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INTRODUCTION
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This book tells us about the extraordinary discoveries and inventions that have contributed to knowledge and progress through breakthroughs in science and technology. The efforts and ingenuity of mankind – from the earliest, most basic of discoveries to today’s most cutting-edge – have shaped the modern world, and continue to allow the human race to evolve to reach its fullest potential.

All collections such as this are bound in some way to be subjective. For instance, does the discovery of a treatment for a rare form of cancer compare with the development of the ability to perform transplant operations? Also, for some inventions and discoveries we have specific times, places and individuals who are responsible, but where do we place, or even include, the discovery of how to make fire? Again, one would think that the invention of buttons enabled us to develop today’s clothing, but in fact it was the unknown 13th-century inventor of the buttonhole which allowed this.

UNKNOWN HEROES OF SCIENCE

Even when we come to ‘known’ inventors or discoverers, sometimes they are ‘standing on the shoulders of giants’, following on from a long line of original thinkers. In other cases, the wrong inventor has been attributed because he or she was better at innovating or marketing, or simply better-known. Thus, you will surprisingly read about Merlyn Pryce and the discovery of Penicillium notatum mould in 1928, and of the men and women who developed penicillin, the antibiotic agent which has saved millions of lives – and not Alexander Fleming. And the genius Nikola Tesla, carrying on the work of David Hughes, was really responsible for the radio, not the commonly attributed Marconi. Equally, Joseph Swan, not Thomas Edison, developed the electric light bulb. There are more than 20 great ideas which changed today’s world, which have been re-attributed in this text. Thus this is not a regurgitation or a re-hash of past books upon inventions and discoveries, but a genuine attempt to discover who has improved or changed our lives, and in what ways. I have attempted to include whoever has contributed in some major way to learning, medicine and the sciences in general. However, great artists are not included. Although we can quite easily say that Shakespeare or T.S. Eliot or Rembrandt have helped us advance culturally, we cannot say that they have changed the world in any concrete manner. Also, this book does not include only those who have altered the world for the better, but also those responsible for weapons of destruction. Sometimes an innovator rather than an inventor or discoverer has been included, where their contribution has been of major significance. Some entries are longer than others, such as those on the unknown, yet prolific, geniuses David Hughes and Richard Trevithick. This usually has been carried out in the interest of ‘putting the record straight.’

FROM PREHISTORY TO THE SCIENTIFIC AND INDUSTRIAL REVOLUTIONS

The book begins with prehistory – the knife, fish hook, cloth and sewing needle, quern-stone and bow and arrow. Then we move to the ancients – the Sumerians, Chaldeans, Egyptians, Greeks and Romans with mathematics, astronomy, theory of atoms, lever and astrolabe. It is astonishing how much was known, say, about the existence of atoms and their indestructibility at this time. Men knew that the Earth was round, and that it was not the centre of the Universe, but an incredible amount of knowledge was lost during the ensuing Dark Ages of Western civilization. However, during these centuries, the Chinese and Islamic worlds made great advances with clocks, gunpowder, medicine, surgery, gears, algebra, crankshafts and the compass. Then with the Renaissance in the Western world, we began to rediscover what had been lost. Gutenberg’s printing press of 1336–40 began to disseminate scientific thought from the Arab world to the West, and the great Scientific Revolution took place in line with the Renaissance, with the conformist teachings of the church being slowly overthrown in many aspects of life. This was the age of da Vinci, Copernicus, Galileo, Harvey, Boyle, Hooke and Newton – men who changed the world. In turn, this era of scientific curiosity, experimentation and discovery led to the Industrial Revolution, responsible for the modern age. We see the appearance of steam engines, textile machinery, the development of the factory system, electricity, pulped paper and the mechanized steel industry.

THE ACCELERATION OF INVENTION AND INNOVATION

In the 20th century, two World Wars spurred invention and discovery, often not for the good of mankind, but still a demonstration of man’s incredible ability to invent and innovate. Since the Second World War we have seen huge advances in agricultural productivity, and are in the middle of an Information Revolution and the Electronics Age. The most exciting developments at present, and potentially the most problematical, are in health, disease treatment, genetic modification and medicine. Scientists are progressing towards the day when it will be possible to extend the life of humans, when many genetic diseases can be prevented, and when certain types of cancer can be cured or delayed. Every reader of this book can see that his or her life has altered in many ways because of the inventions and discoveries of their lifetimes and that of their parents. It is the reason for living – to improve rather than accept, to query rather than conform, so humankind can progress. To the inventors featured in this book, we all owe a debt of thanks. The scientific spirit has helped us move from forest shelters to where we are today, and will improve the lives of our children for generations to come.
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CHAPTER 1

THE DAWN OF TECHNOLOGY

KNIFE

––– c.2,600,000 BCE –––
Australopithecine HOMINIDS, GONA, ETHIOPIA

The use of our first tools assured human survival, and the appearance of stone knives marks the beginning of the archaeological record. Since they can be used for cutting, slashing, spearing and pricking, knives have many uses in feeding and defending humankind. For millennia, knives were essential for hunting and butchering animals. The first stone tools were thought to be the ‘Oldowan’ tools found in the Olduvai Gorge in Tanzania by Louis Leakey in the 1930s. They were made by the extinct hominid Homo erectus between 1.7 and 2.4 million years ago. However, tools of a similar type were found in the Gona fossil fields in Ethiopia in the 1970s, and they have been dated to 2,600,000 BCE. The discoveries provided strong evidence that toolmaking, once thought to be a skill special to the Homo genus, began long before its emergence, perhaps by half a million years. (Homo sapiens, the only surviving hominid, originated in Africa only around 200,000 years ago, and reached full behavioural modernity only 50,000 years ago.)
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It is a reasonable assumption that the tools were made by more primitive members of the human lineage, the Australopithecines, the only hominids known to have existed at that time. These stone tools generally consisted of sharp flakes battered off a stone core, but early hominids also carried out more sophisticated flaking and reshaping to sharpen and straighten their blades. Because of its role as humankind’s first tool, many cultures have attached spiritual and religious significance to the knife. To produce an Oldowan tool, a roughly spherical hammerstone was struck on the edge, or striking platform, of a suitable core rock, to make a ‘conchoidal fracture’ with sharp edges useful for various purposes. Originally made of rock, flint or obsidian (a naturally occurring volcanic glass), knives evolved in construction. Stone knives would later be lashed onto a bone or wooden handle to make them easier to use.



THE MOST IMPORTANT TOOLS OF ALL TIME

THE CHISEL, the lathe, the saw, the scythe, the scalpel and the sword are all forms of the knife, specialized for different circumstances. In 2005 Forbes.com readers and a panel of experts rated the knife as the most important tool of all time in terms of its effect on civilization. In order, the 20 most important tools were the knife, abacus, compass, pencil, harness, scythe, rifle, sword, eyeglasses, saw, watch, lathe, needle, candle, scales, pot, telescope, level, fish hook and chisel.





AMERICAN EATING HABITS

WHEN THE FIRST colonists sailed to America, food was still eaten by cutting it up with knives and spearing it to bring it to the mouth. Even by the beginning of the 18th century, very few forks were exported from Europe to America. However, knives were being imported and their tips became progressively blunter. Because Americans had very few forks and no longer had sharp-tipped knives, they had to use spoons in place of forks. They would use the spoon to steady the food as they cut it and then switch the spoon to the opposite hand in order to scoop up food to eat. This distinctly American style of eating, by cutting the meat or fish into bite-size portions before beginning the meal, has continued even after forks became commonplace in the United States.



