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COPIES INSECONDS
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WE OURSELVES ARE COPIES.“And God said, Let us make man in our image, after our likeness.” A living organism, from its DNA up, is a copying machine. The essence of life—the difference between us and sand—is replication.




Copying is the engine of civilization: culture is behavior duplicated. The oldest copier invented by people is language, the device by which an idea of yours becomes an idea of mine. We are distinct from chimpanzees because speech, through its irrepressible power of reproduction, multiplied our thoughts into thinking.




The second great copying machine was writing. When the Sumerians transposed spoken words into stylus marks on clay tablets, they exponentially extended the human network that language had created. Writing freed copying from the chain of living contact. It made thinking permanent, portable, and endlessly reproducible.




Civilization has evolved at the speed of duplication. One mark in clay became two; two became four; four became eight. Like all doubling, copying accumulates slowly at first but compounds. Less than a millennium ago—forty centuries after the Sumerians—a single literate polyglot theoretically could have read every book in the world; today, copied language constitutes so much of the intangible infrastructure of existence that we consciously register only glimpses of the shadow of its shadow. A newsstand in Manhattan contains more duplicated text than did the legendary Library of Alexandria.




The earliest written documents were simple tallies: so many animals, so much grain. For centuries, that was all the writing in the world. Last week, a small plastic latch broke off my clothes dryer. I copied the number molded into its side and searched for it on Google. Less than a second later, my computer screen filled with a list of suppliers all over the country, with links to their inventories and their prices, along with half a dozen portals into a galaxy of intricately cross-referenced self-promotion. Behind the copied words on the screen lay invisible sentences of ones and zeros, and behind the ones and zeros lay a babel of electrical impulses and magnetic fields: the ultimate modern repository of replicable meaning. I chose a likely supplier, found the part I needed, and with a couple of clicks transmitted a copy of a stored description of myself that was more detailed than any a Sumerian could have produced of anyone he knew: my name, my exact location in the world, a partial history of my material desires, access to my treasure. Two days later, I installed the new part on my clothes dryer.




The world we live in—as distinct from the world we live on—is made of duplicated language. We build our lives from copies of copies of copies.
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COPIES INSECONDS


[image: image]






BACK IN1985, a friend of mine called to ask if I would send him a copy of a certain newspaper clipping. I said I would. I rooted around in the stuff on my desk and found the clipping near the bottom of a stack of papers. I moved it to the top and made a mental note to take it to the coin-operated copying machine in the drugstore across the street from my wife’s and my apartment. Because my office was in a corner of our living room instead of in an office building, I couldn’t run down the hall and make a few thousand free copies of the clipping, a recipe, my hand, a newsy Christmas poem describing my family’s heartwarming experiences during the previous year, or anything else.




Several days passed. Every time I went out, I either forgot about the clipping or remembered it and decided to do nothing about it. If there’s anything I hate, it’s carrying a loose, large, irregularly shaped piece of paper while I do various errands. If someone had grabbed me by the cheeks and told me to march right over there and make that copy, I would have replied, like Bartleby, “I would prefer not to.” I considered retyping the entire newspaper article—a pleasant way to spend an afternoon. Gradually, the distance between my apartment and the drugstore grew in my mind until it might as well have been the distance between St. Louis and the moon.




Then, early one morning as I lay sleepless in bed, I came to the sudden, powerful realization that I would never make that copy unless I made it on a copier that I myself owned. The necessity for spending large sums often comes to me in such a flash. I now believed, in other words, that walking across the street to pay twenty cents for a single copy was less convenient and more irrational than traveling across town to pay several hundred dollars for an entire machine, which I would then have to find a permanent place for in our apartment.




I knew the machine I wanted. A couple of years earlier, Canon Inc., the Japanese camera and electronics manufacturer, had begun selling the world’s first copiers intended for personal use, and I had been trying to think of a plausible-seeming justification for buying one. Canon was promoting the new copiers with an advertising campaign featuring the actor Jack Klugman, whose most recent television role had been the eponymous crime-fighting medical examiner on Quincy, M.E. In the Canon commercials, Klugman said that Canon personal copiers were easy to operate and that they used replaceable cartridges containing “the entire copying process.”




After breakfast, I took a bus to a discount electronics store on the other side of Manhattan and bought a Canon PC-10 personal copier for $475. (This was quite a bargain at the time; the manufacturer’s suggested retail price was just under $800.) I also bought two of the cartridges, for about $50 each, and five 500-sheet packages of ordinary paper for a total of $15.




My Canon personal copier was small—about the size of two toaster ovens. But the box it came in was large—about the size of six or seven toaster ovens. Maneuvering that box and those cartridges and all that paper into a taxi and then into the elevator and up to our apartment turned out to be quite a problem. I finally made it, though, and I set up the machine without much trouble. I put the clipping on the platen, inserted a sheet of paper, and watched a crisp, clean copy emerge from the other side.




A feeling of well-being and inner satisfaction coursed through my circulatory system. My life had achieved a previously unimaginable level of futuristic-seeming efficiency. I could now enjoy in my own home a pleasure that was then almost unknown among people who, like me, didn’t have real jobs. “So long, sucker,” I imagined myself saying to the genial Pakistani who ran the drugstore across the street.




I made another copy of the same clipping and threw away the first one. Then I made a third and threw away the second. Then—after a panicky moment in which I wondered whether I had not just satisfied my copying needs in their entirety—I opened the owner’s manual and began, page by page, to copy that.




 




AS INEVITABLY HAPPENSwith luxuries, my Canon PC-10 became a necessity as soon as it was mine. Much of journalism consists of photocopying things that other people have written and finding slightly different ways to write them again, so having a copier of my own was professionally advantageous. I also found many uses for the machine in my ordinary life: copying documents of interest to my accountant or the IRS; creating a handy record of all my credit card numbers, by copying the cards themselves; making backup copies of medical forms and contest applications; duplicating humorous invitations for two big, boozy parties that my wife and I gave back in the days when we were still young enough to have fun. Using my PC-10 was a nuisance by modern copying standards—the machine didn’t have a paper tray, and to make copies I had to feed blank sheets one at a time into a slot at one end—but it seemed revolutionary in comparison with having no copier at all. I stopped thinking not only about the drugstore across the street but also about the upscale copying boutique a few blocks away, on Lexington Avenue, where I had formerly gone to make high-priced backups of especially important documents, such as my will. My PC-10 survived being dropped to the floor, riding to Martha’s Vineyard in the back of a station wagon, moving to Connecticut, having coffee spilled on it, and sitting unnoticed for more than an hour directly beneath a cascading leak from our roof, which was being replaced.




