arguments, Whites need to create a battle between two powerful forces to fit with his thesis of all-out warfare led him to present flat and spherical as well-matched rival theories, which was certainly not the case. The conflict model therefore led him seriously to overstate the extent of flat-earth belief, both in terms of the number of believers and the timescales involved. His set-piece concludes with the ill-judged statement: it is only as we approach the modern period that we find [the] truth [of the globular theory] acknowledged by the vast majority of thinking men, an estimate which is incorrect by twenty centuries or so.27

Nevertheless, the military metaphor employed by Draper and White was propaganda par excellence, and it seized the popular imagination at a time when Western culture was awash with the rhetoric and imagery of war. Their books turned into bestsellers, and as readers were seduced by a colourful interpretation of a dry, complex topic, historians, polemicists and popular writers likewise became inspired by this compelling idea.28 Between 1870 and 1920, warfare became the common framework for analyses of the relationship between science and religion and, as part of this, the Columbus story invented by Washington Irving was translated into hard fact. In educational terms, the damage was done. In publications from magazines to school textbooks, the idea that medieval people thought the earth was flat and Columbus discovered it was round was recycled until it became standard fare on both sides of the ocean he had crossed. Interlinked with images of warfare and Dark Ages, such stories are a hall of mirrors, a series of grotesque and distorted reflections of the not-so-distant past. Yet, like so many illusions, the image of dark days when superstitious people believed the earth was flat is intriguing, and this is one of the reasons why it remains a lingering assumption in the popular mind. The myth is all too convenient: the flat-earth idea has become shorthand for Dark Age stupidity, a handy one-liner to capture the days of yore before the Enlightenment era of progress and science. For the purposes of history, this is a straightforward narrative, one-dimensional and over-simplified but easy to digest, and the idea has a more human appeal as a way of conceptualizing science and its role in historical advance. While the earth is flat for medieval people, we can assume a sense of superiority and security in our progress from an ignorant and deluded age. Just as we know our true position on the surface of the world, we know our true place in the history of knowledge.

From religion to reason, superstition to science, these are deep waters, yet still they run through the assumption that flat-earth belief was commonplace before Columbus successfully avoided sailing off the edge of the world.29 Under these circumstances, it is somewhat ironic that, beneath these false images of science and history, flat-earth belief has a chronology far stranger than all the inventions.







Chapter One


SURVEYING THE EARTH
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Observation of the stars . . . shows not only that the earth is spherical but that it is of no great size, since a small change of position on our part southward or northward visibly alters the circle of the horizon, so that the stars above our heads change their position considerably, and we do not see the same stars as we move to the North or South . . . This proves both that the earth is spherical and that its periphery is not large, for otherwise such a small change of position could not have had such an immediate effect.


ARISTOTLE, On the Heavens (Book II, 350 BC)

BEYOND THE FAIRYTALE LAND of heroes and villains and momentous conflicts between truth and falsehood on an individual, cultural and conceptual scale, flat-earth belief can be traced back to some of the most ancient civilizations in world history. The first of these are the Sumerians and Babylonians, who inhabited Mesopotamia, the land between the Tigris and the Euphrates (the site of modern Iraq) from c. 4500 to 500 BC. Although these peoples left texts describing a range of cosmological theories  too many to speak of a single, overarching Mesopotamian world-view  they developed the idea of a tripartite universe, with the earth as a flat surface ruled by the god Enlil, sandwiched between the sky and the underworld. For the Egyptians, the same triple-decker arrangement applied, with the sky resting on four pillars, forked poles or mountain peaks rising from the corners of the flat earth beneath. While the Egyptian system differed in detail from the Sumero-Babylonian world-view, it too personified natural phenomena, representing the earth as the earth-god, Geb, lying outstretched to create the plane. The sky, meanwhile, was the goddess Nut, mother of the sun-god Re, who was depicted as a giant standing cow or a young woman arched over the earth like a canopy. And so the situation remained; while later Egyptians made voyages to the so-called land of Punt, thought to be along the coast of East Africa, and other evidence suggests that they circumnavigated the continent, such experiences had no impact on ideas about the shape of the earth. This being the case, in the eyes of the oldest civilizations for which we have records, whether in the form of Babylonian clay tablets or Egyptian papyri, the earth continued to be a flat surface of a circular or rectangular shape.1