Around 10,000 years ago, modern humans found out how to make knives out of copper, and c.5,000 years ago, craftsmen in the Near East began to make them from bronze. These knives consisted of a piece of metal that was sharp at one end (the blade), and dull at the other (the tang). Usually a wooden or bone handle would be crafted around the tang to make it easier to hold. Later, knives were made out of harder iron and steel, and more recently titanium and ceramics have been used. Knives were principally used for eating, as forks are a fairly recent invention. In 1669, in a bid to cut down violence, King Louis XIV of France decreed that all pointed knives on the street or the dinner table were illegal, and ordered all knife points ground down. This is why dinner knives are even now blunt-tipped. Today many English doctors are campaigning for a ban on long-pointed kitchen knives to reduce the number of deaths from stabbing.
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FISH HOOK

––– c.30,000 BCE –––
CRO-MAGNON MAN, ACROSS EUROPE

Fish have been a rich source of protein, fat and fatty acids since the dawn of time, and they also have the advantage that they can be caught without the risks attendant upon hunting wild beasts. The direct antecedent of our fish hook was a device that archaeologists call a gorge. This was a bit of spindle-shaped bone or wood, notched in the centre so that a line could be tied to it. A gorge was pushed into a chunk of bait, the fish was allowed to swallow it, and when the line was tugged, the gorge set cross-wise inside the fish and it was hauled in. One of the earliest types of gorge was unearthed 22 feet (6.7 m) below the surface in a peat bed in the valley of the Somme in France. It was believed to be about 7000 years old. The earliest fish hooks date from around 30,000 BCE, and they were variously made from wood, animal bone or horn, human bone or shells. In addition to hooks made out of one piece of wood, stone or bone, stone-age man often made compound hooks, with components (often of different materials) tied together. Compound hooks were stronger than the other types. It is easy to break a slender, rounded bone hook, but a securely tied compound hook can withstand tension better. It appears that the oldest hooks were made without barbs or any other refinement. Archaeologists believe that the idea for adding a barb to the hooks was derived from the spear. Barbs gave the hooks more holding power just as a barbed spearpoint was harder for an animal to dislodge.
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ROMAN FLY FISHING

‘THEY WRAP dark red wool round a hook and tie on to it two feathers which grow under the wattles of a cock and resemble wax in colour. The fishing rod is six feet in length and the line the same. When the tricky fly is lowered a fish is attracted by the colour and rises madly at the pretty thing that will give him a rare treat, but on opening his jaws is pierced by the hook, and is given poor enjoyment of the feast when he is captured.’ Claudius Aelianus, On the Nature of Animals, c.175–c.235 CE



Not until hooks found in Norway and Denmark, dating from about 7000–8000 years ago, do we find them equipped with barbs, grooves or holes to make the attachment of the bait and line simple. Since wood floats, the hook would probably have had to be fastened to a stone or a similar weight to make it sink. However, some fish will take a floating hook. Up until the end of the 19th century, Lapp fishermen used wooden hooks in the great cod fisheries of northern Norway. They carved their hooks out of tough juniper wood, and burned the point to make it hard. Native Americans used the claw of a hawk and the beak of an eagle to make hooks. Metal hooks generally replaced other materials, but British fishermen until recently used hawthorn hooks to catch flounders, and until the 1960s Norwegian and Swedish fishermen used three-pronged juniper hooks to catch burbot. They claimed that the smell of juniper actually attracts the fish and also that the burbot has a tendency to spit out ordinary steel hooks. Today the hook is becoming less important as commercial fishing relies more and more upon massive nets, although certain industrial fishing techniques, such as longline fishing, still depend upon the hook. Sports fishermen usually use bait and lures.

SEWING NEEDLE

––– c.30,000 BCE –––
PALEOLITHIC ERA, RUSSIA

Clothing made using a sewing needle succeeded knotted and tied animal skins to protect man from the elements. This enabled humankind to move out of Africa into colder climates. The earliest clothing consisted of fur, leather and leaves of grass that were draped, wrapped or tied around the body. Anthropologists have conducted a genetic analysis of human body lice, which suggests that clothing originated quite recently, around 107,000 years ago. Lice are an indicator of clothes-wearing, since humans have sparse body hair, and lice generally require the presence of human clothing in which to survive. Research suggests that the invention of clothing may have coincided with the northward migration of modern Homo sapiens out of Africa around 100,000 years ago. Another group of scientists estimates that clothing originated around 540,000 years ago. Some human cultures such as the Inuit until recently made their clothing entirely of prepared and decorated furs and skins. Other cultures supplemented or replaced leather and skins with cloth: either woven, knitted or twined from various animal and vegetable fibres. Clothing materials deteriorate quickly compared to solid artefacts, but in 1988 in Russia archaeologists found bone and ivory sewing needles dating from 30,000 BCE.
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Knitting and crochet are thought to have begun when primitive people sought to make webs out of roots and tendrils, a skill which evolved into hand-knitting wool. Making fabrics such as linen (from flax) by hand was always a laborious process, and the textile industry was the first to be mechanized in the Industrial Revolution, with the invention of the powered loom (see Arkwright 1771, and Cartwright 1785). Different cultures evolved various ways of creating clothes. As cloth of any description was handmade and thus expensive, it was essential to keep it uncut if possible for other uses or users. The Greeks and Romans draped togas over their bodies, and many people still wear garments consisting of rectangles of cloth wrapped around them, e.g. in the Indian subcontinent we see men wearing the dhoti and women the sari. These garments are simply tied up, but the Scottish kilt is held in place by a belt and pins. The expensive cloth remains uncut, and different people of various sizes can wear such a garment. Another approach involves cutting and sewing the cloth, but using every bit of the cloth rectangle in making the clothing. The tailor may cut triangular pieces from one corner of the cloth, and then add them elsewhere as gussets, e.g. in men’s shirts. There are said to be four primary factors in clothing comfort, identifiable as the ‘4 Fs of Comfort’: (1) fashion; (2) feel; (3) fit; and (4) function. Mark Twain acknowledged the importance of clothing in More Maxims of Mark (1927): ‘Clothes make the man. Naked people have little or no influence in society.’



THE ORIGIN OF ‘COLOURLESS’

DURING THE Napoleonic Wars, women formed ‘knitting groups’ and knitted socks and mittens for the soldiers. This practice continued through the First and Second World Wars. They also knitted garments for the poor of the parish, usually in neutral colours of grey and beige. Colour was considered to be a status symbol, so the wearer’s drab clothes were called ‘colourless’, which term is still used as a disparaging adjective today.



QUERN-STONE

––– c.9500–9000 BCE –––
MESOLITHIC MAN, SYRIA

Stone hand-grinders were the first foodprocessors, enabling the conversion of grains to food and the spread of agriculture across the world. They were also the ancestors of millstones. Quern-stones were used in pairs. The upper stone was originally rotated by hand and called a hand-stone. The lower stationary stone was the quern, and they were first used to grind grains into flour for making bread. The rotation causing grinding is known as milling, and quern-stones were later replaced by millstones, as the watermill and windmill were invented. However, animals were later used to operate large millstones.

