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The new millenium has found a horrified world watching the silver wings of modern travel mutating into weapons of mass destruction. Around us the wonders of advanced technology are revealed as the obscene vehicles financial excess and fiscal chicanery. Is it any wonder people long to retreat from the modern world? Forty years ago Stanley Kubrick and Arthur C Clarke gave cinema audiences a vision of the mankind in 2001 reaching out into the solar system and beyond. Today audiences queue outside cinemas to escape into fantasy worlds populated by witches and wizards, and empowered by curses, conjuration and magic. Bookstores can not keep up with the demand for spellbinding sagas with their tales of simplistic conflicts between the forces of good and evil. Meanwhile, the readership of science fiction, with its visions of an expansive, if uncertain, futures founded on applied science slowly withers of cynicism and old age.


Arthur C. Clarke once remarked that a technology sufficiently advanced is indistinguishable from magic. The converse is also true. Any technology that is used without an adiquate scientific understanding will be interpreted as magical. Consider a wizard casting a spell. Hollywood has neither the time nor the interest to portray the arduous process of conjuration. An adept would first undergo a long period of purgation, fasting and meditation before entering a secret chamber lined, no doubt, with mystic tapestries. Enveloped by incense fumes and illuminated by the dancing beams of flickering candles he encompasses a magic circle on the floor and from within begins to chant. The ancient spirits of Nature do no come lightly to the summons of mere mortals, but after many hours of labor, the forms of the unseen will be revealed to the worthy. 


After a couple of hours the air in the chamber will be thick with carbon dioxide and candle smoke. Only the medieval Church could afford beeswax candles, and cheap tallow candles were made from of animal fats.  Black candles are essential accessories for the dark arts. They are colored with animal, human or best of all, menstrual blood. Fats and blood are rich in nitrogen compounds, which, when burnt, give off ammonia, cyanides and a host of very interesting volatiles. The incense used on such occasions was not just sweet smelling; it added its own potent chemical kick to the atmosphere of the occasion. A vaporous witch’s brew surged through the adept’s lungs, into his bloodstream and intoxicated his brain. The magic circle tenuously tethered the adept’s mind to our earthly reality while the spirit soared away to chemically altered states of consciousness.


Delving beneath the rites of magic quickly reveals a foundation of practical organic psycho-chemistry. Drive around any suburban subdivision, and soon you will come face to face with a garden gnome, today’s most familiar Nature spirit. These jolly fellows are traditionally portrayed sitting on a mushroom. Gnomes, however, are very particular about their garden furniture. They refuse to appear on any old common or garden fungus. They insist on a very specific toadstool with a red cap speckled with white spots: the Fly Agaric, or Amanita Muscaria.  Reference books warn that the European Amanita Muscaria is a very potent intoxicant and hallucinogenic. If you were foolish enough to nibble just a little Fly Agaric you too would soon see gnomes, and not just in the garden. You would see them in the street. They would be waiting in the living room. They would be lying in the bedroom, and there would be two hot ones to greet you in the kitchen; hence: Gnome, Gnome on the Range! 

If you were to eat a little too much Amanita Muscaria you would likely go berserk. The legendary Norse warriors, who wore the bear shirt, were said to have drunk a potion that made them forget fear and become immune to pain, and Amanita Muscaria was widely used by shamans in Northern Europe. Having imbibed their favorite poison the Vikings would merrily descend on a local town and paint it red with bloody eagles. The bloody eagle was a jolly Norse custom. The honored victim was slit from neck to navel, so that his ribs could be opened and his lungs spread out to reveal them swelling and falling like an eagle’s wings in flight. The Vikings were undoubtedly the all time party dudes of the Dark Ages.

Eat far too much Amanita Muscaria, and you could die. Never, never eat a wild fungus unless you are absolutely certain of its identity and that it is edible. Although a healthy adult is rarely killed by a single ingestion of Amanita Muscaria, eating it can be fatal, for it is a close relative of that most deadly of toadstools: the Death Cap or Amanita Phalloides. The Death Cap is doubly lethal. Not only is it extremely toxic, but it can also be easily mistaken for an edible mushroom. The Fly Agaric and the Death Cap should be out of bounds for anyone who does not want to experience a slow and painful death as their liver and kidneys rot.

The Amanita Muscaria illustrates a problem faced by all wizards. They made their livelihood selling potions, ointments and tinctures concocted from hundreds of potentially dangerous ingredients. Medieval adepts had to control complex organic chemical reactions without the essential requirements of a modern laboratory. They had no clocks, no thermometers, and no shelves of carefully labeled reagents. Moreover, the medieval practitioners of magic are separated from our experience by an unbridgeable gulf. Their world was scarcely literate. Writing materials were expensive and difficult of obtain. Books were more valuable than gold. Few outside the church, or perhaps a courtly bureaucracy, could read and write. Literate members of the lay community were regarded with disquiet and suspicion.

During an illiterate age, when there was no way of writing down a shopping list, how could anyone go to the market? Common folk had to rely on their memory, and everyone was practiced in the art of medieval mind theatre. This bizarre technique developed to use the strengths of the human memory. It is still used by memory performers on the stage today. Imagine a very familiar activity, perhaps a walk around your house or your neighborhood. At intervals insert incongruent visual puns that refer to the merchandise you might want to purchase. When the time comes to recall the shopping list, make that mental journey around the house. At each point on the journey you will be greeted by an unforgettable image that unlocks a needed memory. The Tarot with its bizarre and arcane images is a lingering echo of late medieval mind theatre. 