When my PC-10 finally wore out, in 1998, after thirteen years of hard use, I replaced it with a Xerox XC1045, which I bought at Staples and brought home in the trunk of my car. My XC1045, which I love even more than I loved my PC-10, has many features formerly found only in top-of-the-line office copiers—an automatic document feeder, a 250-page paper tray, an alternate paper tray, a mode for copying the pages of bound books, automatic and manual exposure controls, an oversize platen, a mode for making copies more economically, and the ability to make a broad range of reductions and enlargements—yet it cost me less than twice as much as my old PC-10 had more than a dozen years before.




My kids, who were born in the eighties and have never known a time when copying someone else’s notes for a test was more bothersome than walking across the room and pressing a button, view our XC1045 with about as much awestruck wonder as they view our washing machine. Only with a heroic exertion of sympathetic brainpower can they imagine what life must have been like back in the days when copying an interesting article consisted of calling your grandmother and asking her if she had already thrown away her newspaper. When I needed a copy of my sixth-grade science fair report, back in the mid-1960s, my mother sent the original to work with my father, whose employer had a Xerox machine. My father’s access to that machine (or, rather, his access to the secretary who was the machine’s sole authorized operator) was another of the semi-supernatural powers he possessed as a result of wearing a suit and working downtown. Yet to my children this all seems like something out of Little House on the Prairie.




As for more ancient document reproduction methods—well, forget it. One day not long ago, I happened to mention carbon paper while chatting with my son, who was born in 1988, and he asked me what it was. I told him—thin paper or plastic film coated on one side with gelatinous ink, formerly used in making simultaneous facsimiles of handwriting or typing—and he said, “Cool.”




“But you’ve seen carbon paper before, of course.”




“No.”




“But you remember when credit card slips had little sheets of carbon paper in them, don’t you?”




(Glancing toward the door.) “No.”




My son’s unfamiliarity with carbon paper seems all the more surprising when you consider that the stuff was fairly common in our house until he was nearly in first grade. I bought one of the very first personal computers, the original IBM PC, in 1981. It came with 64 kilobytes of random-access memory—about what a wristwatch contains today—and cost more than $4,000. I also bought a printer the size of a Weber grill. It had a thimble-shaped character element, which printed by impact, the way a typewriter does. It also had an elaborately geared, toothed, and belted attachment that locked onto the top and hoisted a continuous stream of computer paper from a big box—the kind of paper with tear-off perforated strips along the sides. The printer was so slow and cacophonous that when I needed two copies of something I had written, I didn’t simply print it twice, the way I do now with my laser printer, but instead switched from regular computer paper to three-part carbon computer paper, which in a single pass produced an original plus two duplicates. If I was printing something long, like a book chapter, I would sometimes go for a walk while the printer was banging away, because the noise at close range was unendurable.




While thinking about that old printer of mine, I realized that my son doesn’t just lack an appreciation of how hard it used to be to make copies; he also doesn’t really know what an original is, or was, in the sense that older people understand it. When he writes an essay for school, he composes and continuously revises the text on his computer and then either prints it on the day it’s due or e-mails it to his teacher. If he has to make further revisions later, he doesn’t look for his jar of correction fluid; he just edits the computer file and then prints or e-mails it again. He never really produces a first draft, a revised draft, a final draft, or a copy in the antique sense. His paper, between the moment he begins writing it and the moment his teacher gives him a grade, simply exists in a fluid succession of related states. His understanding of “copies” and “originals” is as different from mine as Werner Heisenberg’s understanding of the electron was different from Niels Bohr’s.




You don’t have to be as young as my son to have a hard time appreciating what it was like to live in a world where making more than one of something was a novelty, if not an ordeal. Most of us old-timers have forgotten what the pre-Xerox era was like, too, and can no longer relate to the astonishment we felt when the technology was new. That astonishment was, well, astonishing. Shortly after the first Xerox office copier was introduced, in 1960, a journal for librarians pointed out, in the tone that Christopher Columbus must have used to describe the coast of San Salvador to Queen Isabella, that the curious new machine might be used to make copies of old books. In an article about the Xerox Corporation which The New Yorker published in 1967—seven years later—the writer John Brooks described a still more remarkable application:






One rather odd use of xerography insures that brides get the wedding presents they want. The prospective bride submits her list of preferred presents to a department store; the store sends the list to its bridal-registry counter, which is equipped with a Xerox copier; each friend of the bride, having been tactfully briefed in advance, comes to this counter and is issued a copy of the list, whereupon he does his shopping and then returns the copy with the purchased items checked off, so that the master list may be revised and thus ready for the next donor. (“Hymen, iö Hymen, Hymen!”)







In the early days of the automobile, people no doubt bothered to point out that the new invention might be employed to “facilitate travel” and so on. Brooks’s amazement was unbounded. He marveled that police officers “in New Orleans and various other places” sometimes used Xerox machines to make pictorial records of objects confiscated from prisoners; that some hospitals copied “electrocardiograms and laboratory reports”; and that stock brokerages had begun using Xerox machines in the distribution of “hot tips.”




 




THE FIRST OFFICE COPIERS WERE,as is well known, monks. When Johannes Gutenberg invented movable type, in the early 1400s, monkdom trembled. Carbon paper, the typewriter, and blueprints, among other things, were invented in the nineteenth century. The decades flew by. Relatively convenient copying began to be possible only in the early 1950s, half a millennium after Gutenberg, when the world’s first true office copiers were introduced. The new machines had names like Thermo-Fax, Dupliton, Dial-A-Matic, Autostat, Verifax, and Copease, and all of them were reasonably compact and inexpensive to buy. Their chief drawbacks were that they cost a fortune to operate (since they used expensive chemically treated papers) and that the copies they made were hard to read, smelled bad, didn’t last very long, and had a tendency to curl up into tubes.




Office copying as we know it didn’t arrive until 1960, when a small photographic supply company in Rochester, New York, shipped the first Haloid XeroX 914 Office Copier. (The second capitalized X is a flourish that the company later dropped.) The 914’s manufacturer, which had started life as the Haloid Company, is known today as the Xerox Corporation. The 914 employed a copying process that was revolutionarily different from anything used in machines made by other companies; that process was called xerography, and unlike all competing techniques, it made sharp, permanent copies on ordinary paper. The 914, furthermore, was simple enough for a child to operate. Essentially overnight, people began making copies at a rate that was orders of magnitude faster than anyone had believed possible. Even when the machines didn’t work properly—and they often didn’t—users became convinced that Xerox copiers were indispensable. Before long, Thermo-Fax, Dupliton, Dial-A-Matic, Autostat, Verifax, Copease, and all the other machines based on different copying technologies had disappeared.