The saddle quern was the earliest form of quern. The saddle quern is produced by rocking or rolling the hand-stone using parallel motions, which forms a shape like a saddle. These hand-stones can be either roughly cylindrical like a rolling pin (used with both hands), or rough hemispheres (used with one hand). Either provided a crushing motion, not a grinding action, both being more suitable for crushing malted grain, but not suitable for producing flour. The next development was the rotary quern for grinding, of which there are several forms. This quern used circular motions to grind the grain, so both the quern and the hand-stone were generally circular. The hand-stone of a rotary quern is much heavier than that of saddle quern, providing the necessary weight for the grinding of unmalted grain into flour. In some cases the grinding surfaces of the stones fit into each other, the upper stone being slightly concave and the lower one convex.

There was also a type of rotary quern known as a beehive quern. Here, the upper stone is hemispherical, with a central conical hopper to hold the grain that falls down a hole to the grinding surface. It is held in position with a pivot that fits into a central hole in the bottom stone. The upper stone also has a deep horizontal socket in its steep side in which to place the wooden peg used as a handle to rotate or oscillate the upper stone. This was the earliest type of rotary quern to appear in the British Isles, around 350 BCE. Larger querns were developed that were operated by two men or slaves pushing a bar around a large quern-stone. The men were later replaced by oxen, donkeys or horses. Today’s pestle and mortar, used for grinding herbs in the kitchen, is a descendant of the quern-stone. As well as grain, a wide range of foodstuffs and inorganic materials were processed using stone querns or mortars, including nuts, seeds, fruit, vegetables, herbs, spices, meat, bark, pigments, dyes, medicines, cosmetics and clay. They were also used to grind metal ores such as gold, after mining extraction. This process would liberate fine ore particles which could then be separated by washing, prior to smelting. Tobacco used to be popular as snuff, a fine powder ground in a quern-stone and inhaled via the nose.



MILLSTONE GRIT

THE FAVOURED type of stones from which to manufacture quern-stones are hard igneous rocks such as basalt. These have naturally rough surfaces, but stone grains do not detach themselves easily, so the material being ground does not become full of bits of grit. Millstone grit is the name given to a number of coarse-grained Carboniferous Age sandstones in the north of England. The name derives from the use of this stone in watermills and windmills.
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BOW AND ARROW

––– c.8000 BCE –––
MESOLITHIC MAN, HAMBURG, GERMANY

Until the widespread adoption of firearms in the 16th and 17th centuries, this was man’s most important weapon for hunting and warfare. Before the development of agriculture and herding animals, prehistoric man needed to devise efficient ways of both defending himself from wild beasts, and of killing them for food. Hunters began with missiles that they threw, breaking bones with sticks and stones. Then spears and daggers evolved, with sharp knapped flints being strapped onto a wooden shaft. The next development was the atlatl, or spearthrower, which used leverage to project a spear or dart. It consisted of a wooden shaft with a cup or a spur, which could be integrated into the weapon or made separately and attached, in which the butt of the projectile rested. It worked in much the same way that plastic ball throwers are used nowadays to throw tennis balls for dogs to chase. The atlatl was held in one hand, gripped near the end farthest from the cup. The dart was thrown by the action of the upper arm and wrist, used in combination with the atlatl as an extension of the throwing arm, adding significant force through increased angular momentum. A traditional atlatl was a long-range weapon and could achieve speeds of over 90 mph (145 kph). Slingshots were also developed around 10,000 BCE, like the one with which David killed Goliath. It seems that the bow and arrow was developed in Africa and Europe around 20,000 years ago, and it is shown in cave paintings. The earliest recovered arrows, dating from around 8000 BCE, were discovered near Hamburg and were made of pine tipped with flint. They were destroyed in the bombing of Hamburg in the Second World War. The oldest known bow fragments are from Holmegaard in Denmark; they are made of elm and date from 6000 BCE.



THE POWER OF THE LONGBOW

‘IN THE war against the Welsh, one of the men of arms was struck by an arrow shot at him by a Welshman. It went right through his thigh, high up, where it was protected inside and outside the leg by his iron cuirasses, and then through the skirt of his leather tunic; next it penetrated that part of the saddle which is called the alva or seat; and finally it lodged in his horse, driving so deep that it killed the animal.’ Giraldus Cambrensis, A Journey Through Wales, 1191
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Archery became increasingly important across the world, with different types of bows and arrows being developed for different purposes. The short composite bow, made up of layers of materials that reacted differently under compression or tension, was invented around 1500 BCE, and enabled the use of mounted archers. The lethal pinnacle of bow-making was the Welsh longbow, which ended the era of mass cavalry charges by knights in armour. Usually archers aimed at the horses, and when the unseated knight lay on the ground, unable to move, they finished him off with a dagger stabbed through chinks in his armour. Until recently, medieval accounts of rates of longbow fire and its killing range and power were thought to be exaggerated because of the strength needed to pull such a bow. However, men were trained to be archers from boys, so had massively developed muscles to enable them to pull the huge bows. Studies of battlefield skeletons have shown disproportionately developed bodies of archers. The right choice of arrowhead could pierce plate armour, and arrows were effective for killing up to 400 yards (365 m) away. An accomplished bowman could release an arrow a second, so a thousand archers could fire a terrifying 300,000 arrows in five minutes.



ÖTZI THE ICEMAN

AROUND 3300 BCE ‘Ötzi the Iceman’ was shot with an arrow through the lung. He is Europe’s oldest natural human mummy and his body was found in 1991 frozen in ice in a glacier in the Italian Alps, near the present-day border between Austria and Italy. The Iceman had carried an unfinished 6-foot (1.8-m) yew longbow, and evidently leaned it against a rock, where it was found still upright. The stave still had to be shaped, rubbed down and polished using field horsetail as an abrasive. He also had a copper axe with a yew handle, a flint-bladed knife with an ash handle, and a quiver of 14 arrows with viburnum and dogwood shafts. Two of the arrows, which were broken, were tipped with flint and had fletching (stabilizing fins), while the other 12 were unfinished. The arrows were found in a quiver, which also contained what is probably a bow string, and an antler tool possibly used for sharpening arrow points. It seems that the Iceman had killed two people with the same arrow, and retrieved it each time.



BOAT

––– c.7600 BCE –––
USÔUS THE PHOENICIAN, CANAAN

The development of boats and ships enabled the spread of agriculture and civilization from the ‘Fertile Crescent’ of Phoenicia, Assyria, Mesopotamia and Egypt across the known world. The earliest boats were probably logboats, hollowed tree trunks, the earliest of which has been dated to between 8200 and 7600 BCE. A 7000-year-old seagoing boat made from reeds and tar has been found in Kuwait. According to the Greek translation of the Phoenician Sanchuniathon (700 BCE?), Usôus cut the branches of a fallen tree, sat aside the log that remained, and paddled through water, thus inventing the boat: ‘These persons invented the method of producing fire by rubbing two pieces of wood together, and taught men to employ it. They begat sons of surprising size and stature, whose names were given to the mountains whereof they had obtained possession, viz. Casius, and Libanus, and Antilibanus, and Brathy. From them were produced Memrumus and Hypsuranius. Hypsuranius lived at Tyre, and invented the art of building huts with reeds and rushes and the papyrus plant. He quarrelled with his brother, Usôus, who was the first to make clothing for the body out of the skins of the wild beasts which he slew. On one occasion, when there was a great storm of rain and wind, the trees in the neighbourhood of Tyre so rubbed against each other that they took fire, and the whole forest was burnt; whereupon Usôus took a tree, and having cleared it of its boughs, was the first to venture on the sea in a boat. He also consecrated two pillars to Fire and Wind, and worshipped them, and poured upon them the blood of the animals which he took by hunting. And when the two brothers were dead, those who remained alive consecrated rods to their memory, and continued to worship the pillars, and to hold a festival in their honour year by year.’
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Phoenicia was an ancient civilization in Canaan dating from before 2300 BCE, and it covered most of the western, coastal part of the fertile crescent, basically the eastern Mediterranean coastal regions. It now comprises western Jordan, Palestine, Israel and Lebanon. It was the first maritime trading culture, flourishing from 1550 BCE to 300 BCE. The Phoenicians used the galley, a sailing vessel with oars that could be used to head against the wind, and they are credited with the invention of the bireme, effectively doubling the number of rowers. They were famed in Classical Greece and Rome as ‘traders in purple’, referring to their monopoly on the precious purple dye of the Murex snail which was reserved for royal clothing. Some claim that the Phoenicians possibly discovered America, and they certainly traded with Cornwall for tin, and with Wales to buy copper and gold. They are also famed for the spread of the alphabet from which all major modern alphabets are derived. The Romans threw all their resources into learning how the Phoenicians and Carthaginians (Carthage was a Phoenician colony) built and navigated boats, and eventually took control of the Mediterranean after bitter resistance.

