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PREFACE


What is Flatland, and why should it be annotated?


Flatland is a work of scientific fantasy written by the English clergyman and headmaster Edwin Abbott Abbott and published in 1884. It is a charming, slightly pedestrian tale of imaginary beings: polygons who live in the two-dimensional universe of the Euclidean plane. Just below the surface, though, it is a biting satire on Victorian values—especially as regards women and social status—and an accomplished and original piece of scientific popularization about the fourth dimension. And, perhaps, an allegory of a spiritual journey.


It deserves to be annotated because, just as Euclid’s plane is embedded in the surrounding richness of three-dimensional space, so Flatland  is embedded in rich veins of history and science. Investigating these surroundings has led me to such diverse quarters as The Good Grave  Guide to Hampstead Cemetery, phrenology, ancient Babylon, Karl Marx, the suffragettes, the Indian Mutiny of 1857, the Gregorian calendar, Mount Everest, the mathematician George Boole and his five remarkable daughters, the Voynich manuscript, H.G. Wells’s The Time Machine, the “scientific romances” of Charles Hinton, spiritualism, and Mary Shelley’s Frankenstein.


I first read Flatland in 1963 as an undergraduate newly arrived at the University of Cambridge (England) to study mathematics. I enjoyed it, added it to my science fiction collection—it fits a broad definition of the genre—and forgot about it. Years later, I reread it, and the idea of a modern sequel began to form in my mind. I wasn’t the first person to think of that, or to do it, but recent advances in science and mathematics made it easy for me to invent a new scenario. The result was Flatterland, whose genesis I have related in its own preface. While Flatterland was being readied for publication, my editor Amanda Cook at Perseus Books came up with the idea of a companion volume—a republication of the original Flatland, with added annotations.


I started with the idea that I would focus mainly on the mathematical concepts that Flatland uses or alludes to, so the writing ought to be simple and straightforward. But when I began looking into the life and times of its author, his associates, and the scientific and cultural influences that led up to the writing of Abbott’s unique book, I was hooked. My amateur-historian investigations led into ever more fascinating byways of Victorian England and America, and I began to rediscover many things that are no doubt well known to Abbott scholars but are far from common currency.


At first, I was concerned that I might not be able to lay hands on the necessary material. But a glance at one of the more obvious and accessible sources, Abbott’s entry in the Dictionary of National Biography, brought to light a curious coincidence. Abbott’s professional life revolved around the City of London School; he is its most famous headmaster, a post that he took up in 1865. Now, there exists in London an institution called Gresham College. It was founded in 1597 with a legacy from Sir Thomas Gresham (1518/19–1579), originator of Gresham’s Law (“Bad money drives out good”) and founder of the Royal Exchange in 1566– 1568. Gresham was a philanthropist, and his will instructed the Mercer’s Company (one of the livery companies created by King Richard II) and the city of London to “permit and suffer seven persons by them from time to time to be elected and appointed . . . sufficiently learned to read . . . seven lectures.” Gresham College has no students—only the general public—and until recently it appointed seven professors, in astronomy, divinity, geometry, law, music, physics, and rhetoric. To these have been added an eighth: commerce.


Anyway, between 1994 and 1998 I was the Gresham Professor of Geometry. The first such was Henry Briggs (1561–1630, appointed in 1596), the inventor of “natural” logarithms. The others have included Isaac Barrow (1630–1677, appointed 1662), who recognized that differentiation and integration, the two basic operations of calculus, are mutually inverse; Robert Hooke (1635–1703, appointed 1664), who discovered the law of elasticity named after him, suggested that Jupiter rotates, and laid the early foundations of crystallography; and Karl Pearson (1857–1936, appointed 1890), one of the founders of statistics. The college is still funded by the Mercer’s Company and the city of London. The city also has a long-standing interest in the City of London School, and as a Gresham Professor I had lectured at its sister institution, the City of London School for Girls (founded in 1894). Thus I had an easy introduction to Abbott’s professional home. The City of London School had been badly damaged in World War II and had moved to new premises; I wrote a letter asking whether it still had any Abbott documents, pictures, or other information. In response, Head Porter Barry Darling sent me a history of the school (City of London School by A. E. Douglas-Smith), which contained extensive information about Abbott, and invited me to visit and look through the school’s archives.


A week later, I was ushered into a small, rather disorganized room lined with shelves and crammed to the ceiling with old books, magazines, photographs, and bound volumes of letters. On the top shelf, tucked away in one corner, was an almost complete collection of Abbott’s books, including a rare first edition of Flatland. (I knew that a second, revised edition had followed hard on the heels of the first because the preface to that second edition says so. What had he changed? Now I could find out.) I went away with a stack of photocopies and with three framed photographs of Abbott at various stages of his career, lent to me for copying. I had his obituary in the school magazine, a review of Flatland in the same journal, samples from geometry texts used by the school in Abbott’s day, extracts from his publications, and even a copy of his letter of resignation.


Of course, the Abbott scholars had been there before me, but even so, I felt like Sherlock Holmes hot on the trail of Moriarty.


Other sources now came into their own. I could surf the Net because I had some idea of what to look for. Entering “Flatland” into Yahoo turned up thousands of sites about off-road vehicles, but “Edwin Abbott Abbott” was much more helpful. An article by Thomas Banchoff (the leading expert on Abbott, currently working on a biography) explained the crucial connection to Charles Howard Hinton, whose wild but ingenious speculations about the fourth dimension undoubtedly inspired Abbott’s fable. A conversation with a colleague, Bruce Westbury, in the Warwick University mathematics common room, put me on to the four-dimensional mathematics of Alicia Stott Boole. As a science fiction aficionado, I already knew that H. G. Wells had used four-dimensional geometry in The Time Machine. Now the Web turned up a brilliant historical survey by the science fiction author Stephen Baxter, and another by James Beichler, linking Wells to Hinton. Rudy Rucker’s The Fourth Dimension opened up dozens of further leads . . . and so it went.


What is the purpose of an annotated edition? Martin Gardener, in the classic among all such books, The Annotated Alice: The Definitive Edition, put it this way: “I see no reason why annotators should not use their notes for saying anything they please if they think it will be of interest, or at least amusing.” Which is exactly my feeling. Accordingly, I pursued trails wherever they led and reported anything that seemed to fit the overall story. The most extreme case is a series of associations that links Abbott to Mary and Percy Bysshe Shelley, Lord Byron, Augusta Ada Lovelace, Charles Bab-bage, Sir Edward Ffrench Bromhead, George Boole, Mary Boole, Charles Howard Hinton, Alicia Stott Boole, and the Dutch mathematician Peiter Schoute —with a side branch to the science fiction writer H.G. Wells.


Something important emerges from such chains of connections: Victorian England was a tightly knit society. The intellectuals all knew each other socially, traded and stole each other’s ideas, and married each other’s sons and daughters. It was an exciting period of scientific and artistic discovery, for the staid and repressive attitudes of the Victorian era were sowing the seeds of their own destruction. Abbott knew many of these people—most of them more colorful than he was—and they influenced his thinking in profound ways. It’s been fun ferreting out their stories. For example, along the way I discovered that I once held the same job as Abbott’s mathematics teacher—but 146 years later.