Xerography, unlike most mid-twentieth-century technological innovations, has never been superseded. My Canon PC-10 was a xerographic copier, and my Xerox XC1045 is a xerographic copier, and the copier in your office is a xerographic copier. All these machines, no matter which company’s nameplate is affixed to the front, are direct descendants of the 914. Indeed, the vast majority of the documents that a typical American office worker handles in an ordinary day are produced xerographically, either on copiers manufactured by the Xerox Corporation and its competitors or on laser printers, which also operate xerographically and were invented, in 1969, by a Xerox researcher. (Most of the relatively few nonxerographic plain-paper copiers in the world—found mainly in private homes—are ink-jet machines, which typically operate much more slowly than xerographic devices do and are more expensive to run.)




People often assume that xerography must be related to conventional photography, but it’s not. It is unlike any technology that preceded it, and it was not a refinement of a previously existing process. Its central component is a surface known as a photoreceptor. In the 914, the photoreceptor was a thin layer of selenium applied to the outside of an aluminum cylinder. Selenium is an unusual element in that it acts as an electrical insulator in the dark and as an electrical conductor in the light. If you place a selenium photoreceptor in a dark room and spray a uniform electrostatic charge onto its surface, the charge will remain until you turn the lights back on, at which point the selenium will become conductive and carry the charge away into the (grounded) aluminum cylinder underneath.




If you shine a light on a document in such a way that an image of the document is projected onto a charged selenium photoreceptor, the selenium coating will retain its charge in those areas where no light falls—that is, in those areas that correspond to the dark ink on the document—and lose it everywhere else. If you then sprinkle an oppositely charged powdered resin onto the selenium coating, the resin will stick to the areas where the charge remains, in the same way that house dust sticks to a staticky balloon. Doing so will produce on the surface of the selenium a visible mirror image of the original document. You can then transfer the resin to a sheet of paper and melt it, making a permanent copy. (In a laser printer, the light that shines on the photoreceptor comes from a digitally controlled laser, but the other components and steps are the same. In some xerographic devices, the light source is a fiber-optic array.)




Xerography is unusual among modern inventions in having been conceived by a single person. There was no one in France or Russia who was working on the same thing. The Chinese did not invent it in the eleventh century BC. The inventor was a shy, humble patent attorney named Chester Carlson. He grew up in almost unspeakable poverty, and he made his discovery in solitude. For nearly a decade after he thought of xerography, the process—which he initially called electron photography and then called electrophotography—was his private obsession. He offered his idea to two dozen major corporations, all of which expressed what he called “an enthusiastic lack of interest” and thus missed an opportunity to manufacture what Fortune magazine would later describe as “the most successful product ever marketed in America.” So persistent was this failure of capitalistic vision that by the time the 914 Office Copier went into production in 1960, the original patent covering its internal processes had expired. In fact, Carlson’s idea was so unusual and nonintuitive that it could conceivably have been overlooked entirely. Scientists who visited the drafty warehouses in Rochester where the first machines were built sometimes expressed doubt that the process was even theoretically feasible.




It is often interesting to speculate what life would be like if some conspicuous element of it were removed. Suppose, for example, that the universe contained no solid material that was also transparent—no glass or plastic or anything similar. Without such a substance we would have no windshields, no light bulbs, no contact lenses, no television sets, no optical telescopes, no see-through shower curtains, and so on. What would we do? The loss of xerography would be less dramatic but would still be profound. We would have fewer lawyers, larger forests, smaller landfills, no Pentagon Papers, no laser printers, more (fewer?) bureaucrats, shorter (longer?) meetings, better memories, more secrets, fewer cartoons on our refrigerators, less to read at work every day (along with more time in which to read it), and a lot less information in general.




The invention of the Xerox machine was an epochal event in the history of communication and, therefore, in the history of civilization. It gave ordinary people an extraordinary means of preserving and sharing information, and it placed the rapid exchange of complicated ideas within the reach of almost anyone—a potent and, indeed, subversive capability, whose reach and ease of use have been exceeded only relatively recently, by the World Wide Web and e-mail. In the former Soviet Union, whose totalitarian rulers maintained their power in part by monopolizing access to information, copiers were guarded more closely than computers, and individual copies were numbered, so that they could be traced.




Yet today we take xerography almost entirely for granted. The only way to regain an appropriate sense of its importance is to go back to the beginning.
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BEYOND THEREACH OFACCIDENT
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UNTIL FIVE HUNDRED YEARS AGO,the only way to reproduce a document was to write it out again. The copying was done by scribes—service workers who created the economic niche later filled by printing presses, carbon paper, Ditto duplicators, and Xerox machines.




Copying was a religious monopoly for centuries. The first full-time scribes were priests and monks, and the first books were holy texts. Tablets made of clay were followed by tablets made of wax—the first erasable writing medium—and both were replaced by papyrus. Sheets of papyrus were manufactured by compressing crisscrossed strips of pith cut from the stringy stems of a weed that grew on the banks of the Nile. Squeezing the strips under heavy stones removed moisture and caused natural sugars in the pith to act like glue, melding the layers. (Papyrus can be considered the ancestor not just of paper—which was named for it—but of plywood, which is also manufactured by bonding and compressing cross-laminated sheets of fibrous vegetable matter.) Papyrus was followed by parchment, which was sheepskin that had been soaked in various liquids, stretched and dried on a wooden frame, scraped smooth on one side with a circular knife, and scoured with a pumice stone. Parchment is the reason college diplomas are called sheepskins, although many years have passed since any graduate received anything but paper. Closely similar to parchment was vellum, which was calfskin prepared in the same manner (though scraped on both sides).




Parchment and vellum were later supplanted by paper, which was invented by the Chinese four thousand years ago and then—one and two and three millennia later—imported, imitated, and reinvented by the rest of the world. Like papyrus, paper receives its strength and flexibility from compressed masses of plant fibers arranged in opposition to one another; in paper, the arrangement is more chaotic. In medieval Europe, the most common fiber source for papermaking was linen and cotton rags, which were wetted and left to molder, pounded until their threads had become unwoven and unspun, and soaked and stirred in giant vats. The resulting pulp was strained through sieve-like molds, then squeezed in screw presses until almost all the water had been removed. Even the best paper was inferior to parchment and vellum as a surface for writing, but it was cheaper. Its proliferation in Europe in the Middle Ages was made possible by a sudden huge increase in the availability of inexpensive recyclable rags: the heaps of unwearable clothing left by victims of various plagues. Today, most paper is made of fibers that originated in trees, a source that was suggested to early papermakers by the nests of wasps.




