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  CHAPTER ONE




  An Ancient Inheritance




 

    I was the first that yoked unmanaged beasts,




  To serve as slaves with collar and with pack,




  And take upon themselves, to man’s relief,




  The heaviest labor of his hands: and




  Tamed to the rein and drove in wheeled cars




  The horse, of sumptuous pride the ornament.




  And those sea-wanderers with the wings of cloth,




  The shipman’s wagons, none but I contrived.




  —AESCHYLUS, PROMETHEUS BOUND (LINES 462–69)







  “WHILE CIVILIZATIONS ARE MORTAL,” HISTORIAN MAURICE DAUMAS ONCE wrote, “each one has, before succumbing to its fate, prepared a heritage of which its successors were never unaware.”1




  The successors to the lands once dominated by the Roman Empire, especially those in western Europe, certainly became aware of Rome’s heritage. But for a long time during the early centuries of what are now known as the Middle Ages, it must have seemed more like they were haunted.




  Consider the collapse of Rome from the smallest scale, say that of the farmer or local merchant or his slaves going to market. About fifteen miles west of Rome, you can still find the ancient harbor city of Ostia, called Ostia Antica on the tourist maps. It’s no longer a port, the Mediterranean having receded a few miles since the long centuries when it was the gateway for merchants heading up the Tiber to Rome. (Though who can say if it will not soon return, given the rising sea levels due to climate change.)




  You can walk among the deserted avenues and see the remains of shops where artisans sold their goods, wine merchants sold their vintages, and people living above in multistory apartments could look down at those mingling and socializing. You can sit on the worn stone steps of the amphitheater where acting troupes performed the plays of Seneca or other Roman playwrights. On either side of the avenues, some of the roofless patios still retain walls with the cracked remains of elegant marble decorated with frescoes overlooking mosaic floors made of exquisite stones imported from the furthest reaches of the empire. But Ostia Antica has been deserted since the ninth century CE, when the city was abandoned by its last inhabitants, weary of repeated invasions by pirates.




  Just how quickly the civilization of Rome itself disappeared is debated among historians, but most recently Brian Ward-Perkins offered a stark example of the effects of its collapse based on the difference and quality of goods available in Britain during the few short decades between the end of the fourth and beginning of the fifth centuries CE after Roman troops withdrew from the British Isles.






   For instance, in Britain—as ever an extreme case—every one of the building crafts introduced by the Romans, the mundane as well as the luxury ones, disappeared completely during the fifth century. There is no evidence whatsoever of the continued quarrying of building stone, nor of the preparation of mortar, nor of the manufacture and use of bricks and tiles. All new buildings in the fifth and sixth centuries, whether in Anglo-Saxon or unconquered British areas, were either of wood and other perishable materials or of drystone walling, and all were roofed in wood or thatch.2







  Although Britain was an extreme case, the conditions on the continent also deteriorated to the point that by the end of the sixth century, currency had disappeared and farmers in Gaul returned to bartering food and livestock and did their best to weather the onslaughts of Germanic invaders: the Goths, Visigoths, Vandals, Lombards. In the south of what is now France, the Roman city of Arles shrunk to within the diameter of its own amphitheater. Only in the eastern ends of the empire and the Middle East did civilization continue on, at a relatively slower pace of economic decline, until the invasions of Arab armies following the rise of Islam at the end of the seventh century.




  Yet with all the disruptions between the fourth and sixth centuries in the West—in particular, the sacking and overrunning of the cities, many of which were ultimately abandoned and devolved into ghost towns—the poorest people carried on in rural areas. And archaeologists have found plenty of evidence that the tools of antiquity survived long enough to form the foundation of industry for the next era, which historians dubbed the early Middle Ages.




  Farming tools were the most important of these for immediate survival. For the base of their subsistence diet, farmers needed to grow wheat and barley to feed themselves and what little livestock they could support. The grains they would grind, making flour for bread and for porridge—the main staple of the medieval peasant’s diet well into the thirteenth century.




  Grinding grain had been done by hand for centuries. The hand quern, or rotary hand mill—by no means the first tool for grinding grain but one of the most efficient—probably originated during the sixth century BCE. It consisted of two thick, disc-shaped stones, often cut from sandstone or limestone. One served as an immobile base, or bed stone, which was smooth. The upper stone, or runner, was carved on the bottom with ridges or grooves into which the grains collected as they were fed into the mill via an opening at the center of the upper stone. Rotating the upper stone with a lever by hand ground the grains to a fine degree and shed them from all sides through the grooves, where they could be collected. Such a hand-operated mill might be two feet in diameter. With larger millstones that served a wider community, the person (or animal) would drive it by walking the top stone around the lower on foot by means of a horizontal lever.