It remained the same for the ancient Hebrews, who were flanked by the Egyptians to the south-west and the Sumero-Babylonians to the north-east, and whose cosmology resembled the assumptions of their powerful neighbours about the form of the earth. In terms of cosmology and creation, the Old Testament owes much to Mesopotamian mythology, which has led to claims that the Bible is a flat-earth book.2 Although the scriptures do contain disparate passages relating to cosmology they are not a systematic study of the heavens, however, rendering any presentation of a Biblical world-view a patchwork of statements scattered through books written over several centuries. Nevertheless, it had been claimed that the Bible presents a reasonably clear and consistent view of a tiered universe based on the Sumero-Babylonian model. In this system, the cosmos consists of the vault of heaven (shamayim), or firmament, containing the sun, moon and stars (Genesis 1:1417). The Bible teaches that these heavenly bodies move across the stationary earth (Psalms 19:17), while the firmament rests on pillars or mountains (Job 26:11) rooted in the flat earth below. Beneath the earth lies the underworld, Sheol, seen as the abode of the dead (Numbers 16:2834; I Samuel 28:1315; Isaiah 14:911; Ecclesiastes 9:10). The earth, which is generally depicted as an immovable disc or circle (Job 26:10), supported on water (Psalms 24:2) or in empty space (Job 26:7), is bordered by a protective barrier, probably a mountain range. As for its shape, it is generally spoken of as a flat disc, so that if one travelled far enough one would eventually arrive at the ends of the earth (Deuteronomy 13:8, 28:64; Isaiah 5:26; Psalms 135:7). Within this scheme, the four corners of the earth (Isaiah 11:12, Ezekiel 7:2) might refer to distant regions, unless taken literally, when the earth could be considered rectangular or square.3

Flat-earth belief was also prevalent in Ancient Greece, details of which are provided in the writings of Aristotle (38422 BC), who had a habit of reviewing his predecessors opinions as a precursor to demolishing them with his own. His cosmological treatise On the Heavens (350 BC) provides a useful, if polemical, survey of opinions dating from Thales, the Ionian geometer, astronomer and engineer (c. 625c. 547 BC), in the sixth century BC.4 The first speculative thinker of the Ionian school, he believed the earth was a circular disc floating like a piece of wood on the world (meaning universe) ocean, while his pupil or younger associate, Anaximander (c. 611c. 545 BC), argued that the earth was a cylindrical column floating upright in air in the centre of the universe. According to Aristotle, Anaximander believed that this column was three times as broad as it was high with humankind inhabiting the flat uppermost surface.5

Meanwhile, the third philosopher of the Ionian school, Anaximenes (c. 585525 BC), is reputed to have believed that the heavenly bodies were flat, and likely thought the same of the earth, although the precise details of his view remain unknown. Indeed, when dealing with pre-Socratic thinkers  each of whom seemed to design his own cosmological system but left no writings  we are reliant on fragments for clues about a number of complex views. Yet in terms of who knew what, when and how, the Ionian school has been credited with being the first to practise a broadly philosophical and naturalistic way of looking at the world; that is to say, they began to ask a new range of questions about nature in terms of its phenomena, its composition and the way that it worked. Thales and Anaximander began to think of the world as an orderly, unitary whole that was worth investigating for its own sake, beyond its role as the realm of gods, and they looked further than Zeus and his cohorts for explanations about the way things worked. Here, then, are traces of the beginnings of what we now know as science and philosophy, although religion and astrology continued to play a central role in and around new lines of enquiry, meaning that shifts were exceedingly gradual and sporadic. The same may be said of the development of ideas concerning the shape of the earth.6