For the human copying machines of the medieval world, the crucial office supply was always light. An order’s scriptorium—its copy center—was often situated within a colonnaded cloister walk, giving scribes maximum uninterrupted exposure to the sun. The walk’s open side also admitted winter weather, and the scribes, who worked at their writing tables for six hours or more a day, suffered from stiff backs, cold fingers, and frozen ink. The earliest inks took their color from candle soot and other readily available forms of carbon, and were ephemeral. Later inks were better. Among their most important ingredients were iron and one of several tannin compounds extracted from oak galls, which are tumorlike growths that oak trees generate in response to infestations by parasitic wasps. (Wasps were second only to humans among contributors to early copying technology.)




When multiple copies of a single book were required, one monk dictated to others; when a scribe copied directly from a book, he dictated quietly to himself, sounding out the words as he worked. Silent reading was a late innovation in Europe; it didn’t begin to catch on widely until the tenth century, although there were isolated instances before then. The future St. Augustine was astonished the first time he saw someone reading without moving his lips, in Milan in the fourth century. (“When [Bishop Ambrose] read his eyes would travel across the pages and his mind would explore the sense, but his voice and tongue were silent,” Augustine wrote in his Confessions , which has been called the first Western book almost certainly intended by its author to be read in privacy by individuals rather than declaimed.) Except for the dictating and the sounding out, though, talking was forbidden in scriptoria. To circumvent the ban, monks devised systems of hand signals, and jotted notes in the margins of the pages on which they were working—two of the earliest known attempts to combat the monotony of copying.




Over time, scribes became specialized, like the tools on an assembly line. One of them might do only body text, another only dropped capitals, another illustrations. Some proofread. (Meticulous checking was crucial, because uncaught errors cascaded through subsequent iterations.) The steady accretion of duplicates stimulated further demand; the ability to make copies caused more copies to be made. Copying also moved beyond the monasteries. Secular scribes were common near commercial centers and universities—exactly the sorts of places where you’d be most likely to find a Kinko’s today.




 




THE THIRD GREAT MILESTONEin the history of copying was the invention of mechanical printing—the duplication of text or images by transferring them from one surface to another rather than re-creating them by hand. Rudimentary printing, of pictures, probably originated in Buddhist monasteries in India around the middle of the first millennium, and from there it spread to China and the rest of Asia, where the technology was soon adapted to duplicating text. (If you broaden your definition, you can extend printing’s origin back much further. Around 1700 BC, someone in Crete used stamps to impress hieroglyphs on both sides of a clay disk; a signet ring is a printing press.) By the year 1000, books assembled from page-size wood-block prints were relatively common in China.




In the West, the invention of mechanical printing is almost always attributed to Johannes Gutenberg, a fifteenth-century German.*Most of the little we know about him—that he may also have invented a new kind of mirror to sell to religious pilgrims, that he may have surrendered some cases of metal type to settle a lawsuit—comes from court records. In a world in which copies had to be made by hand and were therefore rare, one of the best ways to keep a name alive was to involve it in litigation, since courts were among the few places where documents were created and preserved. Court records constitute almost all we know about William Shakespeare, too (except for his plays, which were printed).




Gutenberg is usually referred to as the inventor of the printing press—and he was—but his history-transforming innovation was movable metal type. Four hundred years later, Thomas Carlyle would write: “He who first shortened the labor of copyists by device of movable types was disbanding hired armies, and cashiering most kings and senates, and creating a whole new democratic world.” Movable type survived for more than five centuries in a form Gutenberg would have recognized. His system involved casting individual characters in metal molds; arranging the castings, later called “sorts,” in lines within page-size forms; and using a screw press (like the ones that were used to remove water in papermaking) to transfer ink from the type to sheets of paper. The process was fantastically labor intensive by modern printing standards. In the early years, a skillful worker might cast four thousand sorts in a day, which sounds like a lot but would have been enough to typeset only two or three pages of the book you are reading. Sorts could be rearranged and reused—that was Gutenberg’s breakthrough—but not until a printer had made all the copies he needed of the page into which they had been locked.




We tend to think of technological revolutions as absolute—one day, monks; the next day, printing presses—but most innovations are adopted gradually, and few fully supplant the processes they theoretically make obsolete. For editions of fifty or even a hundred copies, a well-run fifteenth-century scriptorium could be more efficient at producing books than a well-run fifteenth-century printing shop, and competition between scribes and printing presses continued for decades. More than fifty years after the publication of the book we call the Gutenberg Bible, the issue was still alive even in Gutenberg’s own country, where printers were more numerous than they were anywhere else in the world. In 1494, a quarter century after Gutenberg’s death, the Abbot of Sponheim—a German cleric, whose interests included not only copying but also shorthand, cryptography, and the possibility that angels might be employed to carry secret messages over long distances—wrote a treatise called De Laude Scriptorum (“In Praise of Scribes”), in which he argued that monks should not allow the invention of printing to stop them from copying books by hand. He contended that handwritten books would last longer than printed ones, and that hand copying itself was a virtuous activity because a copyist could pause in the course of his work to pray. To ensure that his treatise received the readership it deserved, the Abbot had it printed.




 




WHEN GUTENBERG MADE BOOKS,he reproduced illustrations the way the Chinese did: with carved woodblocks, which he incorporated into his page forms. Printing from woodblocks and printing from metal type are both subsets of a single general printing technique, called relief printing: the ink is applied to surfaces that stand out in relief, or protrude, from a nonprinting background, and when paper is pressed onto those surfaces and then pulled away, much of the ink comes with it.




Around the time of Gutenberg’s birth, an Italian invented a method of reproducing images which solved the same problem from the opposite direction. The method is called intaglio. An intaglio engraver creates a printable surface not by removing the nonprinting background areas, the way a woodcarver or a type founder does, but by carving away the lines of the image itself, usually on a plate made of polished copper or some other soft metal. After the desired text or image has been engraved (in reverse), the plate is inked and then wiped clean, so that the ink remains only inside the carved indentations, below the surface of the plate. A piece of paper is then pressed firmly against the plate, causing the ink in the indentations to transfer to the sheet. The finely detailed engravings in old books are often examples of intaglio printing; so are engraved wedding invitations and all U.S. currency. (On an engraved wedding invitation or a reasonably recent dollar bill, the areas directly behind any printed characters or images appear slightly depressed, you’ll notice if you look closely, because those areas were squeezed into the indentations in the plate.)