  The hand quern must have been universal in the ancient world of the Mediterranean among both rich and poor. Even those fashioned for domestic use must have been formidable, requiring more than one person to move. They were certainly familiar enough to be a common reference—as we see in the Bible, the Gospel of Mark 9:42, when Jesus warned that it would be better for anyone guilty of leading a child astray to be cast in the sea with a millstone around his neck. This would have presented an immediate and vivid image to anyone hearing this at the time.
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  But evidence from both written records and archaeological findings suggests that the first water-powered mills were also invented not long after the hand mills—and they were built for the purpose of grinding grain on a much larger scale. This could have been as early as the third century BCE in Alexandria.3 By the early centuries of the Common Era, the Romans constructed large networks of water-powered mills in order to feed the thousands of soldiers in their armies throughout the empire. I return to this development in the next chapter, but by the fifth century CE, this large-scale technology had disappeared along with the soldiers, craftsmen, and leaders of the empire that supported it. If any struggling farmers lived near the abandoned water mills, they may have been able to continue their operation. But most people relied on those stable tools and sources of power that were easiest to manage: their hand querns, their livestock, and plows.




  It may seem odd to begin a history of medieval technology at such a basic level, with the simplest agricultural tools invented in antiquity. Compared to the technology and power sources that underlie modern civilization, developments like the heavy plow and the breast harness for horses, in conjunction with ideas put into practice such as the system of three-field crop rotation, hardly seem to merit the term “technology,” let alone tools that constituted a “breakthrough.” And yet, had it not been for the efficiency of these seemingly simple upgrades to already ancient farming techniques, it’s unlikely the post-Roman twilight, once categorized as the Dark Ages but which now constitutes the early Middle Ages, would have ended as soon as it did. Between the ninth and thirteenth centuries, the area of lands throughout western and northern Europe available for tilling with the heavy plow expanded once farmers could successfully turn over the thickest, wettest soils. Crop yields grew with the added help of an expanding period of mild climate. And with more food and feed produced, the population began to rebound, and with it, the demand for more improvements.




  But this was not something that happened overnight. Between the death of the last emperor Romulus Augustulus in 476 CE and the dawn of the Carolingian Empire in 768 CE, the struggling peasant farmers of the territories of Gaul, Germany, Britain, and northern Europe must have regarded life as a success if they were able to survive the waves of invasion, plague, and famine and still scratch out a living from the soil while one after another generation of self-appointed kings attempted to establish order.




  By the time of Charlemagne, the population had rebounded to the point where the monastic orders expanded their estates and employed more farmers and craftsmen to meet the need for more food and thus the need for more efficient farming techniques and better farming tools. Indeed, the monasteries served as a bridge, adopting functions once served by cities, where there were no towns, providing markets, administration, local justice to some extent, transportation, and education, however limited in the early Middle Ages.




  This need for technological advancement appears to fly in the face of a common misconception in the history of technology, especially easy to accept today, when our society seems to respond almost monthly to a new smartphone, new model of automobile, or biotechnology. The notion almost goes without saying: technology changes society. In fact, historically, it has more often been the reverse, as historian Mark Kurlansky has written. Society develops technology to address the changes that are already taking place within it.4




  For purposes of this book and following the lead of other historians, I define technology in terms of “tools and techniques,” which includes instruments, materials, and machines, as well as the practical skills and knowledge needed to invent, manufacture, and improve them.5 The drive to improve—along with the inspiration to exploit natural energy sources—would follow on the increasing success of the farmers plowing the soils of western and northern Europe in the eighth and ninth centuries, and in time this would lead to a complete transformation of society in the Middle Ages.




  So the ground is a good place to begin. And I should note that between the seventh and ninth centuries, there were fewer people to tend it than in antiquity. Indeed, as late as the ninth and tenth centuries, according to Georges Duby, entire countries like England and all of the Germanic territories in central Europe had no towns. “Elsewhere some towns existed: such as the few ancient Roman cities in the south which had not suffered complete dilapidation, or the new townships on trade routes which were making their appearance along the rivers leading to the northern seas.”6 This is not surprising given the past few centuries of upheaval and the vulnerability of most common people to the depredations of invading forces. According to one estimate, the population of Europe went from a high of sixty-seven million people at the peak of the Roman Empire (200 CE) to just twenty-seven million by the year 700 CE.7 The rise of the monasteries proved to be an important bridge between the collapse of the Roman cities and the emergence of new cities in the Middle Ages.