BEER

––– c.6000 BCE –––
SUMER, MESOPOTAMIA

Across the world, beer has been a very important foodstuff, full of calories to sustain hard-working labourers. It was also preferred generally to water, which might be tainted and could cause disease. Its use as a social lubricant came later. If this author is allowed to have one favourite invention from the millennia of recorded history, it has to be beer or ale. The roots of brewing can be traced back to African, Egyptian and Sumerian cultures, and the oldest proven records of brewing are from Sumer, a culture that developed between the Tigris and Euphrates rivers. The area includes southern Mesopotamia and the ancient cities of Babylon and Ur. It is said that the Sumerians discovered the fermentation process by chance. A seal that is around 4000 years old is a Sumerian Hymn to Ninkasi, the goddess of brewing. The hymn is also a recipe for making beer. Perhaps originally bread or grain became wet, fermented with wild yeast, and people realized that an inebriating pulp had accidentally resulted. Early accounts, with pictograms of what is recognizably barley, show bread being baked then crumbled into water to make a mash, which is then made into a drink which made people feel ‘exhilarated, wonderful and blissful!’ The Sumerians are assumed to be the first civilized culture to brew beer, their ‘divine drink’ – a gift from the gods.
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The Babylonians became the rulers of Mesopotamia after the Sumerian empire collapsed, and they also mastered the art of brewing beer, brewing 20 different types. Drinking straws were used to avoid taking in the bitter brewing residue that lay in the bottom of a drinking vessel. King Hammurabi of Babylon decreed the oldest known collection of laws, one of which established a daily beer ration. The worker received 3.5 pints (2 lit) a day, but high priests received 8.75 pints (5 lit). The Egyptians brewed beer after initially importing it from Babylon. They also used unbaked bread dough for making beer, and added dates to the brew to improve the taste. Across the world different beers were made. Pliny reported the popularity of beer in the Mediterranean area before wine took hold. The oldest proof that beer was brewed on German soil comes from around 800 BCE. Tacitus later wrote: ‘To drink, the Teutons have a horrible brew fermented from barley or wheat, a brew which has only a very far removed similarity to wine’. In the Finnish poetic saga Kalewala, 400 verses are devoted to beer but only 200 are needed to describe the creation of the Earth! According to the Edda, the Nordic epic, wine was reserved for the gods, beer belonged to mortals and mead (made from honey) was for inhabitants of the realm of the dead.

As the cultivation of barley spread north and west, brewing went with it. As time passed, Christian abbeys, as centres of agriculture, knowledge and science, refined the methods of brewing. However, there was still very little known about the role of yeast in completing fermentation. Beer was considered a valuable (potable) foodstuff and workers were often paid with jugs of beer. It must be remembered that until the 20th century, beer was far less likely to cause illness than water, especially where there were centres of population and where water sources might be contaminated. By the 16th century hops had gained widespread use as a preservative in beer, replacing the previously used bark, herbs or leaves. Perhaps the most widely known event in brewing history was the establishment of German standards for brewers. The first of these regulations was the Reinheitsgebot of 1516 – the most famous beer purity law in the world. This pledge of purity states that only four ingredients can be used in the production of beer: water, malted barley, malted wheat and hops. Yeast, though not included in this list, was acceptable, as it was taken for granted as being a key ingredient in the brewing process.



BEER CHANGES PRIMITIVE MAN INTO A HUMAN BEING

FROM PROBABLY the oldest written story, the Sumerian Epic of Gilgamesh (c.2750–2500 BCE), we learn that not only bread but also beer was very important. It describes the evolution from primitive man to ‘cultured man’: ‘Enkidu, a shaggy, unkempt, almost bestial primitive man, who ate grass and could milk wild animals, wanted to test his strength against Gilgamesh, the demigod-like sovereign. Taking no chances, Gilgamesh sent a prostitute to Enkidu to learn of his strengths and weaknesses. Enkidu enjoyed a week with her, during which she taught him of civilization. Enkidu knew not what bread was nor how one ate it. He had also not learned to drink beer. The prostitute opened her mouth and spoke to Enkidu: “Eat the bread now, O Enkidu, as it belongs to life. Drink also beer, as it is the custom of the land”. Enkidu drank seven cups of beer and his heart soared. In this condition he washed himself and became a human being.’
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The next great development occurred in the mid-19th century, through work done by Louis Pasteur, who was the first to propose an explanation of how yeast worked. Shortly thereafter, samples of Bavarian yeast provided the successful identification of a single-cell and strain of the bottom-fermenting lager yeast. German brewers had started to make beer by lagering (storing) in 1402. Brewing was not possible in the warm months because wild yeasts prevalent in the warmer weather of summertime would sour the beer. Brewers discovered that brewing in the cold months and storing the beer in caves in the nearby Alps imparted stability to the beer and enhanced it with a cleaner taste, although they did not know why. Today, we know that the reason the beer was clearer and cleaner was due to the fermentation process the beer underwent in the cold, during which the chemicals and bacteria responsible for clouding beer were unable to thrive. They were therefore filtered out of the beer. In 1880, there were approximately 2400 breweries operating in the US embracing many of the classic brewing styles. Today there are only 375 breweries. The change can be traced back to the era of the Volstead Act of 1919 – this ‘Eighteenth Amendment to the Constitution’ ushered in Prohibition. There is a staggering variety of beers available today, especially in Belgium where there are not only fruit beers, but beers made using the champagne process.

AGRICULTURE

––– c.5000 BCE –––
SUMER, SOUTHERN MESOPOTAMIA (MODERN IRAQ)

Agriculture was the stimulus that led humankind to a life of settled civilization rather than nomadic hunter-gathering. The farming of domesticated species of plants and animals created food surpluses allowing people to live together in fixed places like towns and cities. Agriculture began with the planned sowing and harvesting of plants which had previously been gathered in the wild. The earliest agriculture began around 7000 BCE in the Fertile Crescent of Egypt, Phoenicia, Assyria and Mesopotamia. The region today comprises Egypt, southeast Turkey, Iraq, Syria, Palestine, Israel, Jordan, Lebanon and western Iran. Independent development of agriculture occurred at different times in India, China, the Sahel zone of Africa and parts of the Americas. The first cultivation in the Old World included the Neolithic founder crops, the plant species of emmer wheat, einkorn wheat, hulled barley, peas, lentils, bitter vetch, chick peas and flax. Thus flax (for oil, clothing and cord), three types of cereal and four pulses formed the basis of systematic agriculture. As the Irish political writer Henry Brooke (1706–83) observed: ‘In the age of acorns, antecedent to Ceres and the loyal ploughman Triptolemus, a single barleycorn had been of more value to mankind than all the diamonds that glowed in the mines of India.’
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By 6000 BCE, Egyptian agriculture was concentrated on the banks of the Nile, as systems of irrigation had not yet been constructed. Agriculture developed independently in the Far East, with rice rather than wheat being the main crop. Net fishing of rivers, lakes and ocean shores brought in essential protein, and these new methods of farming and fishing sparked a human population boom. Before the development of settled agriculture, there had occurred the domestication of wild aurochs from 6000 BCE (huge wild cattle which became extinct in 1627) and mouflon (wild sheep) that were kept as herded cattle and sheep. Farms based on agriculture began the large-scale use of animals for food and skins, and oxen (castrated male cattle) were used for pulling carts and tilling soil.