As a strictly amateur historian, I know that I will have made some mistakes, misinterpreted some events, or left out some vital items of information that are well known to all the experts. This happens with any book; it is virtually impossible to track down all the relevant documentation, all the names, all the dates. (I’ve been moderately obsessive about giving dates for almost everything and everybody —except for minor figures—because the timing is so crucial in this kind of investigation. When I am not sure of a date, I’ve either followed the date with a question mark or omitted it.) Hence I invite anyone who has constructive criticisms, useful observations, wild theories, or new information to e-mail them to Flatland@JoatEnterprises.co.uk. I can’t promise you a reply, though I’ll do my best, but I do promise that I’ll take note of anything I think is interesting. And when it is time to prepare a new edition, I’ll make the necessary changes.


I also promise that nearly everything I say is true—or, if it’s an opinion, plausible. I’ve tried to do my historical and scientific homework. I hope you’ll come to agree with me that there is so much more to Flatland than meets the eye, even if it is a world of only two dimensions.


Coventry, May 2001






















INTRODUCTION



In mathematical and scientific circles, Edwin Abbott Abbott is known for one thing and one thing only: his mathematical fantasy Flatland. To his contemporaries, however, he was renowned as a teacher, writer, theologian, Shakespeare scholar, and classicist. His entry in the Dictionary  of National Biography occupies more than two double-column pages, yet Flatland is not mentioned.


Abbott was born in London on 20 December 1838. His unusual double-barreled name arose in part because his father Edwin Abbott (1808–1882) married a first cousin, Jane Abbott. Abbott (from now on this name will refer to Edwin Abbott Abbott) was educated at the City of London School, starting in 1850, and he showed early talent. There he met another pupil, Howard Candler, who became a lifelong friend. He studied mathematics under the brilliant but eccentric Robert Pitt Edkins (?–1854). (In 1848 Edkins was appointed Gresham Professor of Geometry, which underlines the close connections between Gresham College and the City of London School and explains in what sense I have had the same job as Abbott’s mathematics teacher.) In 1857 Abbott won a scholarship to St. John’s College at the University of Cambridge to study classics. There he made brilliant progress: He was senior classic and senior chancellor’s med-alist in 1861 and was elected a fellow of the college in 1862 (and an honorary fellow in 1912). In 1863 he married Mary Elizabeth Rangeley, daughter of the Derbyshire landowner Henry Rangeley, resigning his college fellowship to do so. He was ordained a deacon in the Anglican Church in 1862 and became a priest in 1863.


Although Abbott had the intellectual ability to become a first-class university academic, his interests lay elsewhere: He was an enthusiastic and capable educator, and he spent most of his professional life as a teacher. His first teaching post was as an assistant master at King Edward’s School, Birmingham, in 1862. He moved to Clifton College in 1864, but in 1865 he returned to his old school, the City of London School, as headmaster. At the time he was only 26 years old and had the difficult task of presiding over a substantial number of much older teachers who had taught him when he was a pupil, some of whom had also applied for the headship. He won their respect and became the school’s best-known headmaster. He remained at the school, as head, until his retirement in 1889. His reputation was such that he was repeatedly urged to accept the headmasterships of such major “public” schools as Rugby, Marlborough, and Wellington. (England’s public schools were, and still are, privately owned, and they cater mainly to the children of the upper classes. The name, which arose in the eighteenth century, indicated that they drew their pupils from the country as a whole, not just from their local area.) Balliol College, Oxford, tried to secure him as a theology lecturer. “I am so bothered and bullied,” Abbott wrote to his close friend Howard Candler; refusing all offers, he remained at the City of London School.


Abbott was an outstanding teacher. He was a small man, but he used his piercing eyes and sonorous voice to good effect. R.S. Conway, in an obituary in the Manchester Guardian, wrote,




One of Abbott’s commonest methods of dealing with a muddled answer was to turn to another boy and bid him repeat the explanation given; and when it appeared that the muddle had produced a still worse muddle in the second boy’s mind, Abbott would look back to the first boy and say “You see how far you have made him understand.” If a clever boy at the top [of the class] gave an answer which was correct but too brief or too technically worded to be readily understood, he would say “Yes, yes, all very well; but think of the boy down there at the bottom.” When Jones made a mistake in the construing, Abbott would turn sharply and say “Correct that, Brown,” and when, as often happened, Brown produced a merely satisfactory version which did not make clear where Jones had gone wrong, Abbott would say: “No, no, what was his mistake? Tell him his mistake.”





Abbott was a tireless worker, typically getting up at 5 A.M. so that he could write—on Latin, English, theology, and other topics—before starting his day at the school. Under his direction, the school became one of the best in the country. Although his own background was classics (Latin and Greek), he made sure that the curriculum included sustantial amounts of English literature, especially Shakespeare. When H.C. Beeching credited Mortimer with introducing English literature to the school, Abbott set him straight:




[D]on’t say that Dr. Mortimer introduced the study of English Literature. For he did not. I was some six or seven years in the School and never was taught a word of it. . . . The study of English Literature was introduced by ME, with Seeley’s aid and impulse.







[image: i_Image3]

EDWIN A. ABBOTT IN HIS PRIME.
Inscribed “W. & D. Downey, 57 & 61, Ebury St., London.”







The boys had to study one Greek and one Shakespearean play every term. On “Beaufoy Day,” when the prizes were awarded, it became traditional to have recitations from Shakespeare; under Abbott these developed into dialogues and eventually the performance of entire scenes. Unusually for that period, Abbott also emphasized the importance of science, making chemistry a compulsory subject for all pupils. Mathematics, too, was given prominence and was taught to a high level. Abbott taught classes in comparative philology—the relationships among different languages—and the really enthusiastic pupils got a dose of Sanskrit. In 1878 Abbott even introduced shorthand as an optional subject, after the School Committee had seen a shorthand Bible written by E. H. Hone.


Abbott was an effective administrator, and he built the school up from one of ordinary stature to one of considerable eminence. He reduced class sizes, which had often reached seventy pupils per teacher when he first arrived. He hired high-quality teachers. In the Dictionary of National Biography, his former pupil Lewis Richard Farnell (1856– 1934) says that Abbott “had the mark of the spiritual leader in that he could impart to others something of the ‘virtue’ that was in him. He was aflame with intellectual energy: without driving or over-taxing his pupils he made intellectual effort a kind of religion for them.”


Abbott was a religious reformer, too: He was a passionate and articulate member of the Broad Church, which was opposed to the mystical language and dogma of both the High and Low branches of the Church of England. The Broad Church instead espoused social democracy with a Christian slant. He was an effective preacher with a simple, clear delivery. Cambridge University made him Hulsean lecturer in 1876; Oxford responded by making him select preacher the year after. His sermons for both appointments were later published (see “Bibliography of Edwin Abbott Abbott” at the back of this book).