  Throughout antiquity, farmers of the Mediterranean relied on oxen to pull a simple wooden Roman plow through fields of relatively light and dry soil. Oxen were slow but sturdy and inexpensive to feed compared to horses. It was not difficult for them to drag the plow, which was often no more than a thick, whittled digging stick, known as a scratch plow. Because such plows do not turn over the soil, leaving a border of undisturbed earth between each furrow, fields need to be cross-plowed to ensure the earth is turned up enough for sowing seeds. In the warmer, drier climate of the Middle East, however, this did not present too great an inconvenience; soil was light and easy to handle for one man and one ox. And so it remained for centuries.




  Such an approach would never be adequate for the struggling farmers of Gaul, Britain, and Germany, where most of the arable land consisted of dense alluvium due to the more frequent summer rains, most of which lay shrouded under forests of trees that needed to be cleared first. This was most often done by controlled burning, a happy side effect of which proved to be the ashes that helped nourish the topsoil of the newly cleared fields.




  Nevertheless, it seems the first heavy plows were developed in antiquity and then later adapted by medieval Europeans. The first suggestive reference to the emergence of heavy plows comes from Pliny the Elder. Writing in the mid-first century CE, the Roman philosopher alluded to plows being drawn by teams of eight oxen in the Po Valley in the north of Italy, where, just as in the lands north of the Alps, the soil was heavier.




  We don’t have any more specifics about Pliny’s plow, which may have been simple in design, but by the time it emerged in Europe the heavy plow had three key components. The first was the coulter, a long blade that is attached to the front of the plow pole and cuts into the earth like a vertical knife. Behind it was the plowshare, the spade-shaped edge that often formed the horizontal base of the third and final piece, the mouldboard. The plowshare and mouldboard worked in combination to turn over the soil cut by the coulter, depositing it on either side, in the same way that the bow of a boat parts the waves on either side as it moves through the water.




  Drawn by one, but more often a team of two or more oxen (if some of the depictions in medieval art can be trusted in their commitment to realism), a farmer with a sturdy team could plow a moderately sized field in the course of a single day. By adding a set of wheels, or carriage, in front of the coulter, the farmer could also more quickly adjust his plowing to changes in terrain.
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  What did farmers of the early Middle Ages plant? Medieval “corn” as it was known, was actually wheat, not to be confused with the corn people today recognize as native to the Americas. They also planted barley, rye, and oats, all of which could be used to make breads; oats became more important in the later Middle Ages as feed for horses, when they were adopted to haul plows. Peas and beans were also grown.




  These general crops were markedly different from those of the southern farms of the Mediterranean and Middle East, where olive trees, fruits, and a wider variety of vegetables were the staples of the empire. “We may recall the disgust of the Gallo-Roman, Sidonius Apollinaris,” Duby writes, “at the manner in which the barbarians whom he had to endure as neighbors used to eat food cooked in butter and onions. These cultures also represented two ways of exploiting natural resources, and two types of landscape coming into contact during the seventh and eighth centuries. The one was Roman and in process of decay, the other Germanic and in process of improvement, while each was gradually merging with the other.”8




  With the new plow turning over the heavy soil so thoroughly in one pass, the medieval farmer was freed from at least one extra task: cross-plowing his field as his predecessors in the south had. This saved time and energy and also allowed him to furrow longer strips.




  Indeed, in his book, Medieval Technology and Social Change, Lynn White points out that by eliminating the need for cross-plowing, the heavy plow gradually changed the shape of the northern European landscape. Whereas crop fields in the warmer climate of the Middle East and Mediterranean were more strictly square due to cross-plowing, all across medieval Europe they were long and narrow, “with a slightly rounded vertical cross-section for each strip-field which had salutary effects on drainage in that moist climate. These strips were normally plowed clockwise, with the sod turning over and inward to the right. As a result, with the passage of the years, each strip became a long low ridge, assuring a crop on the crest even in the wettest years, and in the intervening long depression, or furrow, in the driest seasons.”9




  The efficiency of the heavy plow also encouraged communities to commit to clearing more of the forests, a topic I return to in the next chapter, as water-powered sawmills became more common.