The next great step forward in duplication was the invention of lithography, or “stone writing.” Because lithography was invented after printing and copying had become comparatively common, we know much more about its creator and the circumstances of his discovery than we do about Gutenberg. In 1795, a twenty-four-year-old German playwright and former law student named Alois Senefelder—who looked like a slightly scruffy version of Beethoven—was experimenting with printing methods. His father, a noted actor, had died a few years before, leaving Senefelder largely responsible for the support of his mother and eight siblings. His inaugural effort as a professional writer—a play called The Connoisseur of Girls , which was first performed in 1789, shortly before his father’s death—had been a financial success, but since that time he had had difficulties with publishers, and he set out to devise an economical means of printing his works himself.




Senefelder was an engagingly open-minded researcher; at one point, he explored the possibility of fashioning printing plates from what was almost baked pastry. He also reasoned that stone might make an inexpensive and easy-to-use engraving medium for intaglio printing, and he tried his idea several times, with mixed success. Then, one day, his mother asked him to quickly make a list of the items in a load of clothing she was about to send out for laundering. “I happened not to have even the smallest slip of paper at hand,” he wrote, “as my little stock of paper had been entirely exhausted by taking impressions from the stones; nor was there even a drop of ink in the inkstand.” His mother was in a hurry, though, so he dipped a pen in a waxy, experimental ink (which he had recently created for use in his intaglio experiments) and wrote the list on the polished surface of a large piece of Kelheim limestone, intending to copy it later with a pen and paper.




As soon as the laundry was out the door, though, Senefelder looked at the waxy marks on the stone and was inspired: perhaps the stone could be used to make relief prints instead of intaglio ones. He bathed the limestone surface in a solution of nitric acid, figuring the acid would etch away stone everywhere except in the places where the waxy ink protected it. After five minutes, he removed the acid and rinsed the surface—but was disappointed to find that the stone appeared to have been affected very little, rather than being deeply etched, as he had hoped. He applied printer’s ink to the written image anyway, and the ink, which was oil based, stuck readily to the wax. After the stone had dried, Senefelder pressed a piece of paper onto its surface, then peeled away a print—a lithograph. Although the difference in relief between the etched and unetched parts of the stone was less than a hundredth of an inch, Senefelder estimated, the stone plate printed as effectively as a carved block of wood.




Senefelder’s subsequent printing results were not uniformly encouraging—“I was soon deterred from farther improving on the press, as, on one occasion, I had a very narrow escape from being killed by the great stone of 300 pounds, which always fell from a height of ten feet”—but he kept tinkering. Eventually he realized that the crucial contribution of the acid rinse lay not in lowering the profile of the nonprinting areas, as he had believed at first, but in enhancing the stone’s ability to become saturated by water, making it repellent to oil-based inks, which therefore adhered only to the waxy image to be reproduced. This is the central principle of lithography. Senefelder received the first of several patents in 1799; adapted the process to plates made of metal and plates made of a vellumlike “artificial stone paper”; founded a successful printing company, called Senefelder, Gleissner & Co., in 1806; and published a comprehensive, chatty reference work on his invention in 1817 (and later translated it into English).




Lithography revolutionized printing. It also represented the first reasonably economical method of duplicating ordinary documents—a capability that Senefelder himself believed to be “the principal and most important part of my discovery.” To quickly make a hundred copies of an advertising circular, say—or of an essay denouncing your nation’s government—you could write your text on an ordinary sheet of paper using Senefelder’s waxy “chemical ink”; press the still-wet written surface onto a polished stone plate, thereby transferring the image, reversed, to the stone; and proceed by the lithographic printing method that Senefelder had devised. “In order to multiply copies of your ideas by printing,” he wrote, “it is no longer necessary to learn to write in an inverted sense; but every person who with common ink may write on paper, may do the same with chemical ink, and by the transfer of his writing to the stone, it can be multiplied ad infinitum.” This capability of lithography anticipated a phenomenon familiar to anyone who has ever been buried beneath piles of unnecessary copies while working on a committee: “All resolutions, edicts, orders, &c. , agreed to in the cabinet meetings, are written down on paper by the secretary with chemical ink; in the space of an hour fifty impressions may be had and distributed at pleasure.”
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 Senefelder’s lithographic printing press.




Today, only artists—and not many of them—still use stone plates in making lithographs, but direct descendants of Senefelder’s invention are employed in printing virtually every newspaper, magazine, and book that you read, including this one. Lithography also played an essential role in the development of xerography and in the survival of the first commercial Xerox machine—as a later chapter will explain.




 




•   •   •




IN 1612,A GERMANJESUIT PRIEST named Christoph Scheiner published a series of letters arguing that sunspots—which had recently been observed by Scheiner himself and by his fellow astronomer Galileo, among others—were not features of the sun’s surface, as Galileo correctly believed, but rather were planets or other satellites, which became visible from Earth as their movements through the heavens caused them to eclipse the solar disk. The issue was theologically important because Christian doctrine in those days was generally considered to work better if the sun was a perfect, unblemished orb. Scheiner was wrong about sunspots, but he was nevertheless a gifted scientist. He wrote an important work about sundials, made several improvements in the telescope, and correctly determined the retina’s role in vision.




Scheiner also built a copying machine. (Germans are more abundant than even wasps in the history of copying technology.) In 1603, at the age of thirty, he built a “pantograph,” a brilliantly simple device that employed principles of Euclidean geometry to make duplicates, enlargements, and reductions of existing images. A pantograph consists of four rods arranged in a parallelogram and joined, at the points where the rods intersect, with pivoting hinges. Tracing a drawing with a stylus inserted at one position in the device causes a pen at a second position to reproduce the drawing in perfect proportion. A pantograph can also be used to reproduce writing, by simultaneously creating an original and an exact facsimile.
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 Pantograph owned by Thomas Jefferson.
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Many writers have credited Scheiner with inventing the pantograph, but Leonardo da Vinci, Michelangelo, and various ancient Greeks, among many others, used pantographs, too, or devices similar to them. And even Schemer’s pantograph was directly inspired by someone else, an artist acquaintance of his named Georgius, who had “boasted to me of possessing an admirable invention, namely, a compendious method of delineating any object most easy, sure, and speedy to practise; so that whoever would take a drawing from any original, did it by regarding the original alone, without needing to look at the copy.” Based on Georgius’s description, Scheiner deduced the principle and built one of his own.