By the 1870s it was becoming clear that the existing school was too small and outdated, and in December 1874, Abbott wrote to his friend Candler: “Next year I shall agitate for the removal of the School.” It proved to be the start of a lengthy and debilitating struggle, which ultimately led to Abbott’s premature resignation. The classes were seriously overcrowded, and Abbott fulfilled his promise to Candler in February 1875, when he presented a report to the School Committee on “the opportunities of recreation and amusement provided and on the moral and physical disadvantages arising from defective sanitary arrangements and the want of a Playground.” Thus began a seven-year battle. In 1878, after years of wrangling with the School Committee, Common Council of the City of London, and the City Lands Committee, the city architect drew up plans for a new school building on the Victoria Embankment site. Finally, on 14 November 1878, the Common Council made the decision to go ahead. It was not an easy decision: The new school would cost £200,000, a huge sum at that time. In 1879, the School Committee chose a design for the building, and Abbott wrote,




At last! After about five years of reporting on my part, persuading, experimenting, conquering, retreating, being promised, being cheated, to succeed at last! To have a good school, with good rooms and good appliances, on such a site, to last as long as London lasts: the more I think of it the more I rejoice.





In 1880 Abbott announced publicly that he expected to be in the new school within a year. Not so. There was a change of plans. Part of the site was allocated to Sion School, with a compensatory addition of land elsewhere, and this entailed drawing up entirely new architects’ plans. In 1880 Abbott showed signs that his mind was on other things and that once the boys were settled in the new school, he might call it a day. In 1882 he wrote, “If I leave the School next October I shall have led the School into the Promised Land and may fairly give place to a younger Joshua.” In fact, he stayed on for seven more years. The new school was opened in late 1882, and staff and pupils were transferred to it on 23 January 1883. The old school was sold for £60,000.


During this tiresome period, it was becoming ever more clear to Abbott that his real calling was as an author. He had started publishing books in 1871, six years into his headship at the City of London School. Several of his books were used by the school as texts. In all, he published over fifty books (see the Bibliography), which fell into three categories: school texts, literary scholarship, and theology. It is the exception that is of most interest to us here. Unique among all of his writings—indeed, nothing really like it can be found anywhere else in


English literature—is the mathematical fantasy Flatland.


Flatland: A Romance of Many Dimensions was probably written over the summer of 1884. It is quite unlike anything else that Abbott wrote, and it appeared under the pseudonym of A. Square. (Several of Abbott’s other works were also first published pseudonymously: Philochristus, Onesimus, and The Kernel and the Husk.) In October 1884, Abbott distributed a draft to a select group of friends and acquaintances. A first edition of 1,000 copies was published in November of the same year by J. R. Seeley of London (address: 46, 47, and 48 Essex Street, the Strand). It was printed by R. Clay, Sons, and Taylor of Bread Street Hill, and the price was half a crown. In December, only a month later, a revised second edition appeared; it contained a new preface by the author.


Flatland is not a lengthy book. It is 102 pages long (100 in the first edition) with a further 10 pages (8 in the first edition) of “forematter”—title page, dedication, introduction, preface, contents.


The setting for the tale is a two-dimensional world, an infinite Euclidean plane: Flatland. Flatland is inhabited by intelligent creatures shaped like geometric figures—Lines, Triangles, Squares, Hexagons, Circles. The book is divided into two parts of equal length. The first part, which describes Flatland’s customs, society, and history, is mainly satire aimed at Victorian social assumptions—especially the subservient role of women and the rigid classridden hierarchy of the men, in which advancement is dependent on geometric regularity. It ends with a plea for a reevaluation of women’s education— ostensibly in Flatland, but aimed at Victorian England. The real aim of the second part of the book is to introduce the concept of the fourth dimension, which it does by analogy. The difficulties that a two-dimensional being experiences in comprehending the third dimension are used to help Victorians living in a three-dimensional space accustom themselves to the radical but enormously popular idea of a fourth dimension. The vehicle for the explanation of these ideas is to recount the adventures of a character named A. Square, who explores spaces of various dimensions: Flatland itself (two-dimensional, a perfect Euclidean plane), Lineland (one dimension), Pointland (no dimensions), and Spaceland (three dimensions).


In his book The Fourth Dimension, Rudy Rucker points out that there is a third, less obvious aspect to Flatland—that of a spiritual journey, which would fit with Abbott’s theological leanings. “A Square’s trip into higher dimensions is a perfect metaphor for the mystic’s experience of a higher reality.” In his introduction to the Princeton Science Library’s edition of Flatland, Banchoff makes a related point:




The narrative style of Flatland is somewhat different from some of the more familiar reports of visits to exotic lands, since the story is told not by the visitor but the person visited. It is as if the story of Gulliver were told by the Mayor of Lilliput or the adventures of Alice by the White Rabbit. . . . The reader has to stay with the story all the way through to appreciate the change that takes place in the storyteller. A similar thing happens with the narrator of another book written in exactly the same year, Huckleberry Finn.





There are difficulties in establishing the precise reaction of Victorian readers to Flatland ’s unusual setting and style. In particular, an extensive archive of Abbott’s letters and personal documents, borrowed from the City of London School during the preparation of a book on its history, mysteriously disappeared about sixty years ago. To most Victorians, Abbott’s important works were his theological and scholarly ones. The history of the school makes only passing mention of Flatland, and Abbott’s obituaries and his entry in the Dictionary of National Biography do not mention it at all. We gain one useful insight into Flatland ’s reception from the preface to the second edition, where Abbott includes an explicit (and slightly pained) reaction to criticisms of the book’s treatment of women. It seems likely that this feature of the book had been the subject of heated comment, though again no documentary evidence seems to have survived. We do know that Abbott was in regular contact with several female intellectuals, among them the novelist George Eliot (Mary Ann Evans, 1819–1880) and the educators Dorothea Beale (1831–1906) and Frances Mary Buss (1827–1894). They probably understood Abbott’s intent, which was satirical: By making Flatland men treat their women with undisguised contempt, he was pointing out how common this attitude was in Victorian society. However, some of Abbott’s readers must have misunderstood the irony—enough of them to prompt his rapid clarification in the second edition. In the same gentle manner that characterized his teaching, Abbott phrased this clarification as a change of attitude by A. Square, who “has himself modified his own personal views.”


There is a rather bland review of Flatland on pages 217–221 of the City of London School Magazine, vol. 8, 1884 (also printed by Clay, Sons, and Taylor). The review, which is unsigned, begins,




We have strong reasons for believing that the author of the above is not unknown to most of our readers: that this is not the first or the most philosophical production of his pen: and, what is more to the point, that the name of A SQUARE will be found in the Mathematical Tripos list for the year 186– by anyone who will consult the Cambridge Calendar for that purpose.





The Mathematical Tripos is a series of examinations for the mathematics degree at Cambridge University, whereas Abbott studied classics. However, this reference is not an error. In Mathematical Visions: The Pursuit of Geometry in Victorian England, Joan L. Richards says that “at Cambridge, even if Greek and Latin were his major interest, a student could not take the classics examination without first passing the mathematical tripos.” The review then proceeds with a rather plodding summary of the plot, and not much else, until the final paragraph:




If, however, at any time the author is fortunate enough, in his capacity of a solid, to receive a revelation from the universe next above us in the continuous scale, we entreat him to lose no time in transferring to paper and transmitting to posterity his adventures in that region also. We at least shall be grateful to him.