  The heavy plow by itself was not the only improvement. In combination with larger teams of oxen (and later horses, when they were drafted into service) and plows mounted on two wheels, farmers in the northern climes found they could sow much more seed and yield more varied crops if they pooled their resources. The heavy plow was not a tool that any one family of farmers or even those of a small village could afford. More often, the machine was a public investment of the early communities, and its adoption required the careful rethinking of property boundaries and how fields should be managed so that everyone could benefit. In the early Middle Ages, groups of free farmers were able to build mills collectively. With the rise of feudalism beginning in the eighth century, however, they lost this freedom. Large estates, owned either by the monasteries or lords granted lands by their kings, seized what they had not already acquired by purchase.




  Over time medieval agriculture evolved into something decidedly different from that of ancient Roman practice, when farmers rotated only two crops. A farmer with two fields would let one lie fallow, unused, every other year in order to let the course of nature restore the soil after a crop yield. This included letting the livestock manure the grounds at their leisure.




  By the 700s CE, farmers working for the growing monasteries began to adopt a three-field approach, in which the arable land was divided into three equal fields. During the course of one year, one field would be used for a winter crop like wheat or barley, the second field would be sown in the spring with oats or another spring crop, and the third field was left fallow until the next year. Then the farmer would use the fallow field for his winter crop while sowing spring seeds in the previous year’s winter field and allowing the previous year’s spring crop field lie fallow. In this way each field got a break—a restorative season as it were—every three years.




  Among the advantages of this system were that a larger proportion of the farmland was available for cultivation. Having two different crops in two different seasons also offered some protection against the failure of any one crop. And if you used horses to haul the plow, as more medieval farmers did over the centuries, planting oats in the spring provided their feed. The yield from cereal cultivation depended on the effectiveness not only of letting a field lie fallow for a year, but also applying livestock manure and plowing it during this period.
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  The emergence of the horse as the primary draft animal is another key element of the transformation of agriculture in the later Middle Ages, one that neither the Greeks nor the Romans had ever seen as a need. Like the other cultures of the eastern Mediterranean, the ancients relied on oxen for farming and mules and donkeys for pack animals. Horses were primarily used for the military—drawing chariots and later as cavalry after adopting the stirrup, which offered mounted soldiers a more formidable means of attack—but not as draft animals.
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  A key reason why horses were, for so long, not considered for plowing was the inefficiency of the yokes and harnesses employed for oxen. With their high shoulders, hump at the top of the back, and thick hide, the oxen could bear the weight of a wooden yoke around their neck and shoulders with a harness to help keep it in place; the pressure as they pulled distributed evenly, with most of the force forming around its shoulder blades, or withers as they were called.




  On a horse, with its longer, higher neck and narrow withers, the yoke and harness were more likely to constrict the animal’s windpipe and choke it. This was a problem, as J. G. Landels writes, that was not really solved until the 800s, when the yoke was dispensed with and the throat harness was replaced by a stiff collar, which put the pressure of pulling on the shoulders and chest of the horse.




  In addition, not long after—toward the end of the 800s—horseshoes were adopted and quickly provided further advantages, as John Langdon points out. For one thing, horseshoes improved the draft horse’s overall endurance, especially where the cold climate of northern Europe was a particular challenge. Unshod horses were apt to go lame, their hooves soft and easily worn down. In addition, iron horseshoes provided further traction on the road and in the field. Langdon points out that horseshoes were already known in the Roman era, both as a hippo-sandal, a kind of slipper made of metal, which was strapped to the horse’s hoof with leather, and the more modern version of a bent strip of iron nailed to the horse’s hoof.10 But they seemed to vanish from the historical record after that until the ninth century. “It’s difficult to know,” he adds, “whether this is due to the inadequacies of the sources or whether an actual break in the use of horseshoes occurred. In any case, when they reappear in the documents, their adoption seems to have been rapid; by the eleventh century horseshoeing was an almost universal practice.”




  Once harnessed in this way, a horse-drawn plow was capable of turning over a field much more quickly than the ox-driven plow. This was a consideration that had to be weighed against its expense. And although horses did take on a greater percentage of plowing by the later Middle Ages, they never entirely replaced oxen because they required higher maintenance (perhaps like the more expensive farming tractors today). Horses need to feed on oats, which must be grown or bought, whereas oxen can survive on straw and grass. Like other ruminants such as cows, sheep, goats, and camels, oxen have digestive systems that are slower but far more efficient than those of equines. An ox can consume one and a half times as much common grass and straw as a horse and draw a higher proportion of the protein from what it eats.