It was not until the late sixth century BC that the flat-earth thinking that had dominated world-views for several millennia was to take a more radical turn through the teachings of the Pythagoreans. A much-mythologized philosophical school, it was based at the other extremity of the Greek world from the Ionians, in the thriving city of Croton in what is now southern Italy. Its leader, Pythagoras (582500 BC), the most famous mathematician in Ancient Greece, was the son of a silversmith and gem engraver and later a pupil of Thales and Anaximander at Miletus. Having travelled in Babylonia and Egypt, at some time around 530 BC, Pythagoras settled at Croton where he established the Pythagorean brotherhood, a large, close-knit religious community that held extensive political power in its hometown and the surrounding area, Magna Graecia (Greek-governed southern Italy). While Pythagoras appears to have been a visionary who, according to Athenian philosopher Plato (c. 427c. 347 BC), taught a whole way of life, in the absence of writings it is impossible to extricate his ideas from those of his followers in a school of thought that was bound by confidentiality and which undoubtedly developed its doctrines over something in the region of two centuries. Among an abundance of ideas that have been ascribed to the Pythagoreans or Pythagoras himself are a focus on purification and the practice of silence, the belief in a mystical union with all living things and the immortality and transmigration of the soul, along with a veto on various activities, including leaving a cooking pots imprint visible in the ashes of a fire and standing on ones own toenail clippings. Best known, however, is Pythagorass teaching that number lies at the heart of all things; it is the realm of eternal perfection and absolutes of which all things are composed. The contemplation of geometrical forms and patterns was believed to allow the mind to surpass the earthly appearance of reality and engender a connection to the divine, although again there is no certainty about exactly what Pythagorean number-related teaching involved.7 As a whole, Pythagorean philosophy seemed to be based on a vision of mystical unity in nature, with number at the root of all things, from the theorem governing right-angled triangles (the square of the hypotenuse is equal to the sum of the squares of the two other sides) to those governing rhythm and acoustics in music  the connection between the pitch of a note, for example, and the length of a string.

In a religious world-view based on numbers and measurement, shapes and sizes, patterns and unity, heavenly movements and the shape of the earth were obvious sources of interest as natural manifestations of the divine. It has been suggested that Pythagoras learned the basics of his astronomy and mathematics from his travels in the East, but whatever the case, when it comes to ideas about the shape of the earth, a feature at the heart of traditional histories of science is entirely bypassed. While Pythagoras, or the Pythagoreans, are generally credited with being the first to argue that the earth is a globe (although doubtless someone suggested the idea before), it is ironic that the name of the first individual discoverer of one of the most basic scientific facts is a mystery. All that can be said is that the Pythagoreans believed that the earth was a globe floating freely in space because the sphere was the perfect shape. In addition, it is impossible to say how readily this doctrine was accepted outside their school, in educated circles or through society as a whole. Importantly, post-Pythagorean philosophers, most notably Anaxagoras of Clazomenae (497428 BC) and the atomists Leucippus of Miletus (fl. 440) and Democritus of Abdera (c. 460 BCc. 370 BC), were still arguing that the earth was disc  or drum-shaped in the fifth century BC.8 That said, Pythagorean speculations brought into play the idea of a spherical earth and were to have a profound influence on Plato. By the time his pupil Aristotle was writing, later in the fourth century BC, the globe concept seems to have become widely accepted among educated people.

In this way, the three-tiered earth, heaven and underworld system of Near Eastern cultures gradually faded from view, replaced by visions of a spherical earth and an all-encompassing sky. Undoubtedly, changing perceptions were bolstered by practical, cultural and environmental factors, particularly that the Ancient Greek world was surrounded by sea. It has been suggested that the cultures consequent geographical knowledge and maritime experience may have triggered the switch from the world-view prevalent in the literal and metaphorical flatlands of Babylonia and Egypt.9 Certainly Aristotle invoked the proof of ships disappearing over the horizon, hull before masts, along with the earths circular shadow on the moon during a lunar eclipse and the different appearance of stars when viewed from different latitudes, to support the contention that the earth was a globe in his book On the Heavens. The mainstream consensus, all of the renowned Greek writers, from Plato to Eudoxus (c. 375 BC), Euclid (c. 300 BC), Aristarchus (c. 310230 BC) and Archimedes (287212 BC), accepted a globular earth, while Aristotles geocentric cosmology  centring on an immobile sphere at the centre of the universe with the planets moving around it in perfect concentric circles  was to dominate Western cosmological thinking until the work of Copernicus and Galileo nineteen centuries later.10

With consensus reached on the shape of the earth, focus shifted to estimating its size. By the fourth century BC, Aristotle reports, efforts had already been made to calculate the circumference  perhaps by the different positions of the stars when viewed from different latitudes  which had resulted in the oldest existing estimate at 400,000 stadia. If a stade is taken to be c. 500 feet (a moot point because measurements were not standardized), this would give a figure of 39,000 or 40,000 miles at the equator.11 Further estimates followed and by the third century BC we have details of an experiment to measure the globes diameter. The test was undertaken by the Greek polymath, Eratosthenes (c. 276c. 194 BC), director of the famous library in the museum of Alexandria, then the Egyptian capital and centre of Hellenistic culture and learning. Essentially, he is said to have noticed that at noon on the summer solstice the sun was directly overhead at Syene (present-day Aswan) because a vertical pointer cast no shadow and the suns rays shone to the bottom of a deep well. At the same time in Alexandria, which Eratosthenes believed to be 5000 stadia (approximately 530 miles) due north, the sun made an angle equivalent to one-fiftieth of a circle or 7.2 degrees to the vertical. Assuming that the suns rays are basically parallel, Eratosthenes then used geometry to calculate the earths circumference to 250,000 stadia, possibly somewhere in the region of 29,000 miles.12 Although there were flaws in Eratostheness data, and the exact length of a stade, or stadium, is unknown, his estimate for the earths circumference is not far from the present-day value of approximately 24,860 miles.