In 1885 there was an American edition, and a Dutch one followed in 1886. The book was reprinted several times in the United States, which indicates its continuing popularity there, but it seems to have disappeared from the British scene until 1926, when the second edition was reprinted by Basil Blackwell with an added introduction by William Garnett. This is the edition I have chosen to annotate because Garnett’s introduction develops the scientific background and shows how much progress had been made in the forty-two years following the first edition. Numerous editions have been published since, with introductions by Ray Bradbury, Karen Feiden, Isaac Asimov, Alexander Keewatin Dewdney, Banesh Hoffman, and Thomas Banchoff. There exist translations into at least nine languages, and at least twelve English-language editions are currently in print—partly, it must be said, because the lapsed copyright makes royalty payments unnecessary.


What led a respectable headmaster at a leading school and a priest in the Anglican Church to write an intellectually lightweight work of scientific fantasy? The precise reasons are not known, but there is a key figure in the events that both preceded and followed the writing of Flatland: Charles Howard Hinton (1853–1907). In 1990 Thomas Banchoff, the world’s leading Abbott scholar, pointed out in Interdisciplinary Science Reviews that Hinton lies at the center of a web of intellectual, mathematical, and social influences. These involve, for example, the mathematician George Boole, along with his family, and Herbert George Wells (author of The Time Machine in 1895). We explore some of these connections further in the annotations, but let me give a brief outline now.


First, the intellectual link. The fourth dimension was very much “in the air” in the late 1800s. The interest began among scientists and mathematicians, but their excitement transmitted itself to the general public. Hinton, one of the prime agents of that transmission, was well suited to the task: He liked writing for the general public, and he was a talented mathematician who had no trouble with the technical aspects of four-dimensional geometry. While in school at Rugby, he became interested in the works of George Boole, inventor of Boolean algebra, the logical basis of computer science. (Later, Hinton married Boole’s eldest daughter Mary.) An 1869 letter written by Hinton’s father says that at Rugby his son became interested “in studying geometry as an exercise of direct perception.” In 1871 Hinton proceeded to Balliol College, Oxford University, where he took top honors in mathematics. We know from his books that in 1904 he had an excellent understanding of non- Euclidean geometry. Hinton could hardly have failed to become aware of a rash of astonishing new developments in the mathematics of four or more dimensions (see “The Fourth Dimension in Mathematics,” which follows the annotated text of Flatland in this book), and these caught his imagination. He was also something of a mystic, and both then and later he related the fourth dimension to pseudoscientific topics that ranged from ghosts to the afterlife. (A ghost can easily appear from, and disappear along, a fourth dimension, for instance.) In this regard he was influenced by the unorthodox views of his father James Hinton (1822– 1875), an ear surgeon. Hinton senior worked with Havelock Ellis (1859–1939), who outraged Victorian sensibilities with his frank studies of human sexual behavior. The elder Hinton became something of a libertine, advocating free love and polygamy and eventually heading a cult. He once said “Christ was the Saviour of Men, but I am the saviour of women, and I don’t envy Him a bit.”


The younger Hinton also had an eventful private life and seems to have taken his father’s teachings a little too much to heart: In 1886 he was forced to flee to Japan, having been put on trial for bigamy at the Old Bailey. While married to Mary Boole—with whom he fathered four sons: Eric, George, Sebastian, and William—he had also married a certain Maud Weldon. He had spent a week with her in a hotel near King’s Cross and, it was alleged, was the father of her twin children. He was in prison for only one day (some sources say three); Mary refused to pursue the matter. In Japan Hinton worked as a teacher in a Yokohama middle school, but by 1893 things were looking up, and he became a mathematics instructor at Princeton University. Here he invented a baseball pitching machine that propelled the balls via a charge of gunpowder. It was used for team practice for a while, but it proved a little too ferocious, and after several accidents it he moved to the University of Minnesota.


His continuing efforts to promote the concept of the fourth dimension in the United States were wildly successful, and the topic appeared in popular magazines such as Harper’s Weekly, McClure’s, and Science. In 1900 he changed jobs, moving to the Naval Observatory in Washington, D.C. While there he wrote several articles on the fourth dimension (see “Bibliography of Charles Howard Hinton” at the back of this book), including one for Harper’s Monthly Magazine in 1904. Around that time Hinton changed jobs again, this time joining the patent office in the same city. (In a sense, Hinton’s career finished where Einstein’s started, for Einstein was a clerk in the patent office in Bern from 1902 to 1908. Their stints even overlapped, temporally if not geographically.) Hinton died suddenly in 1907. A newspaper report, with the headline SCIENTIST DROPS DEAD, says that he was attending the annual banquet of the Washington, D.C. Society of Philanthropic Enquiry. Having just complied with the toastmaster’s request for a toast to “female philosophers,” Hinton collapsed and died on the spot of a cerebral hemorrhage. In 1909 Scientific American offered a $500 prize for “the best popular explanation of the Fourth Dimension” and was deluged with entries. Many commented favorably on Hinton’s work.


Hinton’s influence on Flatland appears to have originated in 1880, when he published an article entitled “What Is the Fourth Dimension?” in the Dublin University Magazine. In 1881 it was re-printed in the Cheltenham Ladies’ College magazine (whose title, in some sources, is given as Cheltenham Ladies’ Gazette), and in 1884 it appeared as a pamphlet to which the publisher had added the subtitle “Ghosts Explained.” In it we find the following passage:




Suppose a being confined to a plane superficies [that is, surface], and throughout all the range of its experience never to have moved up or down, but simply to have kept to this one plane. Suppose, that is, some figure, such as a circle or rectangle, to be endowed with the power of perception; such a being if it moves in the plane superficies in which it is drawn, will move in a multitude of directions; but, however varied they may seem to be, those directions will all be compounded of two, at right angles to each other.





Here we find several essential plot elements of Flatland: a plane world, conscious creatures shaped like circles and polygons, and the geometric limitations of such creatures. A few paragraphs earlier, Hinton describes an even simpler world, along with its most striking limitation:




In order to obtain an adequate conception of what this limitation [to three dimensions of space] is, it is necessary to first imagine beings existing in a space more limited than that in which we move. Thus we may conceive of a being who has been throughout all the range of his experience confined to a single straight line. The whole of space would be to him but the extension in both directions of the straight line to an infinite distance. It is evident that two such creatures could never pass one another.





This, in all but name, is Abbott’s Lineland, which plays a key role in the second half of Flatland by giving A. Square an analogy that helps him understand his own relation to three-dimensional space. Hinton makes it explicit that his two low-dimensional “worlds” are the first of a series when he links them with the sentence “to go a step higher in the domain of a conceivable existence.” He also lays the groundwork for Abbott’s entire cast of characters: “In a plane, there is a possibility of an infinite variety of shapes, and the being we have supposed could come into contact with an indefinite number of other beings. He would not be limited, as in the case of a creature on a straight line, to one only on each side of him.”


The similarities do not stop there. Hinton points out that




If . . . we suppose such a being to be inside a square, the only way out that he could conceive would be through one of the sides of that square. If the sides were impenetrable, he would be a fast prisoner, and would have no way out. . . . Now, it would be possible to take up such a being from the inside of the square, and to set him down outside it. A being to whom this had happened would find himself outside the place he had been confined in, and he would not have passed through any of the boundaries by which he was shut in.