During the next two centuries, the pantograph was improved, forgotten, and reinvented several times. (Repeated reinvention of useful objects was a common phenomenon in the centuries before easy document reproduction improved civilization’s ability to remember previous innovations.) Christopher Wren—most famously the architect of St. Paul’s Cathedral in London, but also a noted astronomer, mathematician, and inventor—patented a pantograph in 1631, claiming that it was useful in “diminishing the tedious labour of transcriptions of the greater sort of deeds, indentures, conveyances, charters, and all other duplicates.” In 1648, William Petty, who was then a professor of anatomy at Oxford University, invented a version that he described as “an instrument of small bignes,” which could be used to “write two copies of the same thing at once.” (Petty illustrated his anatomical lectures with a pickled human cadaver, which he had “brought by water from Reading,” according to a reminiscence by a near contemporary.) Similar devices were made and used by others. One was invented in the late 1770s by Erasmus Darwin, who was a grandfather of Charles Darwin. Erasmus described his creation, which he called a bigrapher, as “a pen with two beaks,” and he constructed several versions, which he used to make duplicates of his own letters. In 1763, a Frenchman named Cotteneude invented a three-pen pantographic copier and referred to it both as a copiste habile and a polygraphe; the latter name stuck and was adopted by others, both in French and in English, although Cotteneude’s device didn’t work very well. Among the main difficulties faced by all early designers and users of pantographic copying devices were the limitations imposed by the inconsistent size and quality of quill pens, which were cut by hand from goose feathers. (“Pen” comes from the Latin penna , meaning “feather,” and penknives are called penknives because their original purpose was to cut pens from quills. The German word for “pen,” and for “feather,” is feder.)
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 Early sixteenth-century scribe, apparently using a pantograph.




In 1803, a significantly better version of the polygraph was created by John Isaac Hawkins, a clever and ambitious young English expatriate living in the United States. Hawkins manufactured and marketed his device in partnership with Charles Willson Peale, an American friend of his, who had been experimenting for some time with copying machines of his own. Like all polygraphs, Hawkins’s looked like a big, complicated mousetrap—or like an old-fashioned swing set intended for children the size of Barbies. In one version, two pens were suspended side by side in an elaborately articulated wooden frame and were separated laterally by slightly more than the width of a sheet of paper. (There were also models with three, four, and five pens.) Moving either pen in any direction caused the other to move in tandem: east and west, north and south, and, most crucially, forward and up and down into a pair of inkwells, which were set into the center of the frame. In his application for a British patent, Hawkins wrote that the device could be used to make multiple facsimiles of letters, drawings, and paintings; to rule sheets of paper with straight, parallel lines; to draw single or multiple portraits, landscapes, and images in perspective; to make enlargements and reductions; and to create “secret correspondence”—distorted script that could be rendered legible only by using a second machine to “retract” it.
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 One of Thomas Jefferson’s polygraphs.
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Among Hawkins and Peale’s earliest and most enthusiastic customers was Thomas Jefferson, who had an insatiable passion for cool gizmos and had become acquainted with Hawkins while purchasing an earlier creation of his: a five-and-a-half-octave piano, which Jefferson wanted for one of his daughters. (Hawkins’s numerous other inventions include a method of waterproofing fabric, an improved method of distilling liquor, and a technique for making paper from corn husks.) Jefferson loved his polygraph. “I think this is the finest invention of the present age,” he wrote in his diary in 1804. “As a secretary to copy for us what we write without the power of revealing it, I find it a most precious possession to a man in public business.” He eventually owned so many polygraphs—some of which are now displayed at Monticello—that he is often credited with having invented the device. He did not, but he did suggest numerous improvements, quite a few of which were incorporated into subsequent versions, and he maintained a supply of spare parts so that he could make repairs and adjustments.




Jefferson, even before he owned a copying machine of his own, was one of the first people anywhere to understand the sweeping historical, cultural, and political significance of office copying. In the early 1760s, as a teenage undergraduate at William & Mary College, he had undertaken an ambitious project to preserve a large number of early-Colonial-era legal documents, which had been carelessly stored at the Public Record Office in Williamsburg. (He wrote out fresh copies of crumbling old manuscripts, and sewed vulnerable pages in protective oilcloth wrappers.) A few years later, in 1770, a catastrophic fire at his family’s home, Shadwell, destroyed most of his own written records, along with those of his parents—a loss that sharpened his already acute sense of the potentially disastrous impermanence of unique paper documents. In later years, he devoted much effort and ingenuity to copying and preserving his correspondence and other writing, and he borrowed back letters he had written years before, in order to make facsimiles for his files.




The source of this busywork was Jefferson’s conviction that democracy and copying are intertwined: copying turns information into public information. Silvio A. Bedini, in a 1984 book called Thomas Jefferson and His Copying Machines , quotes an eloquent letter on the subject which Jefferson wrote in 1791 to a historian named Ebenezer Hazard, who shared at least some of Jefferson’s concern: “Time and accident are committing daily havoc on the originals deposited in our public offices. The late war has done the work of centuries in this business. The lost cannot be recovered; but let us save what remains: not by vaults and locks which fence them from the public eye and use, in consigning them to the waste of time, but by such multiplication of copies, as shall place them beyond the reach of accident.”




 




IN THE HANDS OF A careful user, a well-calibrated polygraph could produce permanent copies that were indistinguishable from originals. Bedini writes that many of the polygraphic copies Jefferson made “have remained fresh and totally legible” after two centuries, even in those instances where the tip of the copying pen became snagged in the fibers of the paper on which the facsimile was being produced—a common occurrence: “Remarkably, the polygraph resumed operation after such accidents, writing on after blank or blot.” Many of Jefferson’s copies, Bedini says, are known to be copies only because Jefferson himself so labeled them.




Users who were less mechanically adept than Jefferson generally felt less enthusiastic about polygraphs, and the devices consequently never found a mass market. (Unlike almost all successful office machines, the polygraph was meant to be operated not by clerical underlings but by their impatient, time-pressed bosses—a bad marketing strategy.) Vastly more popular, and ultimately more significant, was a copying machine that Jefferson himself had used for two decades before rejecting it in favor of the polygraph: the copying press. Although few people today know that this device ever existed, for more than a century it was the most important mechanical office copier in the world.




The copying press principle was both very simple and very old. As soon as people began to write with ink, they noticed that a reversed image of fresh handwriting could be made if a second sheet of paper (or a shirtsleeve or a hand) was pressed against it while the ink was still wet. In the late 1770s, James Watt—the inventor of the modern steam engine, the originator of the concept of “horsepower,” and the man after whom the metric system’s base unit of the rate of energy consumption was named—elevated that principle into a piece of office equipment.




Watt’s interest in copying technology was personal. His steam engine company required, every day, a large and steadily increasing number of copies—of bills, of inventories, of ordinary correspondence—and Watt yearned to find a mechanical replacement for the burgeoning corps of human copyists he was forced to employ. Watt was a friend of Erasmus Darwin’s, and both men were members of the Lunar Society, an association of fourteen learned friends who met once a month for several hours of vigorous discussion (about science, manufacturing, philosophy, and other subjects) and drinking. When Darwin, having just thought of the principle behind his bigrapher, announced at a Lunar Society meeting in 1779 that he had conceived of a device for duplicating script, Watt responded, “I hope to find a better solution of the problem. I will work out my ideas tonight and will communicate them to you tomorrow.” The result was the copying press, which Watt patented and began to manufacture in early 1780.