By 5000 BCE, core agricultural techniques had developed in Sumer, allowing the growth of settlements and eventually cities. Sumerians were the first civilization to practise year-round, large-scale intensive cultivation of land, monocropping (growing a single crop year after year on the same land), organized irrigation and the use of a specialized labour force. The surplus of storable food created by this economy allowed the population to settle in one place, instead of migrating looking for fresh crops and grazing land for their animals. It also allowed for a much greater population density, and in turn required an extensive labour force and the more efficient division of labour. Because of the need to develop a system of recording barter and exchange of crops and animals, Sumer was the site of the earliest development of writing.
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WHEEL

––– c.3500 BCE –––
SUMER, SOUTHERN MESOPOTAMIA (MODERN IRAQ)

The wheel has been the most important device in the evolution of transport and technology. It allows heavy objects to be moved easily, through rotating on an axle through its centre. This facilitates movement or transportation while supporting a load, or performing labour with machines. A wheel, together with an axle, lessens friction by facilitating motion by rolling. The earliest evidence of a wheel is a pictograph in Sumer, Mesopotamia, but wheeled vehicles around that time also appeared in the northern Caucasus and central Europe. The earliest depiction of a wheeled vehicle, in this case a wagon with four wheels and two axles, is on a clay pot found in Poland and dated to around 3500–3350 BCE. The oldest known example of a wooden wheel and its axle was found in 2003 in Slovenia, and has been radiocarbon-dated to between 5100 and 5350 years old. Early wheels were simple wooden discs with a hole for the axle. Because of the nature of wood’s structure, a horizontal slice of a tree trunk is not suitable as it does not have the structural strength to support weight without collapsing. Rounded pieces of longitudinal boards had to be used.

Between 2200 and 1550 BCE, the spoked wheel was invented, and this allowed the construction of lighter and swifter vehicles. Warfare was transformed with the appearance of horse-driven war chariots. From Mesopotamia and Europe, the adoption of the wheeled vehicle had spread to the Indus Valley by the third millennium BCE, and the spoke-wheeled chariot was seen in both China and Scandinavia by 1200 BCE. War chariots facilitated the rise of Greece and the twin powers of Athens and Sparta. Greek chariot wheels had only four spokes, while the Egyptians had six and the Assyrians eight. About 500 BCE, the Celts invented the wheel hub and the iron rim around the wheel, helping its longevity, and the iron-rimmed wooden-spoked wheel remained in use for two millennia.

Usage of the wheel for long-distance transport was delayed because smooth roads are needed for wheels to be effective. Carrying goods on the back was the preferred method of transportation over surfaces that contained many obstacles. From the 18th century in Europe the development of better turnpike (toll) roads, which were maintained in return for tolls, allowed the easy movement of agricultural produce, manufactured goods and stage coaches. The lack of developed roads in Third World countries prevented general adoption of the wheel for transportation until well into the 20th century. The development of tarmac roads aided the innovation of motor cars from the 1870s, when wire wheels and pneumatic tyres were invented. The invention of the wheel has also been a major factor in many areas of technology, important applications including the water wheel, cogwheel, spinning wheel and astrolabe. The propeller, jet engine and turbine all are descended from the first wheel.

WRITING

––– c.3200 BCE –––
SUMER, SOUTHERN MESOPOTAMIA (MODERN IRAQ)

The invention of writing signalled the dawn of the information revolution. This great technological advance allowed news and ideas to be carried to distant places without having to rely upon a messenger’s memory. Writing emerged in many different cultures and in numerous locations throughout the ancient world. It was not the creation of any one people. However, the Sumerians of ancient Mesopotamia are credited with inventing the earliest form of writing, which appeared c.3500 BCE. The Sumerians recorded trade deals with clay tokens shaped like the goods or animals they had traded, and enclosed the objects in clay envelopes, which they sealed. They marked on the envelope what was inside it. Eventually they realized that there was no need for the tokens, just the description, so in around 3200 BCE the envelopes developed into clay squares marked with symbols recording trade deals. The writings on these tablets are simple pictures, or pictograms, which represent an object or an idea. They progressed from laboriously drawing with a stick to using a pointed reed, developing writing symbols and moving away from pictograms. This was far quicker, as curved lines evolved into wedges or triangles with short straight sides. The letters were written from left to right, but there were no spaces between words. This was the age of cuneiform (meaning wedge-shaped) writing, which lasted for three millennia. The laws of Hammurabi of Babylon (d. c.1750 BCE) were written in cuneiform writing. In Crete, 3000 years ago, there were three different types of script, and only one, Linear B, has been successfully decoded. Egyptian hieroglyphs (sacred engravings) seem to have been influenced by the Sumerian cuneiform script.
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From Egyptian hieroglyphs were developed abjads and the Semitic family of scripts. The abjad (a type of writing system in which each symbol stands for a consonant) was significantly simpler than the earlier hieroglyphs, and the number of distinct glyphs was reduced tremendously. However, this came at the cost of increased ambiguity. This first consonantal alphabetic writing appeared around 2000 BCE. From around 1500 BCE, the first abjad to gain widespread usage was the Phoenician script, consisting of only about two dozen symbols. This made the script easy to learn, and Phoenician seafaring merchants took it across the known world. Phoenician then gave way to a number of new writing systems, including the Greek alphabet from 800 BCE, and Aramaic, a widely used abjad.



ALPHABETS AND ABJADS AND OXEN AND HOUSES

IN AN abjad writing system each symbol usually stands for a consonant, with the reader supplying the appropriate vowel. The original name abğadī derives from pronouncing the first letters of the alphabet in order. The word alphabet comes from the Latin word alphabetum, which in turn derived from the Greek alpha and beta, the first two letters of the Greek alphabet. Alpha and beta in turn came from the first two letters of the Phoenician alphabet, and meant ox and house (early man’s two most important possessions) respectively.



The Greeks borrowed the Phoenician alphabet and adapted it to their own language. The letters of the Greek alphabet are the same as those of the Phoenician alphabet, and both alphabets are arranged in the same order. The Greek adapter of the Phoenician system also added three letters to the end of the series, called the supplementals. The Greeks took letters which did not represent sounds that existed in Greek, and changed them to represent the vowels, the Greek alphabet thus becoming the ancestor of all alphabets in the West.