This feature of a plane world has several echoes in the plot of Flatland, including A. Square’s dramatic abduction by the Sphere. Moreover, Hinton introduces these ideas in order to set up the same “dimensional analogy” that informs the storyline of


Flatland: A. Square is to space of three dimensions as a Victorian human is to space of four dimensions. Hinton then introduces a four-dimensional figure that he calls a four-square and we now call a hypercube: It is the four-dimensional analogue of a one-dimensional line segment, a two-dimensional square, and a three-dimensional cube. He points out numerical patterns in the numbers of corners of these shapes: 2, 4, 8, and 16, respectively— the first four powers of 2. Abbott does the same in the second half of Flatland, using the pattern as an argument to convince A. Square of the reality of three dimensions, and later invoking it again as A. Square tries to convince the Sphere of the reality of four dimensions.


Moving toward his main objective, Hinton describes some of the weird properties of four-dimensional space:




A being in three dimensions, looking down on a square, sees each part of it extended before him, and can touch each part without having to pass through the surrounding parts. . . . So a being in four dimensions could look at and touch every point of a solid figure.





Abbott repeatedly includes references to creatures from a higher dimension being able to “see the insides” of lower-dimensional beings.


Hinton ends with two sections that have no real parallel in Flatland: He discusses the physics of four-dimensional space and evidence for its possible existence. These topics are beyond the scope of Abbott’s story and inconsistent with its stance, but the similarities between Hinton’s 1880 article and Abbott’s 1884 book are far too great to be coincidence. However, although Hinton’s influence on Abbott seems evident, there is no clear record that the two men ever met, either prior to the crucial summer of 1884, when Flatland was almost certainly being written, or afterwards. On the other hand, the circumstantial evidence that they probably did meet—or that, at the very least, Abbott was strongly influenced by Hinton’s ideas—is considerable, as I will now explain.


Abbott was very much interested in the education of women, which in his day was extremely limited and unambitious—something that he wanted to change. In the 1880s he became involved in the promotion and reform of women’s education. These activities led him to interact with Dorothea Buss, who at that time was headmistress of Cheltenham Ladies’ College. In 1875 Hinton was appointed to teach at the college, so Abbott would almost certainly have met Hinton there. Also, Abbott could easily have come across an early draft of Hinton’s essay, which was circulating in the college in 1884, and very probably earlier.


If not, another opportunity soon arose because in the same year Hinton moved to Uppingham School to become science master. The mathematics master at Uppingham School was Abbott’s best friend Candler. Abbott and Candler first met when they were pupils at the City of London School; they went to Cambridge University together, and for twenty-five years—all the time Candler was at Up-pingham— they wrote to each other every week. (Abbott’s half of this correspondence was still in existence in 1939, when it supplied information for a history of the City of London School, but when the author of that history died, a thorough search revealed no trace of the letters. It seems unlikely that they were destroyed, and Abbott scholars fervently hope that they will turn up again.) Abbott and his wife often visited Uppingham to meet the Candlers; moreover, Edward Thring, the headmaster of Uppingham School, was the founder of the Head Master’s Conference, of which Abbott was the secretary. It was Thring who undertook the task of sacking Hinton for bigamy.
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EDWIN A. ABBOTT, MARCH 1914.





Abbott was probably influenced by other thinkers, as well, as he developed the ideas in Flatland. His position in society was a respectable one, and he met and corresponded with many of the great figures of the time. One of his pupils was Herbert Henry Asquith (1852–1928), who went on to become prime minister. Abbott corresponded with George Eliot, and he was invited to her home in 1871, the same day that the physicist John Tyndall (1820–1893) went there for dinner. Tyndall showed experimentally that the sky is blue because sunlight is scattered by molecules in the air, an explanation later given a theoretical basis by Lord Rayleigh. In 1881 he drove the final nail into the coffin of the theory that life could be “spontaneously generated.” From Tyndall, Abbott may have heard about the work of Hermann von Helmholtz (1821–1894), who wrote about non-Euclidean geometry. In public lectures, Helmholtz explained the new geometry in terms of an imaginary two-dimensional creature living on some mathematical surface, unaware of anything else and trying to find out about the geometry of its universe using only intrinsic features.


Several other authors have taken up Abbott’s ideas and developed them, or ideas like them. The first to do so was Hinton, in his 1907 An Episode of Flatland: How a Plane Folk Discovered the Third Dimension. Hinton’s “Flatland” is not the same as Abbott’s, although it is two-dimensional. Instead of allowing his creatures to occupy the whole of the plane (Flatland “space”), Hinton confines them to the surface of a circular planet, Astria, floating in a planar (actually, slightly curved) universe. This offers a much closer analogy to our own situation, but it complicates the narrative—for example, if two beings meet going opposite ways, one must climb over the other. Astrians have a complicated physiology, but Hinton chose to draw them as rightangled triangles equipped with two arms, two legs, one eye, one nose, and one mouth. All males are born facing east, all females facing west. Barring intervention from the third dimension, they must remain that way throughout their lives. The plot is socialist, advocating the replacement of individual wealth by social planning. Astria is threatened by another planet, Ardaea, which will approach so closely that Astria’s orbit will change into an eccentric ellipse, causing enormous climatic fluctuations. The world is saved by Hugh Farmer, a character who bears a remarkable resemblance to Hinton himself, and as such is, of course, a believer in the third dimension. He is sure that all Astrian objects have a slight extension into this new dimension, giving them a small but nonzero thickness. There may therefore exist beings that live outside the Astrian plane. The hero advocates a mass exercise in telekinesis—the (hypothetical) ability to move objects by thought alone—to latch on to such an external being and divert Astria away from the inbound rogue planet.


The use of the name Flatland by both authors seems not to have caused any personal animosity: Certainly, each later refers to the work of the other in (grudgingly) favorable terms. Abbott’s 1887 The Kernel and the Husk mentions “a very able and original work by Mr. C. H. Hinton” about “a being of Four Dimensions,” and Hinton’s Scientific Romances of 1888 refers to “that ingenious work Flatland.” However, Abbott goes on to say that the ability to conceive of a space of four dimensions renders us “not . . . a whit better morally or spiritually,” and Hinton complains that “the physical conditions of life on the plane have not been [Abbott’s] main object.” All this leads Banchoff to suggest that Hinton and Abbott “saw their efforts as complementary rather than competitive,” which seems a fair assessment.


Hinton had some strange ideas about the fourth dimension, which were rooted in spiritualism and the paranormal. However, he also thought carefully about the science of four dimensions—and two. For example, he explains that the force of gravity in the Astrians’ universe varies inversely as the distance, not inversely as its square. This is a natural choice in two dimensions: It ensures that the total amount of gravitational force exerted on a circle is the same, no matter how large the circle is, because the circumference of the circle is proportional to its radius. In three dimensions, the surface area of a sphere is proportional to the square of its radius (the area is 4πr2 , where r is the radius), so an inverse-square law is required to achieve the analogous goal. Hinton does not examine the stability of planetary orbits with such a law of gravitation, but according to Principles of Mechanics by John L. Synge and Byron A. Griffith, a circular orbit subject to inverse nth-power gravitational attraction is stable if and only if n < 3, which is the case in Hinton’s universe—and our own.