You’ve probably seen a copying press without realizing what it was, very possibly in an antiques store or at a flea market, where it was almost certainly called a “book press.” The most popular models were cast-iron screw presses, which were equipped with a heavy iron pressure plate that could be lowered, and raised again, by turning a horizontally mounted iron handle or wheel—the sort of wheel you might use to shut off a steam valve or batten down a hatch on a submarine. Other models exerted force not by lowering an iron plate but by rotating a heavy cylinder, which operated like a rolling pin or like the mangle on an old washing machine. A user took a freshly written document, placed a moistened sheet of translucent paper against the inked surface, and squeezed the two sheets together in the press, causing some of the ink from the original to penetrate the second sheet, which could then be read in the proper orientation by turning it over and looking through its back.*
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 Copying press with rolling-type moistening attachment, 1886.




To make good reproductions in this manner, a user needed not just a copying press but also the right kind of ink, the right kind of paper, and a number of other items, all of which Watt’s company and several competitors supplied. Several pieces of standard nineteenth-century office equipment which now mystify people are in fact copying press accessories that were once widely used: flat drawers and divided shelves for filing individual press copies or storing bound copy books; heavy iron stands for supporting screw-type presses (and resisting their considerable torque); brushes and iron water bowls used in wetting pages; “blotter baths”; “dampening chambers”; and “drying books.”




The earliest customers for Watt’s invention included Benjamin Franklin, who ordered three of the devices in 1780. Franklin—whose first job was as a printer’s apprentice and who, throughout his life, gave his occupation as “printer”—had long been interested in the copying problem, and, a few years later, invented a somewhat quirky method of his own. That method involved writing on a metal or stone plate with a viscous ink similar to Watt’s; sprinkling fine sand, emery, or iron filings onto the ink while it was still wet; using a press to squeeze the dusted plate against a woodblock so that the granular material was transferred to and partially embedded in the wood; and using the treated woodblock as a relief printing plate, by inking the surface of the embedded material, which stood slightly higher than the background. The prints thus made were crude and often hard to read, and the method couldn’t be used to make copies of correspondence, since there was no original; but the project was typical of Franklin, who was always fiddling with something.




Adam Smith ordered a copying press, along with a ream of copying paper, in 1780. George Washington was given one in 1782 and later bought another. Jefferson acquired his first in France in 1785, having learned of the invention from Franklin. Four years later, when Jefferson was about to take office as the first secretary of state, he bought one for the State Department as well. This was the first office copier owned by the United States government and one of the first copying presses owned by any government anywhere in the world. Jefferson also designed a portable version (similar to ones manufactured by others, including, eventually, Watt himself), and he carried it with him on the road in much the same way that a business traveler nowadays carries a notebook computer. In fact, Jefferson’s model, which included a built-in miniature roller press, wasn’t all that much bigger than a jumbo laptop. And its cabinet, which was made of wood and had brass fittings, contained storage compartments for Jefferson’s razors, strop, shaving brush, toothbrush, comb, and nightcap. By the late nineteenth century, portable copiers that could be tucked into a coat pocket had become popular among salesmen and others who traveled frequently. One such device consisted of a wooden dowel along the length of which one edge of a flexible tablet of copying paper had been attached. A freshly written sheet was placed between two leaves in the tablet, and the tablet was then tightly rolled up, by hand, around the dowel.
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 Portable copying press, 1899.




PEOPLE IN THE DOCUMENT BUSINESSdistinguish between copiers and duplicators. Describing the difference is harder to do with definitions than with an inexact analogy: If you gave birth to identical triplets, the three babies would be duplicates; if you then cloned one of the triplets, the fourth baby would be a copy. In this sense, a printing press is a duplicator, while a standard Xerox machine is a copier. A duplicator produces identical documents, of which none is truly the “original”; a copier makes facsimiles of documents that already exist. With a duplicator, there is always an intermediate phase—a woodblock, a page form filled with metal type, a lithographic plate—between the source document and the duplicates. Once you’ve written a letter on a sheet of paper, you can’t reproduce it simply by feeding it into a printing press; you have to transfer your text to a printing plate of some kind first, then use that plate to make prints—each of which is then a duplicate of every other rather than a copy of anything.




This distinction is impossible to honor strictly, but it is historically significant nevertheless. After the era of monastic scribes—who acted as copiers when they reproduced existing books and as duplicators when a roomful of them transcribed another monk’s dictation—duplication was a vastly easier problem to solve than was true copying. In fact, until 1780, when Watt invented his copying press, all the world’s copying machines were actually duplicators: engraved copper plates, Gutenberg’s printing press, all pantograph-based devices (which produced equivalent duplicates rather than facsimiles of preexisting originals). Watt enabled people, for the first time in history, to mechanically make a facsimile of a document already in hand. This new capability was sharply limited, because a copying press could copy only originals that had been written very recently and with a modified ink, and each such original could be reproduced only a limited number of times. Still, it was something brand new in the world.




Like the printing press before it, the copying press failed to put scribes entirely out of work, and the two technologies, one mechanical and one human, coexisted for most of the nineteenth century. Even in the late 1800s, labor was so inexpensive that significant numbers of businesses continued to rely at least in part on human copying machines. The work was drudgery, of course; when a mid-nineteenth-century fiction writer needed a wretched character, an easy choice was a copyist: Gogol’s Akaky, Dickens’s Cratchit, Melville’s Bartleby. (The job still exists on a limited scale today, in any small business that tracks its accounts manually in double-entry ledger books rather than electronically on computers.)




Nor were copying presses immediately displaced by some brand-new successor technology. The presses were so widely used, and for so long, that James Watt’s entry in the 1899 edition of the British Dictionary of Biography could describe his invention, 119 years after he had filed his patent, as “universally employed.” Few people today know what copying presses were, yet the date of their extinction is quite recent. The last president whose White House correspondence was copied on a copying press was not Abraham Lincoln or Andrew Johnson but Calvin Coolidge, who left office in 1929. And copying presses continued to be used elsewhere, though mostly in very limited applications, for another thirty years after that. Indeed, until the mid-twentieth century there were instances in which a copying press (which, after all, transferred the exact image of its original) was the only available means, other than taking a photograph, of creating a legally indisputable perfect copy—a function that in 1960 would be taken over, once and for all, by the Xerox machine.