  The upshot of these three developments in tandem—the adoption of the heavy plow, the more efficiently harnessed and shod horse, and the institution of three-field crop rotation—was that by the year 1,000, the European agricultural industry was well on its way to surpassing that of ancient Rome.
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  According to Jean Gimpel, in his book The Medieval Machine, between the eleventh and thirteenth centuries, the average crop yield increased “from approximately 2.5 to approximately 4. That is, for every measure of grain sown, the harvest yielded 4 measures. This meant that the portion of the harvest to be disposed of by the producer doubled—from 1.5 to 3.”11 In Gimpel’s view, the plow was largely responsible for launching no less than an “agricultural revolution” in the later Middle Ages, a view also espoused by other mid-twentieth-century scholars like White. But more recent historians have cautioned that such a view overstates the case. “Most of the improvements in productivity which occurred in later medieval agriculture can be attributed to more intensive application of labor than to technological improvements,” according to Adam R. Lucas.12 Even contemporaries of White and Gimpel, like Duby, pointed out that without healthy draft animals, no plow was going to be as efficient as a dozen men with spades. In addition, many of the surviving records from estates in the eighth and ninth centuries—again, those operated by monastic orders—show that most of the farming tools in inventories were still made of wood and meant for the individual laborer rather than plow teams. So the question of a rapid “revolution” seems indeed to be overstated, as it overlooks the long span of time during which the improvements in medieval agricultural tools took place.




  And yet, to this day, in many parts of the world, developed and undeveloped, farmers plow their fields with the same teams of horses and oxen, the same heavy plow, and the same system of leaving one field fallow for every two sown. The fruits and vegetables that arrive in your local supermarket—especially those that are out of season during the northern winters—were probably grown by farmers using the same tools that were adopted and perfected by the farmers at the dawn of the second millennium. Although not perhaps revolutionary in the modern sense, as Lucas concludes, “technological developments in some regions of medieval Europe during certain key periods was significant, impressive, and perhaps in some instances might even warrant the appellation, ‘revolutionary,’ if suitably qualified.”









 

  CHAPTER TWO




  Harnessing Nature’s Power






   Early Islamic societies appear to have developed a number of important new techniques for delivering water to run water-powered devices. They also appear to have provided a conduit for a number of Chinese (and possibly Roman) innovations in milling technology that were later adopted in medieval Europe.




  —ADAM LUCAS1







  TODAY, IT’S IRONIC THAT “GOING GREEN” IS SEEN AS A RADICAL DEPARture from the fossil-fuel-based economy we take for granted. But fossil fuels only have been mined and exploited on an industrial scale for the past two and a half centuries of civilization. For the vast majority of humanity’s history, human beings exploited much simpler and more accessible natural sources of energy to support themselves—chiefly water and wind. That we are poised for a return to harnessing more energy from these sources today might have cheered medieval technicians if they’d been able to look into a crystal ball and see the future.




  It’s common to assume that technology evolves in a linear, progressive direction, starting with the simplest applications and proceeding to more complex models as humans improve their tools over time. For example, it was generally thought that the horizontal water mill for grinding grain into flour was developed first and that the more ambitious and industrial vertical water mill—with gearing to provide power directed at right angles to the wheel rotation—followed. Both of these waterwheels were inventions from antiquity that would be adopted for much wider application during the Middle Ages.




  The horizontal water mill was certainly easier and cheaper to build. It was also better suited to hills and mountainous areas with limited water supply. In such settings, a modest cascade with a high head could be directed through a chute onto the oblique paddles of the wheel. Currently, there is no archaeological evidence of these models from classical antiquity, though there is written evidence. The earliest physical remains of their use in medieval Europe come from finds dating to the seventh century CE, although scholars believe they could date back to the fourth century CE.2




  As for the more complex vertical waterwheel, scholars lately have come to agree that it seems to have been invented earlier, about the middle of the third century BCE, and to have proliferated more widely throughout the ancient world before the collapse of Rome than was previously thought. This was not an easy history to reconstruct. What written testimony exists from classical antiquity is sparse and not specific enough to establish a date of invention: we have an epigram written by Antipater of Thessalonika; a technical description by the Roman architect Marcus Vitruvius Pollio; and a brief aside by the geographer Strabo, all of these coming between 25 BCE and the beginning of the Common Era. They all treat the water-powered mill as something “new”—but without providing any more solid background information about its origins.