Of course, contributions to the Flatland canon have continued into our own time. In 1957 the Dutch physicist Dionys Burger wrote Bolland (translated in 1965 as Sphereland). He developed Flatland into a vehicle for explaining Einstein’s ideas on the curvature of space-time and along the way, added many fascinating new details about the Flatlanders’ lifestyle. Rudy Rucker’s short story “Message Found in a Copy of Flatland,” from his book The 57th Franz Kafka, provides an outrageous fictional explanation of how a staid clergyman came to write such an uncharacteristic book. The story, which is reprinted in his 1987 anthology Mathenauts, begins with an enigmatic note:




Robert— 
Flatland is in the basement of our shop. Come back at closing time and I will show it to you. Please bring one hundred pounds. My father is ill.


Deela.





In The Shape of Space (1985), Jeffrey R. Weeks interwove further fragmentary tales of Flatland with a mathematics text on the topology of surfaces and three-dimensional spaces. Rudy Rucker’s The Fourth Dimension (1985) extended the Flatland canon in several new directions. There is also Alexander Keewatin “Kee” Dewdney’s The Planiverse (1984), described below, but narratively this connects more closely to Hinton than to Abbott. Finally (for the moment), my own Flatterland (2001) brought the satire, the mathematics, and the physics into the nascent twenty-first century. It respects


Abbott’s narrative but makes no attempt to be consistent with any other sequel.


Anyone who thinks seriously about a world of two dimensions soon realizes that many things we take for granted in three dimensions don’t work in two. There are, for example, no knots; telephone lines cannot cross without intersecting; organisms cannot have (conventional) digestive tracts or they would fall apart; and if you drive a nail through a plank of wood, the wood splits into two separate pieces. What would a Flatland bookcase look like? And what of gravity, chemistry, and atomic physics? In 1977 Dewdney began some serious thinking about two-dimensional physics and corresponded with various colleagues: The result was a fascinating set of duplicated notes, Two-Dimensional Science and Technology (1979, revised 1980). An article by Martin Gardner in Scientific American drew attention to the project, and the ideas that flooded in were compiled as A Symposium on Two-Dimensional Science and Technology (1981). By 1984 this had given rise to The Planiverse, a science fiction story set on the two-dimensional world of Arde.  Dewdney offers lengthy and carefully thought-out descriptions of how two-dimensional physics and technology might actually work. For example, there is a design for an internal combustion engine. The appendix to The Planiverse recounts the history of the original project.


Abbott devoted his lengthy retirement to his writing, mainly a long series of books on theology under the collective title Diatessarica, which means, roughly, “matters pertaining to the harmony of the four gospels.” On 12 October 1926, after a sevenyear illness, he died at his home of Wellside, Well Walk, Hampstead—which at that time was a suburb on the northern outskirts of London, near a famous area of open country known as Hampstead Heath. The Heath still exists, and so does the house. Take the Northern Line of the London Underground to Hampstead station, exit the station to the left, and take a sharp left down Flask Walk, which runs into Well Walk. Wellside is the next to last house on the right, just before the junction with Heath Road; its name is clearly visible on one wall (above). The house bears no plaque commemorative of its inhabitant— unlike 14 Well Walk, a few dozen yards away, where Marie Stopes (1880–1958), controversial founder of the United Kingdom’s first birth control clinic, lived prior to 1916.
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ABBOTT’S FORMER HOUSE AT WELLSIDE, WELL WALK, HAMPSTEAD.







Abbott’s funeral was at Christ Church, Hamp-stead, and he is buried in the southwest corner of Hampstead Cemetery. To visit his grave, take the Jubilee Line of the London Underground to West Hampstead station, exit the station to the right, and walk for about fifteen minutes up West End Lane and Fortune Green Road. The entrance to the cemetery is on the left, just before the junction with Finchley Road. Take the main path down the center of the cemetery, through the arch beneath the spire of the impressive chapels, and continue straight on until the path reaches a large tree. Turn left, and follow the path for about forty yards until it makes a sharp left turn; at this point continue straight ahead, onto the grass, towards an area that has been overgrown by bushes (below). The grave, number D2–96, is marked by a rough-hewn Celtic cross (a popular design in the late Victorian era) with four trefoil knots, a feature of Celtic art (right). Abbott’s wife Mary died in 1919; they had one son, Edwin, and one daughter, Mary, both of whom died in 1952. The gravestone commemorates all four.


While Abbott was alive, he surely believed that his most significant contributions to human culture would be his more serious writings. Posterity, fickle as ever, has decided otherwise. The broad issues that Abbott tackled in his literary and theological works remain important, but the details upon which he expended so much scholarly effort have become as obsolete as the Victorian society in which he lived. Flatland has outlasted his other books because it is timeless. A twenty-first-century reader can identify with poor A. Square, and with his lonely battle against mindless orthodoxy and social hypocrisy, as easily as a nineteenth-century one. Abbott’s true memorial is not a stone cross in an untidy corner of an obscure cemetery. It is Flatland —and unlike a decaying gravestone, its significance increases with every year that passes.
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LOCATION OF ABBOTT’S GRAVE.
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ABBOTT’S GRAVE IN HAMPSTEAD CEMETERY.

























THE ANNOTATED FLATLAND













“O day and night, but this is wondrous strange”1



FLATLAND






A ROMANCE OF MANY DIMENTIONS






By A Square2



(Edwin A. Abbott)
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“And therefore as a stranger give it welcom”3


BASIC BLACKWELL . OXFORD


Price Nine Sbillings and Sixpence net.4










1 Spoken by Horatio, in William Shakespeare’s Hamlet, act 1, scene 5, line 164. Hamlet has just been conversing with his father’s ghost, who is now speaking from under the stage.


This is the first of nine quotations from Shakespeare that occur in Flatland; no other author is quoted. Abbott was a Shakespeare scholar, who in 1871 published both Shakespearian Grammar  and English Lessons for English People (with Sir John Seeley). On first taking up his post as headmaster at the City of London School in 1865, he wrote, “. . . I read with my older pupils Shakespeare, In Memoriam, Milton, Spenser, Bacon, once also a translation of Dante, and Pope regularly. . . .” (Unless otherwise stated, all quotations about Abbott come from A. E. Douglas-Smith’s City of London School. ) His former pupil, L. R. Farnell, who wrote the article on Abbott in the Dictionary of National Biography,  recalled that Abbott




was passionately devoted to English Literature and was himself a considerable Shakespearean scholar; therefore he made the study of a good English book part of the terminal work of all the forms, and hereby I was early brought into contact with many of our masterpieces, especially Shakespeare.





The archives of the City of London School contain an autographed (and bookplated) copy of H. H. Asquith’s Globe Edition of the Works of William  Shakespeare (edited by William George Clark and William Aldis Wright, published by Macmillan in 1867), which Asquith has dated 12 September 1868. Asquith, who later became prime minister, attended the school from 1864 to 1870, so presumably this is the text from which he learned his Shakespeare—and, by inference, from which Abbott taught it.