Mathematicians continued to estimate the size of the earth, while they also focused on cracking a puzzle on a much larger scale: explaining their geocentric vision of the universe, or how the planets moved around the central, immovable and, of course, spherical earth. In the second century, the theories and findings of six centuries of astronomical research were finally drawn together by the Greek geographer, mathematician and astronomer Claudius Ptolemy (c. 13075), in his encyclopedic compilation of ancient knowledge Syntaxis, commonly known by its Arabic name Almagest or the greatest. Compiled from the archives of the library at Alexandria, where Eratosthenes had earlier been based, the books name was fitting indeed, for the theories of Almagest remained the mainstream for Arabic and Latin civilizations until set aside in favour of the heliocentric, or sun-centred, solar system proposed by Copernicus in the mid-sixteenth century. The Ptolemaic system was essentially a more complex version of the Aristotelian system, with adjustments to account for variations in the observed distances of the planets from the earth. By late antiquity, the Aristotelian-Ptolemaic system of circles and spheres, cycles and epicycles, dominated perceptions of the heavens, with a static spherical earth placed in the centre. Moreover, in common with Aristotle, Ptolemys Almagest provided a number of sensible (sense-related) proofs for why the earth must be this shape.13

With the earth established as spherical for a number of centuries, the question becomes the survival and dissemination of the idea. Although factors surrounding the gradual disintegration of the Roman Empire (180450) caused many works of classical antiquity to be lost to the Latin-speaking West, including Aristotles On the Heavens and Ptolemys Almagest, a few significant texts were translated into Latin from the original Greek. Such works included a partial fourth-century translation of Platos cosmological treatise Timaeus, which, albeit primitive by later Greek standards, reflected a globular view of the earth. The book was to serve as a principal cosmological authority alongside the work of popular Roman writers Pliny the Elder (c. 79), Macrobius (c. 400), Martianus Capella (c. 420) and Boethius (c. 480524), all of whom helped the Ptolemaic view of a spherical earth to survive in the Christian West without any input from the Islamic world.

Although the earth and its shape or size were not focal points for education or research, Christianity had a critical role in preserving and spreading the scientific knowledge that had survived from Greco-Roman times. Of particular importance was the study of the quadrivium, the study of four liberal arts  arithmetic, geometry, astronomy and music (often accompanied by medicine)  which took place in monastic and cathedral schools between the fifth and twelfth centuries and further disseminated knowledge of the spherical shape of the earth.14

Although Christian flat-earthism was a favourite theme of Dark Age promoters and warfare polemicists Draper and White, early Church fathers were not Biblical literalists who believed that the Bible was the only authority on the natural world or that the earth was a plane. The majority accepted that it was a globe, took the scriptures allegorically or simply sidestepped the issue and any associated controversy. However, there are always extremists in any field, and Lactantius and Cosmas Indicopleustes were joined in the promotion of Bible-based flat-earth belief by an atypical few, most notably Severianus, Bishop of Gabala (c. 409), and his contemporary, one-time Bishop of Constantinople, St John Chrysostom (344408). Some detractors founded their argument on scriptural passages such as those referring to the four corners of the earth, while others were also keen to denigrate pagan (pre-Christian) culture, including the teaching that the earth was a globe. Among a number of radical flat-earth arguments, the most common was the fable of the Antipodes  that there could not be an undiscovered side of the earth where crops and trees grew upside-down and people walked with their feet above their heads. The term Antipodes (podes being Greek for feet) was coined by Pythagoras and means feet pointed in a direction that was opposite or people with their feet turned towards ours. For flat-earth advocates, the idea of the Antipodes was absurd so they reasoned that the earth must be flat.