CANDLE

––– c.3000 BCE –––
EGYPT AND CRETE

Candles were the main form of lighting for millennia, and were also used as clocks and for religious ceremonies. Candles probably originated when people noticed that when they cooked meat, fat dripped onto the fire and caused it to burn brighter. By soaking reeds in liquid fat, people could burn them for light. The Egyptians and Cretans made candles from beeswax as early as 3000 BCE, and also from rush tapers. Clay candlesticks dating from c.400 BCE have been found in Egypt. The candles they held were made by dipping thin cord into molten wax. Early Chinese and Japanese candles were made with wax derived from insects and seeds, moulded in paper tubes. Wax skimmed from boiling cinnamon was the basis of tapers for temple use in India. The earliest known candles that we would recognize today originated in China about 200 BCE, and were made from whale fat. However, candles did not appear in Europe until sometime after 400 BCE, because of the availability of olive oil for burning in oil lamps. The Romans improved the process by inventing the fibre wick. After the fall of the Roman empire, early European candles were made from various forms of natural fats, tallow (fat from cows or sheep) and wax. Tallow was put into the melting pot, and then poured into moulds made of bronze. A trough underneath would catch the excess wax and return it to the melting pot. For the wick, a cord was usually made from the pith of rushes, and suspended from a horizontal rod over the mould when the tallow was poured in. Beeswax and wax candles made from various plant extracts such as bayberry gradually replaced unpleasant-smelling and smoky tallow candles in churches and in wealthier homes.
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In Europe, candles became important parts of religious ceremony, their lighting used to mark holy days and accompany prayer. Since a candle’s burn rate is fairly consistent, they were often used to tell time, and some candles (candle clocks) had hour measurements marked into the wax. These were used in England from 870 CE, and it is said that King Alfred the Great invented them. Some of these candles could act as timers, as a nail was placed at a certain point on the candle and fell off when the appropriate time was reached. By the 18th century, spermaceti (fine wax from the head of the sperm whale) was used to produce a superior candle. Later in the 18th century, colza oil (from a variety of turnip) and rapeseed oil became cheap substitutes.

When paraffin was first distilled in 1830, it became the first choice for candle-making. It was cheap, and produced a reasonably high quality, odourless candle that burned fairly cleanly. Soon after, the discovery of the distillation of kerosene decimated the paraffin candle industry, with cheap oil leading to far more efficient and bright oil lamps. Confusingly, kerosene was also called paraffin, or sometimes paraffin oil in the UK and many other countries. With the advent of cheap whale oil for oil lamps, then kerosene (paraffin) oil lamps, and then gas and electric lighting, candles became less popular. More recently resinbased candles are being used because they burn longer. The wick of modern candles is constructed so that it curves over as it burns, so that the end of the wick protrudes into the hot zone of the flame and is then consumed by fire. Effectively, this is a self-trimming wick.



CANDLES AND SHIPS

A CHANDLERY was originally the place in a medieval noble’s household or monastery where precious wax and candles were stored. It was looked after by a chandler. Candles were usually made here using beef fat (tallow) and other substances, and in time the term chandler was applied to a seller of candles. Soap was a natural by-product of candle-making, and during the 18th century commercial chandlers sold both soap and candles. As many chandlers became general dealers, in ports they came to supply ships with nautical items, and were for some time called ship-chandleries. Now most ports and busy harbours have a chandler’s business nearby.





FISH CANDLE

THE EULACHON is a type of smelt (a small fish) found from Alaska to Oregon. From the first century inidigenous peoples used its oil for lighting. A very simple candle could be made by putting the dried fish on a forked stick and then lighting it.



SWORD

––– c.3000 BCE –––
SUMER, SOUTHERN MESOPOTAMIA (MODERN IRAQ)

For around two millennia these were the favoured weapons in warfare and conquest. Some sword-like weapons dating to 3300 BCE have been found in Anatolia (Turkey), but these are believed to be long daggers. The sword is an adaptation of another tool, the knife, ergonomically adapted for combat. In early history, the dagger was a more common weapon, but in the Bronze Age people learned how to produce longer copper and bronze blades, and the sword became more common. The Sumerian sappara was known and used in Egypt as a khopesh and in Canaan as a ‘sicklesword’ from around 3000 BCE. It was about 20 to 24 inches (50 to 60 cm) in length, and designed for hooking an opponent’s weapon and disarming him. It evolved from daggers and crescentshaped axes used in warfare. Assyrian infantrymen carried a bow, a dagger and a sappara. The sappara was made first in arsenic copper, then in tin-bronze in the Bronze Age from around the 17th century BCE. Sword blades longer than 2 feet (60 cm) were rare and not practical until the late Bronze Age, as at longer lengths the tensile strength of bronze tends to decrease radically. Longer blades would easily bend or break. The earliest bronze swords discovered date to 1600 BCE. Copper was alloyed with around 10-12 per cent tin, making the Bronze Age sword strong, but not brittle.

Sword makers started using iron in around 800 BCE, but Iron Age swords remained fairly short, as again they could be easily bent in action. Iron, however, had the advantage of mass-production due to the wider availability of the raw material. Early iron swords were not comparable to later steel blades, as they were not quench-hardened (cooled by water), but work-hardened, hammered as bronze swords were. Easier production now meant that entire armies could be equipped with metal weapons. The short, flat-bladed Roman spatha, later copied in European swords, helped Rome to build its empire. It was not until the development of stronger alloys such as steel, and improved heat treatment that longswords became practical for fighting. From the 11th century, swords began to develop elaborate crossguards to protect the hand, and the pommel at the end of the hilt stopped the user’s hand from slipping off the hilt.
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Swords were originally designed as cutting weapons, but effective points now became common to counter improvements in armour, especially during the 14th century when chain mail replaced plate armour. Around this time, the hand and a half sword, also known as a bastard sword, was developed. It had an extended grip, so could be used with either one or two hands. Though the sword did not provide a full two-handed grip, it allowed its wielder to hold a shield or parrying dagger in the other hand, or to use it as a two-handed sword for a more powerful blow. With extreme reach, this longsword had both cutting and thrusting capabilities. Different swords, from sabres to rapiers, were now developed for different purposes. The invention of repeating firearms, which could be quickly reloaded and discharged at a distance, largely brought an end to the age of fighting with a sword. The word sword comes from the Old English sweard, meaning to wound or hurt.



HORSE CHOPPING SWORDS

SPECIALIZED ANTI-CAVALRY swords, such as the extremely long zhanmadao and the Japanese zanbatō, were in use around 1000 years ago. The name literally means ‘horse chopping sword’. They had a wrapped handle suitable for two-handed use, and were said to have been able to kill the horse and rider with one swing. In the West, similar swords were developed to attack formations of massed pikemen and to cut the legs of galloping horses.



MONEY, BANKING AND CREDIT

––– c.3000 BCE onwards –––
SUMER, SOUTHERN MESOPOTAMIA (MODERN IRAQ)

The use of money facilitated trading from earliest times. Money is anything that is commonly accepted by a group of people for the exchange of goods, services or resources. Every country has its own system of coins and paper money. In earliest history, people bartered a good or service for another good or service – a fur skin for a salmon, or barley for a spear. However, sometimes we could not agree the value of something, or did not want what the other person was offering in exchange. To solve the problem, humans developed what is called commodity money. The first commodity money was livestock or crops, and in some languages even today the word for property or possessions derives from cattle. In the past, salt, tea, tobacco, cattle, grain and seeds were commodities and were therefore once used as money.