2 Abbott originally wrote Flatland under this pseudonym (first edition of 1884 and second, revised edition, also of 1884). The 1926 reprint by Black-well adds the author’s name. It is hardly necessary to point out that the pseudonym is a pun: the protagonist is “a square.” In The Fourth Dimension Rudy Rucker suggests that because his middle name was the same as his surname, Edwin Abbott Abbott might have been nicknamed Abbott Squared. If so, he “might have felt a considerable degree of identification with . . . the hero of Flatland.” I know of no evidence to support this otherwise attractive conjecture.


Flatland draws its inspiration from school geometry texts, which at that time were universally derived (with few major changes except the omission of difficult or obsolete material) from a classic text: the Elements of the ancient Greek geometer Euclid. Squares are defined in Definition 22 of the Elements: “Of quadrilateral figures, a square is that which is both equilateral and right-angled.” They make their first significant appearance in Proposition 46: On a given straight line to describe a square. As a typical illustration of Abbott’s source material for the creatures of Flatland, I shall reproduce Euclid’s solution, following the translation of Sir Thomas L. Heath {my annotations are in braces}. The letters refer to Figure 1. The stilted style and formal logical presentation became synonymous with geometry to generations of schoolboys—a pity because geometric reasoning can be very visual and free-flowing, which makes it intuitively appealing. “Math anxiety” may well have started here (though algebra, with its x and y but no actual numbers, probably did a lot of damage too).
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Figure 1 Euclid’s construction for a square.







Let AB be the given straight line; thus it is required to describe a square on the straight line AB.


Let AC be drawn at right angles to the straight line AB from the point A on it [1,11] {meaning Elements, Book 1, Proposition 11, where this construction has already been described and proved correct}, and let AD be made equal to AB {which can be done using compasses with the point set at A and the pencil at B: now swing round to D};


Through the point D let DE be drawn parallel to AB {Euclid’s Axiom 5 says that this is always possible, and [1,31] explains how to do it}, and through the point B let BE be drawn parallel to AD [1,31].


Therefore ADEB is a parallelogram;


therefore AB is equal to DE, and AD to BE. [1,34]. But AB is equal to AD;


Therefore the four straight lines BA, AD, DE, EB are equal to one another;


therefore the parallelogram ADEB is equilateral.


I say next that it is also right-angled.


For, since the straight line AD falls upon the parallels AB, DE, the angles BAD, ADE are equal to two right angles. [1,29].


But the angle BAD is right;


therefore the angle ADE is also right.


And in parallelogrammic areas the opposite sides and angles are equal to one another; [1,34].


therefore each of the opposite angles ABE, BED is also right.


Therefore ADEB is right-angled.


And it was also proved equilateral.


Therefore it is a square; and it is described on the straight line AB.


Q.E.F.

 Q.E.F, in Greek, is oπϵρ ϵδϵι πoιησαι (oper edei poiesai); in Latin translation it is Quod Erat Faciendum, “which was to be done.” This incantation goes at the end of porisms, or “things to be sought.” The more familiar Q.E.D. ( oπϵρ ϵδϵι δϵιχαι, oper edei deixai) stands for Quod Erat Demonstrandum, which means “which was to be demonstrated (or proved),” and occurs at the end of theorems (where there is something to be proved).





3 Hamlet’s reply to Horatio in Hamlet, act 1, scene 5, line 165. The next two lines are the famous “There are more things in heaven and earth, Horatio, than are dreamt of in your philosophy.” Both Shakespeare and Abbott employ the same (rather feeble) word play, strange/stranger, for the same purpose: to encourage the acceptance of something that initially appears bizarre. Hospitable people welcome the stranger, so surely they should welcome the strange.





4 The cover price of the first and second editions is “Half-a-crown.” This is 2 shillings and 6 pence (2s.6d.) in old-style British money (20 shillings = 1 pound, 12 pence = 1 shilling, 4 farthings = 2 halfpennies = 1 penny). A crown was 5 shillings. In today’s decimal coinage, half a crown is 121/2 pence, equivalent to about 18 cents US—but that’s not allowing for inflation. Between 1884 and 1984, the purchasing power of the pound divided by about 40, and the last seventeen years have pretty much halved it again. Thus in today’s money, the book would have cost about £10 ($15). This suggests that the real price of books has stayed pretty much the same since Abbott’s day.
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“Fie, fie, how franticly I square my talk!” 6
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5 William Garnett (?–1932) was a pupil at the City of London School from 1864 until 1869, and he was present on the day of Abbott’s arrival as headmaster in 1865. He was “captain” (top of the school) in mathematics in the same year that H. H. Asquith was captain in classics. Garnett went to Trinity College, Cambridge, where he became chief assistant to the great Scottish physicist James Clerk Maxwell. In the same year that Flatland was published, he coauthored with Lewis Campbell a biography of Maxwell (The Life of James Clerk  Maxwell, Macmillan 1884). The book refers to Maxwell’s interest in four-dimensional space:



	My soul is an entangled knot 
Upon a liquid vortex wrought 
The secret of its Untying 
In four-dimensional space is lying.



(Knots can be untied in four dimensions; see Flat-terland,  chapter 4, “A Hundred and One Dimensions.”) Garnett became principal of Durham College of Science and educational adviser to the London County Council. His brother Edward, an author and critic, was instrumental in promoting the works of Joseph Conrad (1857–1924) and D(avid) H(erbert) Lawrence (1885–1930). After leaving the school, Garnett maintained contact with Abbott, and upon retirement he moved to Hampstead, where Abbott lived. He signed Abbott’s eightieth-birthday message and attended his funeral in 1926. He was therefore the obvious choice to write a preface for the 1926 Blackwell reissue of Flatland.





6 Said by Titus in Shakespeare’s Titus Andronicus,  act 3, scene 2, line 31, in a passage concerning the loss of his and Lavinia’s hands. The word square had innumerable meanings in Shakespeare’s day, including “to regulate,” “to make appropriate,” “to adapt,” “to differ,” and (the exact opposite) “to agree.” From the context, it seems that Titus is embarrassed because he has unconsciously been adapting his words to reflect the circumstances and has just realized that this is completely unnecessary because nobody is going to forget that they’ve just lost their hands. The quotation is not especially appropriate, and its main relevance to Flatland is that the narrator is A. Square: The Square talks, rather than the talk being squared.














To


The Inhabitants of SPACE IN GENERAL
 and H.C. IN PARTICULAR7
This Work is Dedicated 
By a Humble Native of Flatland
In the Hope that 
Even as he was Initiated into the Mysteries 
Of THREE Dimensions 
Having been previously conversant 
With ONLY TWO 
So the Citizens of that Celestial Region 
May aspire yet higher and higher 
To the Secrets of FOUR FIVE OR EVEN SIX Dimensions 
Thereby contributing 
To the Enlargement of the IMAGINATION 
And the possible Development 
Of that most rare and excellent Gift of MODESTY8 
Among the Superior Races 
OF SOLID HUMANITY








Introduction


IN AN ADDRESS to the Committee of the Cayley9 Portrait Fund in 187410 Clerk Maxwell,11 after referring in humorous terms to the work of Arthur Cayley in higher algebra and algebraical geometry, concluded his eulogium12 with the lines—



	
March on, symbolic host! with step sublime,  Up to the flaming bounds of Space and Time!  There pause, until by Dickenson depicted,13 In two dimensions, we the form may trace  Of him whose soul, too large for vulgar space  In n dimensions flourished unrestricted.14 



In those days any conception of “dimensions” beyond length breadth and height was confined to advanced mathematicians; and even among them, with very few exceptions, the fourth and higher dimensions afforded only a field for the practice of algebraical analysis with four or more variables instead of the three which sufficiently describe the space to which our footrules are applicable. Any geometrical conclusions reached were regarded only as analogies to the corresponding results in geometry of three dimensions and not as having any bearing on the system of Nature. As an illustration, reference may be made to the “more divine offspring of the divine Cube in the Land of Four Dimensions” mentioned on p. 171 infra which has for its faces eight three-dimensional cubes and possesses sixteen four dimensional angular points or corners.