The problem for the majority of theologians, meanwhile, was not the existence of the Antipodes, or the associated fact that the earth was a globe, but rather the idea that people could live on the other side of the sphere. This concept of an inhabited Antipodes was opposed on a variety of grounds: it conflicted with Christian belief in the unity of the human race, descended from Adam and Eve, and the consequent universality of original sin and redemption to be resolved on Judgement Day. If there was another race living in the Antipodes, how had they got there, how could they have received the Word of God (if the Apostles were instructed to preach the Gospel to all nations) and why did the Bible not mention them? These questions were bolstered by a more practical point. Even ancient mariners had experienced an increase in temperature as they neared the equator and the fact that no one had ever voyaged into the southern hemisphere was translated into the idea that the equator was too hot to cross and the other side of the earth too sultry to be inhabited. (It was these assumptions, along with those about the distance involved, that underpinned questions about Columbuss voyage, rather than concerns that he would sail off the edge of the earth. At a time when no one was certain just what proportion of the world was land and what was sea, the revolutionary aspect of Columbuss endeavour lay in putting theoretical knowledge to a practical test.)15

Arguments about whether people lived in the Antipodes had no impact on mainstream acceptance of a spherical earth, and all of the most widely renowned and distributed authors of the early medieval period were in firm agreement on the point. They included St Augustine (354430), Bishop of Hippo in Roman-controlled North Africa (now Annaba, Algeria), who confirmed his belief in a spherical earth in a number of his writings. However, like many early Christian writers, St Augustine was far more concerned with the spiritual than the natural world, and with the Church and eternal salvation at stake, questions such as the shape of the earth faded into comparative insignificance. His emphasis on an allegorical rather than literal reading of the scriptures naturally extended to the shape of the earth, and he argued that depictions of a flat earth with the sky spread over it like a tent were simply metaphors or figures of speech.16 But where he argued most vociferously was on the Antipodes issue for, like the majority, St Augustine was convinced that people could not live on the other side of the globe because the Bible speaks of no such descendants of Adam, does not mention any preaching of the gospel in that region and Antipodeans would not be able to see Christ come down to earth when he returned on Judgement Day. While St Augustine believed the earth was a globe, he followed many of his contemporaries in asserting that men were confined to the oikoumene, the inhabited portion of the earth, and it was impossible for anyone to cross the immense expanse of ocean that surrounded this, the known world.

In the sixth and seventh centuries, St Augustines stance on the shape of the earth was supported, albeit vaguely, by the most popular encyclopedist of the era, St Isidore of Seville (died in 636), and more directly by the so-called father of English history, the Venerable Bede (673735). Along with St Ambroses and St Jeromes, their work was standard educational fare in monastic and cathedral schools and libraries, and so, too, was the lesson that the earth was a globe. As monks or those taught in monasteries constituted much of the educated class in early medieval Europe, the spherical consensus of the Greeks  represented by Plato, reflected by Pliny, St Augustine, Bede and others and disseminated through theological channels  survived, despite the objections of an extreme few.

From the twelfth century onwards, the situation became clearer still, when Latin translations of works from Greek antiquity, along with Arabic and Jewish scholarship, gradually became available in the West. The intellectual impact of such waves of translation is inestimable. Complete versions of Ptolemys Almagest, Aristotles Physics, Metaphysics, Meteorology, On the Heavens and more opened up a whole new vista of ideas, methodologies and technical know-how, ready for integration into the curricula of the new universities that were being established around Europe. In this context, astronomia (astronomy) was a branch of philosophy, rather than an area for study in its own right, but with geometry and geography it was a compulsory subject taught as part of the standard university curriculum focusing on the seven liberal arts.17 In educated circles, Ptolemys Almagest and Aristotles On the Heavens, complete with discussion and proofs of a spherical earth, gradually displaced Platos Timaeus as the key cosmological treatises of the age. With important exceptions (not least about the creation), aspects of Aristotles work was accepted by medieval theologians as the standard guide to the natural world.18 Writ large, the relationship of natural philosophy and religion was one of complex interaction, assimilation, reconciliation and interchange, rather than outright suppression or unmitigated dispute.19