 




IT TOOK TWO NEW INVENTIONSworking together to begin to displace the copying press as the world’s foremost device for reproducing routine office correspondence. The first was carbon paper, which was invented in 1806 by an Englishman named Ralph Wedgwood; the second was the typewriter, which was introduced in the 1870s. Neither carbon paper nor the typewriter alone would have been sufficient, but the two inventions together eventually put copying press manufacturers out of business.




Ralph Wedgwood was a black sheep member of the famous pottery family and therefore also a relative of Charles Darwin’s. (Darwin’s maternal grandfather was Josiah Wedgwood.) He called his invention Wedgwood’s Patent Stylographic Manifold Writer, and originally intended it as a writing aid for the blind. The system’s central element was a sheet of ink-soaked paper, which Wedgwood called “carbonic” or “carbonated” paper. Thomas Jefferson, America’s original copying evangelist, tried it and didn’t like it very much, although he acknowledged that a traveler might find it useful. “The fetid smell of the copying paper would render a room pestiferous if filled with presses of such paper,” he wrote in a letter to Charles Willson Peale, who had been worried about the competition.




Wedgwood’s system, in addition to smelling bad, was harder to use than later carbon papers would be. The main difference was that Wedgwood’s paper, having been fully saturated with a pigmented oil, was inky on both sides. A user placed a sheet of it between a sheet of translucent paper and a sheet of regular paper, and wrote on the translucent sheet with a stylus made of metal, glass, or agate. Pressure from the stylus, which wasn’t inked, produced a reversed image on the back of the translucent sheet and a properly oriented image on the front of the regular sheet. The regular sheet was treated as the “original”—it was the page that went into the mail—while the translucent sheet, which had to be flipped over in order to be read in the correct orientation, was filed. This awkward-seeming system was made necessary by quill pens, which couldn’t be pressed hard enough to cause Wedgwood’s carbon paper to leave a legible image.




By midcentury, pens and carbon paper had both been improved to the point where carbon copies could be made in the manner familiar to twentieth-century users. The 1881 edition of a popular reference book, The Household Cyclopedia of General Information , contained a recipe for making your own: “A mixture of equal parts of Frankfort black, and fresh butter is now to be smeared over sheets of paper, and rubbed off after a certain time. The paper, thus smeared, is to be pressed for some hours, taking care to have sheets of blotting paper between each of the sheets of black paper.” Frankfort black was a popular nineteenth-century pigment, originally imported from Germany. According to a 1913 dictionary, it was prepared by “burning vine twigs, the lees of wine, etc.”




Wedgwood made some money from his invention, but carbon paper didn’t really flourish until it was paired with the typewriter, which struck paper with enough force to create an attractive original and several acceptable facsimiles. The first truly practical typewriter was the Sholes & Gliddon, introduced in 1874 by E. Remington & Sons, a manufacturer of sewing machines and guns. (The earliest model looked like a sewing machine—it had a treadle-powered carriage return—and sounded like a gun.) Among the first customers was Mark Twain, who was almost as much of a gadget-loving early adopter as Thomas Jefferson. Twain paid $125 for his machine, which typed only in capital letters. Late in his life, he claimed (in an unpublished autobiography) to have been “the first person in the world to apply the type-machine to literature”—since in 1874 he had hired a typist to make a copy of part of the manuscript for one of his books, most likely The Adventures of Tom Sawyer. (Twain is also often said to have been the first person in the world to have had a telephone installed in his home.)




Twain actually despised his typewriter, which he found complicated and frustrating, and soon got rid of it. When Remington, in 1875, asked him for an endorsement, he wrote, “GENTLEMEN:Please do not use my name in any way. Please do not even divulge the fact that I own a machine. I have entirely stopped using the Type-Writer, for the reason that I never could write a letter with it to anybody without receiving a request by return mail that I would not only describe the machine, but state what progress I had made in the use of it, etc., etc. I don’t like to write letters, and so I don’t want people to know I own this curiosity-breeding little joker. Yours truly, SAML.L. CLEMENS.”Remington happily, and quite understandably, reproduced this note (under the headingWHAT “MARK TWAIN” SAYS ABOUT IT) in all its advertising.




The function performed by the carbon-paper-and-typewriter combination fell somewhere between copying and duplicating. Carbon paper isn’t really a copying device, since you couldn’t use it to (for example) make a copy of the crossword puzzle in today’s newspaper. But it produced as many as ten duplicates without an intermediate step, and it economically performed almost all the same functions that a copying press did. As a result, the copying press gradually disappeared, not only from offices but also from the collective memory of the world.




 




ONE OF THE MOST IMPORTANTnineteenth-century advances in copying technology didn’t involve the creation of a new device—although it did enhance all existing copying devices (and several still-to-be-developed ones). This was the invention of aniline dyes, the world’s first synthetic coloring agents. In 1856, an eighteen-year-old English college student named William Henry Perkin was experimenting with coal-tar derivatives in an effort to create a substitute for quinine, which was made from the bark of a Peruvian tree and was then the only treatment for that great scourge of the far-flung British Empire, malaria. At the conclusion of one unsuccessful experiment, Perkin noticed a dark residue in the bottom of a test tube. Later, by accident, he discovered that the residue stained cloth bright purple. This substance came to be called mauveine, or aniline purple, and it was soon followed by numerous similar substances in various shades.




Aniline dyes—which were far more vivid and uniform than natural colorants, such as Frankfort black—transformed fashion (Queen Victoria wore mauve to her daughter’s wedding, in 1858), interior decoration (the colors that defined Victorian homes were the colors of aniline dyes), chemistry (Perkin had shown that a test tube could make a man rich), and industry (the mass production of fabrics and other colorful consumer products became increasingly practical and profitable).*




Copying also changed. “Aniline dyes were swiftly adopted for copying inks”—the kind used with copying presses—“because they possess great tinctorial power, a property required in order to create multiple copies,” Barbara Rhodes and William Wells Streeter write in a wonderfully comprehensive book called Before Photocopying: The Art & History of Mechanical Copying, 1780-1938. (“Tinctorial power” could also be called “stainability.”) The new dyes “were also thought to increase the ‘delicacy’ of the copied image, retaining more of the original character of the handwriting than was possible with the diffuse lines of iron-gall copying inks.” Copying presses, carbon paper, and typewriters all produced sharper images when vivid aniline dyes were used in place of old-fashioned natural pigments. The existence of the dyes also made possible the invention of the copying pencil—a very hard pencil whose graphite-and-clay-based lead was suffused with synthetic colorant. A letter written with a copying pencil could be copied on a copying press, just as one written with copying ink could be. A copying pencil could also be pressed hard enough to make a legible impression with carbon paper.
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