During the present century the work of Einstein, 15 Lorentz,16 Larmor,17 Whitehead18and others has shewn that at least four dimensions of space-time 19 are necessary to account for the observed phenomena of nature, and there are some suggestions of the necessity for more than four. It is only when dealing with very high velocities,20 such as are comparable with the velocity of light, that the unity of time with space thrusts itself upon the notice of physicists, for even with such a velocity as that of the planet Mercury in its orbit21 it is only after the lapse of centuries that any divergence from the motion strictly calculated on the basis of Euclidean Geometry22 and Newton’s23 laws of gravitation and of motion has become apparent. The observed behaviour of electrons, moving in high vacua with velocities comparable with the velocity of light, has confirmed some of Einstein’s conclusions and necessitated a revision of our fundamental notions of kinematics and the laws of motion when these high velocities are concerned. But the whole subject of Relativity has strongly appealed to popular interest through the brilliant confirmation of Einstein’s theory of gravitation by the bending of light24 in passing close to the sun’s surface and the consequent apparent displacement of stars which are very close to the sun from their true relative position when photographed during a solar eclipse. The best popular exposition of the whole subject of relativity and gravitation is to be found in Professor Edding-ton’s25 Space, Time, and Gravitation.


But when a great truth comes to light it is generally found that there have already been prophets crying in the wilderness and preparing the way for the reception of the Revelation when the full time has come. In an anonymous letter published in Nature 26 on February 12th, 1920, entitled “Euclid, Newton, and Einstein,” attention was called to such a prophet in the following words:—


“Some thirty or more years ago, a little jeu  d’esprit was written by Dr. Edwin Abbott, entitled ‘Flatland.’ At the time of its publication it did not attract as much attention as it deserved. Dr. Abbott pictures intelligent beings whose whole experience is confined to a plane, or other space of two dimensions, who have no faculties by which they can become conscious of anything outside that space and no means of moving off the surface on which they live. He then asks the reader, who has the consciousness of the third dimension, to imagine a sphere descending upon the plane of Flatland and passing through it. How will the inhabitants regard this phenomenon? They will not see the approaching sphere and will have no conception of its solidity. They will only be conscious of the circle in which it cuts their plane. This circle, at first a point, will gradually increase in diameter, driving the inhabitants of Flatland outwards from its circumference, and this will go on until half the sphere has passed through the plane, when the circle will gradually contract to a point and then vanish, leaving the Flatlanders in undisturbed possession of their country. . . . Their experience will be that of a circular obstacle gradually expanding or growing, and then contracting, and they will attribute to growth in time what the external observer in three dimensions assigns to motion in the third dimension. Transfer this analogy to a movement of the fourth dimension through three-dimensional space. Assume the past and future of the universe to be all depicted in four-dimensional space and visible to any being who has consciousness of the fourth dimension. If there is motion of our three-dimensional space relative to the fourth dimension, all the changes we experience and assign to the flow of time will be due simply to this movement, the whole of the future as well as the past always existing in the fourth dimension.”


It will be noticed that in the presentation of the Sphere to the Flatlander the third dimension involves time through the motion of the Sphere. In the Space-Time Continuum of the Theory of Relativity the fourth dimension is a time function, and the simplest element is an “event.” One set of parallel sections of the four-dimensional continuum present the universe as it exists in three-dimensional space at the instants corresponding to the sections. Sections in all other directions involve the time element and represent the universe as it appears to an observer in motion.


There are some mathematical minds which are completely satisfied by the results expressed in al-gebraical symbols of the analysis of a continuum of four dimensions; but there are others which crave for the visualization of these results27 which, in their symbolic forms, they do not question. To many, perhaps to the great majority, of these, Dr. Abbott’s sphere penetrating Flatland points the way to the clearest imagery of the fourth dimension to which they are likely to attain.





WM. GARNETT.













7 H. C. is Howard Candler (?–1916), Abbott’s best and lifelong friend. Candler was mathematics master at Uppingham School, where for some years Charles Hinton was science master. In the introduction to his theological book The Fourfold Gospel,  written just after Candler died, Abbott explicitly states that Candler was “H. C.” The first edition of Flatland in the library of Trinity College, Dublin, donated by one of Candler’s grandsons, is inscribed with the handwritten message “To H.C., in particular.” 





8 In The Spirit on the Waters (1897), Abbott relates the climax of Flatland, in which A. Square experiences a visitation from the third dimension— the Sphere, perceived as a series of ever-changing Circles. Would A. Square be right in worshipping the Sphere because of its God-like powers? No, Abbott tells his readers. It is wrong to attribute spiritual or moral superiority to a being merely because of its physical or mental abilities. And he enlarges on this section of Flatland’s Dedication:




This illustration from four dimensions . . . may serve a double purpose in our present investigation. On the one hand it may lead us to vaster views of possible circumstances and existence; on the other hand it may teach us that the conception of such possibilities cannot, by any direct path, bring us closer to God. Mathematics may help us to measure and weigh the planets, to discover the materials of which they are composed, to extract light and warmth from the motion of water and to dominate the material universe; but even if by these means we could mount up to Mars, or hold converse with the inhabitants of Jupiter or Saturn, we should be no nearer to the divine throne, except so far as these new experiences might develop our modesty, respect for facts, a deeper reverence for order and harmony, and a mind more open to new observations and to fresh inferences from old truths.














9 Arthur Cayley (1821–1895), English mathematician, educated at Cambridge University, becoming a fellow of Trinity College in 1845 but leaving after three years because he did not wish to take holy orders. He then spent fifteen years as a lawyer before being appointed the first Sadleirian Professor of Mathematics at Cambridge in 1863. Apart from half a year spent at Johns Hopkins University in the United States (1881–1882), he remained at Cambridge until his death. Cayley is best known for his work with James Joseph Sylvester (1814–1897) on invariants, algebraic expressions that remain unchanged when their variables are transformed. The theory of invariants, generalized to differentials of the variables, formed the mathematical basis of Albert Einstein’s General Theory of Relativity—the idea that gravity is a manifestation of the curvature of a four-dimensional space-time. Cayley was also responsible for matrix algebra, which is now widely used in all branches of pure and applied mathematics: A matrix is a rectangular table of numbers and represents a transformation of variables. Most significantly for this book, Cayley was one of the creators of higher-dimensional geometry, beginning with a paper of 1845 on spaces of n dimensions. The main founder of this theory was the German mathematician Hermann Grassman (1809–1877), in his Ausdehnungslehre (Theory of Extension) of 1844, but Cayley’s early work was done independently. 
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