From the twelfth century onwards, the flat-earth concept is almost a non-issue, so prevalent are written and visual images of a spherical earth. From the most popular astronomical text of the Middle Ages, John of Sacroboscos On the Sphere (De sphaera, c. 1250), to the work of scholastic philosophers such as Thomas Aquinas (122574) and Jean Buridan (130058), not to mention Dantes Divine Comedy and the royal earth orb held by medieval kings, culture was suffused with images of terra rotunda to such an extent that serious promulgation of flat-earth belief would become little more than a waste of time. The only remaining cause for confusion is medieval mappae mundi, or maps of the world. Until the fifteenth century the most common variety of world map was the T and O type, which seems to depict the earth as a flat disc consisting of a central T-shaped landmass with Asia at the top of the T, Europe in the bottom left area and Africa to the right, surrounded by an O-shaped ring of sea. To twenty-first-century eyes, these maps present strange and frequently beautiful images, decorated with mythical beings and sea-monsters in hand-painted colour embossed with gold, yet they were not intended as literal representations of the world. Unlike modern-day maps, with a more functional purpose, medieval mappae mundi were symbolic depictions of the known inhabited portion of the sphere, the T-shaped oikoumene, which was confined to the northern hemisphere because, although, like St Augustine, they were aware that the earth was a globe, monastic map-makers believed the Antipodes were uninhabitable and not worth including on their maps. With a focus set on conveying moral meaning to the illiterate masses, medieval cartographers represented the earth in its religious, political and spiritual aspects rather than in strictly geographical terms. Consequently, their maps featured images of Christ and kings, towers and turrets, Adam and Eve and the Garden of Eden, with Jerusalem placed at the centre of the world to highlight its place as the metaphysical rather than literal heart of the world.20

With flat-earth belief firmly consigned to the ancient past, from the mid-sixteenth century, debate became concentrated on the supposed position and motions of the terrestrial sphere. Central to this development was the work of Polish astronomer Nicolaus Copernicus, who published On the Revolution of the Celestial Orbs in 1543. Shockingly, the book challenged the Aristotelian-Ptolemaic vision of a geocentric (earth-centred) universe, an idea that had dominated astronomy for approximately 1800 years. As an alternative, Copernicus posited a heliocentric (sun-centred) system, whereby the earth became just another planet in orbit round the sun, rather than the fixed centre of the universe as the subject of Gods special creation. In 1616, mindful of the potential impact on Biblical interpretation, the Catholic Church banned books that argued in favour of the motion of the earth. Nevertheless, the Copernican thesis was explored and expanded by German mathematician Johannes Kepler, who discovered that the planets do not trace a circular course round the sun, as Copernicus had thought, but instead move in ellipses. Meanwhile, in Italy, Galileo Galilei was using a telescope to make a number of discoveries that contradicted the Aristotelian system with empirical proof of a Copernican sun-centred universe.

Most widely lauded in later popular imagination, however, was Cambridge-based mathematician Sir Isaac Newton, whose classic works, the Principia (1687) and Opticks (1709), underpinned the marriage of mathematics with astronomy. Fundamentally, Newton presented the world with a rational, well-regulated cosmological system; from the analysis of observed facts he seemed to impose order and regularity with general principles such as the three laws of motion and the principle of universal gravity. On the earth itself, Book III of the Principia provided theoretical proof that it is not a perfect sphere but an oblate spheroid that bulges at the equator due to its rotation, a result confirmed by French expeditions during the eighteenth century. Yet Newtons findings were applied far beyond geodesy and astronomy, exceeding even the realms of natural philosophy. Throughout the eighteenth century aspects of his work were adopted as key features of Enlightenment thinking: French philosophes like Voltaire were gripped by the possibilities it seemed to promise. Nature appeared to be reasonable, operating by laws that were waiting to be uncovered by the rational observer. Inspired by the idea, thinkers assumed that man, as part of nature, must be the product of similar principles. The ramifications of this were staggering, some philosophes supposed, for if overarching laws could be discovered in the external world around us, then why not in human beings and society as a whole? Spurred on by their interpretation of Newtons work, their attempt to find fundamental laws was translated from mathematics and astronomy to ethics and morality, while the path to such discovery was believed to be reason.

Henceforward, the philosophes proclaimed that the study of human society should be characterized by scientific methods; it was believed that careful observation and the collection of empirical data, rather than the contemplation of abstract principles, could uncover the laws governing human existence.