Between 9000 and 6000 BCE, cattle were domesticated and crops began to be cultivated. Cattle are probably the oldest of all forms of money, as domestication of animals tended to precede the cultivation of crops. They were still used for that purpose in parts of Africa until recently. Around 3200 BCE, writing was invented in Sumer, and it seems that the probable motivation for its development was for keeping accounts of trading. From 3000 to 2100 the same region developed banking. Sumerians and then Babylonians needed reliable and safe places for the storage of deposits of grain, followed by other goods including cattle, precious metals and even agricultural implements.

By 700 BCE Lydia (now in Turkey) became the first country in the Western world to mint coins. Countries were soon minting their own series of coins with specific values. Metal was used because it was readily available, easy to work with and could be recycled. Since coins were given a certain value, it became easier to compare the cost of items people wanted. Between 30 BCE and 14 CE Augustus Caesar issued new gold, silver, brass and copper coins. At the same time as his reform of the Roman monetary system, he introduced three new taxes: a flatrate poll tax, a sales tax and a land tax. Taxation has always gone hand-in-hand with money, and collecting money is far easier than collecting goods or services in payment. The collection of money allowed the huge accumulation of wealth of kings and the great land-owners or nobles.

When the barbarian Anglo-Saxons invaded Christian Britain after the fall of the Roman empire, c.435 CE, coins ceased to be used in Britain for 200 years as a medium of exchange, except in Wales, the last refuge of the Britons. Some of the earliest known paper money dates back to China, where its issue became common from about 960 CE onwards. In all countries there have been problems with adulterating coins, and in the reign of England’s King Henry I, the quality of the nation’s silver currency fell dramatically. In 1124, Henry summoned all the mint masters to his capital at Winchester, and cut their right hands off. The quality of coinage improved in the short term. Over the centuries, banking systems were reformed, money was made more difficult to forge and adulterate, and different forms of credit emerged. With the introduction of paper currency and non-precious coinage, commodity money evolved into representative money. This meant that the material that money itself was made of no longer had to be very valuable. To guarantee its value, this representative money was therefore backed by a government or bank’s promise to exchange it for a certain amount of silver or gold, whenever required. For example, the old British pound bill or pound sterling was once guaranteed to be redeemable for a pound of sterling silver.



CATTLE AND CHATTEL

THE WORD ‘cattle’ comes from the Old French/Norman-Picard chatel, and when used in English as chattel had the meaning of personal property. It reminds us of the days when cows were used as a commodity, and refers to personal belongings, not land. Not only were African slaves in the early colonies recognized as chattels in law, but so were wives across Europe, who were ‘owned’ as property by their husbands. European noblewomen were also party to chattel marriages, although if they brought money or property with them to the marriage, there were usually contracts involved, and dower rights were preserved for the wives. Wives in novelist Thomas Hardy’s time were still being bought and sold as chattels, being a commodity of exchange. The English custom of wife-selling began in the late 17th century, when divorce was a practical impossibility for all but the very wealthiest men. After parading his wife with a halter around her neck, arm or waist, a husband would auction her to the highest bidder. Wife-selling provides the backdrop for Hardy’s The Mayor of Casterbridge: The Life and Death of a Man of Character (1886), in which the central character sells his wife at the beginning of the story. Wife sales in England still appear to have happened in the earliest past of the 20th century, and a woman gave evidence in a Leeds police court in 1913 that her husband had sold her to one of his workmates for £1.
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DOUBLE-ENTRY ACCOUNTING 1299–1300

PEOPLE HAD been tracking money (to pay bills, collect taxes) for thousands of years, but trade was becoming too complex by the 1400s, and so the Italians invented double-entry accounting. It happened there because Venice, Genoa, Florence and other Italian city states were central to increasing trade across the Mediterranean to the Middle East and North Africa. Their innovation made banking reliable and enhanced trade and commerce, and Italy quickly became the banking capital and wealthiest country in Europe. It was the 15th-century equivalent of the invention of the Internet and the dotcom boom. For the German sociologist Max Weber, double-entry accounting marked the entry point for capitalism.
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The double-entry bookkeeping system is a set of rules for recording financial information, where every transaction or event changes at least two different nominal ledger accounts. The name derives from the fact that financial information used to be recorded using pen and ink in paper books (hence ‘bookkeeping’) and that these books were called journals and ledgers (hence ‘nominal ledger’, etc.). Each transaction was entered twice (thus ‘double-entry’), with one side of the transaction being called a debit and the other a credit. The earliest record is by Antonio Manucci, a Florentine merchant, in accounts he kept in his firm’s branch in Provence in 1299–1300. By the end of the 15th century, the merchant venturers of Venice used the system widely. Benedetto Cotrugli was a citizen of the Dubrovnic Republic, and his 1458 book Della Mercatura et del Mercante Perfetto, is credited with being the first to portray the principles and methods of double-entry bookkeeping.
 
Luca Pacioli (1446/7–1517) was a Franciscan friar who collaborated with Leonardo da Vinci, and taught him mathematics, in Milan. His 1494 Summa de arithmetica, geometria, proportioni et proportionalità was a printed mathematics textbook published in Venice, and it contained a detailed description of the double-entry system, allowing others to use it easily. Hence it spread widely across the known world. Pacioli used the accounting equation Equity = Assets minus Liabilities. If the sum of debits for all accounts does not equal the corresponding sum of credits for all accounts, an error must have occurred. He warned that a person should not go to sleep at night until the debits equalled the credits. His ledger had accounts for assets (including receivables and inventories), liabilities, capital, income and expenses, like today’s accounts.



For most of the 19th and 20th centuries, the majority of currencies were based upon representative money through the use of the Gold Standard. Representative money has now been replaced by fiat money (the Latin ‘fiat’ means ‘let it be done’). Money is now given value by a government fiat or decree, in other words enforceable legal tender laws were made. By law the refusal of legal tender money, in favour of some other form of payment, is illegal. However, the high costs of cheque and money payments became a strong motivating factor in the development of electronic payment systems in the USA and abroad. By 1995, over 90 per cent (by value) of all transactions in the United States were made electronically, and the use of credit cards is slowly making money obsolescent for many transactions. Different types of credit are constantly being evolved, and the use of money (in the form of notes or coinage) declining every year.

ABACUS

––– c.2700–2300 BCE –––
SUMER (SOUTHERN MESOPOTAMIA, MODERN IRAQ)

Forbes.com readers, editors and a panel of experts ranked the abacus as ‘the second most important tool of all time’, in terms of its impact on human civilization. Before the invention of this first ‘personal calculator’, the best counting tool available was one’s fingers. The abacus, or counting frame, is a calculating tool that is still popular in parts of Asia for carrying out arithmetic. Around 1200 CE the Chinese refined the design, creating the modern, wire-based abacus with a bamboo frame and beads sliding on the wires. However, originally abaci were simply beans or stones moved in grooves in sand, or on tablets of wood, stone or metal. The abacus is one of the first mechanical counting devices and its invention reduced the amount of time necessary to perform complex mathematical operations. This made it an invaluable tool for commerce, science and engineering. The first definite abacus was Sumerian. It was a table of successive columns, which delimited the successive orders of magnitude of their sexagesimal number system. Around 600 BCE the Persians first began to use the abacus, from where their use spread to India, China, Greece and through the Roman empire. Herodotus tells us that the Egyptians manipulated pebbles from right to left, opposite to the Greek left-to-right method. By the fifth century BCE the Greeks were using a table of wood or marble, pre-set with small counters in wood or metal for mathematical calculations. This development was then used across the Western and Middle Eastern worlds. A white marble slab found on the Greek island of Salamis is dated to 300 BCE, and is the oldest discovered counting board.
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The Chinese abacus we see today, known as the suànpán (‘counting tray’), usually has a minimum of seven rods or stiff wires. It consists of two parts, one above the other. Each part consists of columns of beads. The lower part usually consists of five beads and the upper part of two beads. The beads in the lower part are assigned values arbitrarily. For example, you may assign the beads in the rightmost column a value of 1. Then you may subsequently assign a value of 10 to the column to its left, and a value of 100 to the column further left and so on. The beads in the upper part are worth five times the value of the beads in the lower part. The hardwood beads are counted by moving them up or down towards the beam. If you move the beads towards the beam, you count their value. If you move them away, you don’t count their value. The suànpán can be reset to the starting position instantly by a quick jerk along the horizontal axis to spin all the beads away from the horizontal beam at the centre. Unlike the simple counting board, very efficient suànpán techniques have been developed to do multiplication, division, addition, subtraction, square roots and cube roots at high speed.