  Antipater wrote an epigram in his Palatine Anthology, paying tribute to what was almost certainly an overshot vertical millwheel.






   Cease from grinding, you women who toil at the mill; sleep late, even if the crowing cocks announce the dawn. For Demeter has ordered the Nymphs to perform the work of your hands, and they, leaping down on the top of the wheel, turn its axle which, with its revolving spokes, turns the heavy concave Nisyrian mill-stones. We taste again the joys of the primitive life, learning to feast on the products of Demeter without labor. (IX, 14)







  Besides giving a vivid poetic portrait of a mill wheel being turned by water nymphs, Antipater also betrays the fact that most hand milling was done by women at the time. More curiously, considering that he wrote from a pagan tradition, he nevertheless seems to harken back to Edenic times, before the biblical Fall, when humans did not have to work by the sweat of their brows.




  Vitruvius provided more technical detail on the vertical water mill in the very brief chapter 5 in book X of his De Architectura:






   Water mills are turned on the same principle, and are in all respects similar, except that at one end of the axis they are provided with a drum-wheel, toothed and framed fast to the said axis; this being placed vertically on the edge turns round with the wheel. Corresponding with the drum-wheel a larger horizontal toothed wheel is placed, working on an axis whose upper head is in the form of a dovetail, and is inserted into the mill-stone. Thus the teeth of the drum-wheel which is made fast to the axis acting on the teeth of the horizontal wheel, produce the revolution of the mill-stones, and in the engine a suspended hopper supplying them with grain, in the same revolution the flour is produced.







  Although the term “drum-wheel” was used for what would later be known as a cogwheel, a rotating gear cut with teeth, here Vitruvius correctly follows the path of power from the waterwheel’s rotating vertical axis as it is transferred at a right angle to a rotating horizontal shaft reaching upward to power the grinding of the millstones in a separate chamber above the waterwheel.




  Finally, in his Geography, book XII, chapter III, Strabo hails the water mill as a noteworthy part of the newly built city of Cabeira (near the modern-day city of Niksar in northcentral Turkey): “Now,” he writes, “this city [Magnopolis] is situated in the middle of the plain, but Cabeira is situated close to the very foothills of the Paryadres Mountains about one hundred and fifty stadia farther south than Magnopolis, the same distance that Amaseia is farther west than Magnopolis. It was at Cabeira that the palace of Mithridates was built, and also the water-mills; and here were the zoological gardens, and, nearby, the hunting grounds, and the mines.”




  Apart from an allusion to the water mill by Lucretius, there are no other mentions of the technology in the surviving literature from antiquity. Nevertheless, this simple means of waterpower was in one sense a downward extension of a potter’s wheel, so it’s theoretically possible that the horizontal waterwheel has been known since the third or fourth millennium BCE.




  As for physical remains, historian Örjan Wikander notes that to date there is no certain archaeological evidence for horizontal-wheeled mills in classical antiquity before the late third century CE. But from that era, the remains of two remarkable triple-helix turbines have been found, discovered in Tunisia, neither of which could be described as simple machines, though they were in principle horizontal-wheeled drives.3 Until their discovery in the late 1970s, historians believed that turbines had not been invented until the sixteenth century.




  The Tunisia waterwheel was set up at the bottom of a cylindrical well filled with water, which, according to Wikander, entered at a tangent through an inflow channel. In effect, it generated a rotating column of water, constituting a genuine turbine.4 However ingenious this was for the time, no other such models were built and the turbine was not re-created until the 1500s in Renaissance Europe.




  But the remarkable fact is that, in the space of a few centuries, we appear to have found three very different specimens of water-powered mills, and the simplest was by no means the first to be invented. One of the reasons for this assessment is that the components of both the horizontal and the vertical water mill already had long been known and used for a different application: lifting water, a task that was even more immediate to the needs of farmers than that of grinding cereal grains. The first bucket waterwheel, or noria, as it later became known in Arabic, was first used in ancient Egypt and dates to the third century BCE. They were known in China by the second century CE, if not earlier, and were widely used throughout the Middle East by the fifth century CE in order to irrigate crops.




  Imagine a Ferris wheel mounted with water buckets rather than passenger seats and you can understand how the bucket wheel works: from a water source such as the Nile, the waterwheel, driven by the reliable force of the current, drew buckets up from the flow. When they reached the top of the wheel, a mounted spoke or lever tipped them over so that they emptied into a chute that would then flow down into troughs that could be directed into the fields for watering crops.
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