Armed with this new-found confidence to discover causality, radical thinkers promoted the idea that humankind was no longer at the mercy of strange forces beyond its comprehension. In some philosophical circles, scepticism was paramount and French Enlightenment thinkers, keen to identify themselves as modern and revolutionary, attempted to banish irrational beliefs of the supposed Dark Ages to the shadows.21 In this there was a great irony: Newton  Protestant, Bible scholar, astrologer and alchemist  viewed science, philosophy and theology as inseparable components of one great whole. While many chose to promote a materialist Newtonian image of a mechanical, clockwork universe (in itself first promoted by French philosopher, Ren Descartes), Newton had not removed God from the equation: he believed that the Deity intervened in his creation from time to time.22 In fact, the approach common to Newton and his contemporaries was much different from what we now understand as science; Natural Philosophy was a diverse corpus of ideas and practices that would seem arcane, alien and peculiar to scientists practising today.23 But Newtons personal religious views or the realities of natural philosophy were beside the point for philosophes with a radical, secular goal in mind. In their efforts to popularize Newtons achievement, Voltaire and his disciples glossed over the religious, astrological and alchemical aspects of his work in keeping with their programme of sweeping social reform.

Through the eighteenth and early-nineteenth centuries, authors, savants and travelling lecturers shouldered the task of disseminating accessible versions of Newtons work to educated audiences in England and abroad. It was a weighty undertaking: among many rival cosmologies, Newtons achievements were immense and few possessed the technical knowledge to fathom fully their profundity and magnitude. It has been estimated that around the time the Principia (1687) was published, it was read from cover to cover by less than a hundred contemporaries and fully understood by just a fraction of those.24 Speakers confronted this issue by boiling down Newtons work into more easily digestible versions,25 while the coffee-houses and academies of Europe provided platforms for the explanation and popularization of these Newtonianism(s). In the eighteenth-century heyday of the popular astronomy lecture, lay audiences were entranced by what the speakers revealed. The exploitation of visual aids  models, orreries, simple demonstrations and illuminated lantern slides  could render such occasions both exciting and sublime, while expositions, dictionaries, handbooks and fictionalized accounts became important channels for the dissemination of key ideas.26

Just as Newtons work was reconstituted and sold to the public so, too, were his manuscripts, his scientific instruments and even locks of his hair, fuelling a phenomenon that raised him to the status of secular sainthood. While this thirst for objects  for a piece of Newton  fed burgeoning trends of commemoration and reverence, his image, literal and figurative, was being carved by craftsmen and savants across England and beyond. As sculptures, engravings and death masks were bought and sold, haggled and competed over by collectors and memorabilia hunters on the Continent, authors and lecturers presented Newton as the epitome of the high-principled scientific genius who had provided a faultless demonstration of how the scientific method of observation and experiment could uncover the truth about the external world.27 As with Darwinism centuries later, Newtonian astronomy was customized, re-presented and co-opted to support a diverse range of interests. Criticisms were advanced and the dissemination of its ideas was patchy, but the principles and practices it embodied grew to have a massive impact, lasting through the eighteenth century and beyond.

By the 1830s, ideas about the earth and its creation were also shifting rapidly, and the apparent divergence between a literal interpretation of Genesis and scientific findings, especially from the groundbreaking new field of geology, was the subject of extensive discussion and controversy. While medieval theologians had not interpreted Genesis word for word, seventeenth-century churchmen and scholars had begun to promote a literal reading of the Bible. When understood in this way, Genesis seemed to describe the creation as a series of sudden, miraculous, God-inspired events that could have occurred as recently as 4004 BC, according to one well-known estimate. According to the Bible, this episode had supposedly established a fixed and unchanging natural order, a great chain of being from God to man to the lowest life forms. By the nineteenth century, however, this system was being brought into question by the flourishing young science of geology. Within this field, new techniques enabled the surveying and mapping of strata and their fossilized contents in chronological order, an innovation connected with amateur geologist William Smith, the first to work out the correct succession of strata in England and Wales. While establishing boundaries between various stratigraphical systems (Silurian, Devonian and so on) subsequently caused much dispute, debate was also simmering about the age of the earth. In his book Theory of the Earth (1795), Scottish geologist James Hutton had argued that it was created by a never-ending cycle of slow changes over an extensive period of time. One of many competing theories at the time, the majority favoured an alternative model  catastrophism  which held that the earth and the whole work of creation were produced by violent, sudden change. This theory was challenged in the 1830s, when Huttons steady state model of the earths history, known as uniformitarianism, was fully articulated by barrister-turned-geologist Sir Charles Lyell in his controversial three-volume Principles of Geology (183033). This book showed how ever-present change operated through agents
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