THE MEANING OF POSITIONAL NOTATION

THE ABACUS uses the concept of one set of objects standing in for objects in another set, and also the concept of a single object standing for a collection of objects. This is known as positional notation. This one-for-one correspondence continued up to early calculators, which used the placement of holes in a dial to signify a count, e.g. in a rotary dial telephone. Although these machine often had the number symbol engraved alongside the dial holes, the user did not have to know the relationship between the symbols and their numeric value. The abacus does not actually do the computing, as today’s calculators do. It helps people keep track of numbers as they do the computing, and people who are good at using an abacus can often do calculations as quickly as a person who is using a calculator. Not until the 1990s did Russia stop teaching abacus use in primary schools, while it is still taught in China, Japan and other Asian countries.
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PYRAMID

––– 2630–2611 BCE –––
IMHOTEP FL.2655–2600 BCE, EGYPT

The Egyptian Imhotep was responsible for the first large-scale architecture of which we know. A commoner by birth, Imhotep’s intelligence and determination enabled him to rise to become the most trusted advisor of the pharaoh Djoser. The polymath became chancellor to the pharaoh, and is the first known architect, engineer and physician. The full list of Imhotep’s titles is: ‘Chancellor of the King of Egypt, Doctor, First in line after the King of Upper Egypt, Administrator of the Great Palace, Hereditary nobleman, High Priest of Heliopolis, Builder, Chief Carpenter, Chief Sculptor, and Maker of Vases in Chief.’ Imhotep designed and constructed the pharaoh’s tomb, the Step Pyramid of Djoser at Saqqara near Memphis in Egypt. Before Djoser, who reigned from 2630–11 BCE, all pharaohs were buried in mastaba tombs. Mastabas were flat-roofed rectangular structures with outward-sloping sides. Manetho, the Egyptian historian, credited Imhotep with inventing the method of a ‘stone-dressed’ building, although Imhotep was not the first to actually build with stone. Stone walling, flooring, lintels and jambs had all appeared sporadically before Imhotep, but a building of the Step Pyramid’s size, made entirely out of stone, had never before been constructed.

The pyramid, originally 203 feet (62 m) high, was the world’s tallest structure, with a base of 358 × 410 feet (109 × 125 m), and was clad in polished white limestone. It is the central feature of a massive mortuary complex in a huge courtyard surrounded by a ceremonial structure. This first Egyptian pyramid had six mastabas of decreasing size built on top of one another. Also known as a proto-pyramid, it is thought to be the earliest large-scale cut stone construction. (The oldest known uncut stone pyramid structure dates to 3000 BCE in Caral, Peru). Djoser’s step pyramid is a radical departure from previous architecture, and the social implications of such a large and carefully sculpted stone structure are important in the development of civilization. The process of building was far more labour-intensive than it was for previous monuments made of mud-brick, suggesting that the Egyptians had a new level of control of resources, both material and human.
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MEDICINE

––– 2630–2611 BCE –––
IMHOTEP FL.2655–2600 BCE, EGYPT

Imhotep’s were the first rational and scientific writings on medicine. The ‘Edwin Smith Papyrus’ of c.1600 BCE contains anatomical observations, ailments and cures, and the original source of its knowledge is attributed to Imhotep. More than 90 anatomical terms and 48 cases of injury are described. Each case details the type of the injury, examination of the patient, diagnosis and prognosis. Other papyri are medical texts based on magic, but the Edwin Smith Papyrus presents a rational and scientific approach to medicine in ancient Egypt. It is about 15 feet (4.6 m) long, divided into 17 pages, with hieroglyphic writing on both sides. The majority of the papyrus is concerned with trauma and surgery. On the recto side are recorded 48 cases of injury. The papyrus describes closing wounds with sutures (for wounds of the lip, throat, and shoulder), preventing and curing infection with honey, and stopping bleeding by the application of raw meat. Immobilization is advised for head and spinal cord injuries, as well as other lower body fractures. It contains the first known descriptions of the cranial sutures, the meninges, the external surface of the brain, cerebrospinal fluid and the intracranial pulsations. The procedures of this papyrus demonstrate a level of knowledge of medicines in ancient Egypt that surpassed that of the Western ‘father of medicine’ Hippocrates, who lived some 2200 years after Imhotep. On account of its practical nature and the types of trauma investigated, it is believed that the papyrus served as a textbook for treatment of the trauma that resulted from military battles. Imhotep may have also founded the school of medicine in Memphis, which remained famous for 2000 years. Imhotep became a local god at Memphis, where he was glorified for his skills as a physician and a healer. Here he was served by his own priesthood and was considered to be an important intermediary between humans and the gods.
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THE FIRST FATHER OF MEDICINE

THE CANADIAN Sir William Osler was called ‘the father of modern medicine’, but he was clear that Imhotep should be credited as the original ‘father of medicine’. He tells us that Imhotep was the: ‘…first figure of a physician to stand out clearly from the mists of antiquity. Imhotep diagnosed and treated over 200 diseases, 15 diseases of the abdomen, 11 of the bladder, 10 of the rectum, 29 of the eyes, and 18 of the skin, hair, nails and tongue. Imhotep treated tuberculosis, gallstones, appendicitis, gout and arthritis. He also performed surgery and practised some dentistry. Imhotep extracted medicine from plants. He also knew the position and function of the vital organs and circulation of the blood system.’
 
The Encyclopaedia Britannica supports Osler’s view: ‘The evidence afforded by Egyptian and Greek texts support the view that Imhotep’s reputation was very respected in early times. His prestige increased with the lapse of centuries and his temples in Greek times were the centres of medical teachings.’



PAPYRUS SCROLL

––– 2630–2611 BCE –––
IMHOTEP FL.2655–2600 BCE, EGYPT

Along with the achievements listed above, Imhotep was the high priest of the sun god Ra at Heliopolis, and one of the very few commoners to be accorded divine status after death. Imhotep was also revered as a poet and philosopher, and the centre of his cult was at Memphis. Imhotep was also said to have invented the papyrus scroll (roll), enabling long documents to be written and, more importantly, preserved. (Some of the Dead Sea scrolls were written on papyrus.) Papyrus is a thick paper-like material produced from the pith of the papyrus plant, a wetland sedge formerly abundant in the Nile Delta. It was used as a writing material and also to make boats, mattresses, mats, rope, sandals and baskets. To form the long strip that a papyrus scroll required, a number of papyrus sheets were united, placed so that all the horizontal fibres parallel with the roll’s length were on one side and all the vertical fibres on the other. Texts were written on one side, the lines following the fibres, parallel to the long edges of the scroll
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