Spells, based on mind theatre, were the medieval wizard’s chemical reference. They told him what to include in his potion, when and how to add it, and what the result should be. The ancient magical lore that was eventually written down is largely incomprehensible today. Its pages are, like medieval mind theatre itself, filled with bizarre images that are metaphors and puns for the ingredients of the trade of the wizard and the alchemist. Those images permitted a wizard to remember the specific components for a required concoction from a spectrum of hundreds of gathered from the woods and fields. Alas we have lost their context. Without the spiritual journey into which were inserted we can only guess at their real meaning. A wizard convicted of witchcraft was lucky to be strangled before being burnt at the stake. Safety depended on secrecy, so a spell’s true meaning was vouchsafed to only the most trusted. 

Selected ingredients had to be added in the correct order and at the right time. Leaving out a pinch of this or a measure of that could have unfortunate consequences. So spells were rhymed. If following lines did not rhyme correctly then the spell must be incomplete. In modern computer terms, spells contained a built-in cyclic redundancy check (CRC). Indeed, if a line did not scan, then it must be defective in detail. 


Unlike a modern chemist, a wizard had no clock with which to time the reactions in his vessel. Like a trained singer or dancer, a wizard used his body to keep time. A steady chant was all he needed for split second accuracy.

 Spells were a wizard’s most vital intellectual property, for they were the keys to magic. They safely listed the correct components of a potion, in the right order, and chanted during the conjuration they ensured accurate timing. The magic of spells is not mysterious; they are simply good laboratory practice for the profoundly illiterate.

Much of a wizard’s time may been have devoted to the mundane production of medicaments, phylactics, stimulants, aphrodisiacs and poisons. In his private hours, however, the true adept sort to rise above the immediate demands of daily life. No quest demanded more dedication, or had a loftier goal, than the search for the Philosopher’s Stone. The ancient Greeks and the Romans believed in the alchemist’s Philosopher’s Stone. The belief that a wondrous earth existed that could transmute common base metals to gold was rooted in the Dark Ages and saw its greatest flowering in the fertile minds of the Medieval Europe. Even as late as the seventeenth century, Sir Isaac Newton devoted much of his life to alchemy. The aura of the Philosopher’s Stone only faded with the dawning of the age of Enlightenment during the eighteen century. 

The ancients did not partition their universe into unrelated material and spiritual spheres. Exterior activity and inner contemplation were inseparable aspects of experience, and the Philosopher’s Stone expressed the achievement of material and spiritual ideals. Materially it was a substance drawn from the Earth that by contact would transform a common, cheap base metal into bright, untarnished gold. Spiritually the Stone would alloy and refine the corrupt mortal clay of humanity and from it draw forth a lost perfection shinning with the eternal nobility of the divine.

The meaning of the modern word ‘Science’ is knowledge, and to be a research scientist is to seek knowledge of the structure of Nature. Ignorance is the parent of fear, helplessness and despair. Knowledge, hard won, tried, proven and humbly incorporated into the full corpus of scientific understanding has an intrinsic worth beyond price. Although the revelations of science may at times be  painful, its forever unfinished search for knowledge,  always imperfect, none the less enriches, empowers and ennobles the human condition.

Scientific research is expensive and such airy-fairy sentiments count for little when working the streets for grants and contracts. Instead the scientist must lead executives to lush research parks. When strewn with the scattered shards of science those well-manured pastures sprout profit making, ticky tacky, tax fiddled, mind brothels and widget screwing houses like Phalloides in the fall.

The medieval alchemist faced a similar challenge. Tools and materials cost money and in cold northern climes the body has to be fed, clothed and housed, if the spirit is not to depart in haste. The brethren of alchemy may have been dedicated to the Great Work that was nothing less than a quest for the timeless essence of reality. A presence that could perfect the corruptible matter of Man. Freed at last from the tyranny of time, humanity could reach for eternal spiritual perfection. Alas! Before an alchemist could begin his quest he needs must grovel with his humble requests for support at the feet of some barbarous tyrant. Indeed if the adept was not to take a sudden short cut to the empyrean, he was wise of obey the more earthly demands of his lord.

Gold! That is what his master demanded. Gold with which to buy armies that would overpower his rivals. More gold with which to bribe his allies, and yet more gold to bedeck his court. Then, as now, gold was the symbol and instrument of power, and the ability to convert cheap lead into gold was enticing. The imperfect transmutation of metals was well known. For thousands of years metal smiths had mixed the soft red base metal copper, with gray fragile tin. Carefully heated in a furnace, fire conjured a wondrous transformation. The weak metals were transformed into a tough, resilient brown alloy: bronze. Bronze resisted corrosion. It was tough and could be wrought into excellent armor. It took a blade with ease, and could be fashioned into mirrors, pots and ornaments that could be sold, and taxed. Even an uncultured king could appreciate the value of bronze. 

There was another, long known, but mysterious process that provided a convenient precedent to the alchemist’s task. If an ore call Sphallerite was heated it became a white ash. If the ash was then mixed with copper and charcoal and heated for many hours in a sealed vessel the mixture transformed into a bright, soft yellow metal. This metal could be worked and polished like gold. Although it tarnished it resisted corrosion. It was, however, far too light to be the noble metal. It was the alloy brass. Brass made by the Cementation Process, as this technique is called, was impure, expensive and had uncertain properties. But poor though it was, European civilization knew of no other way of making brass until the middle of the eighteenth century. 

Simply cracking the hot vessel pulled from the furnace resulted in an unenlightening puff of white smoke that settled on the ceiling as a fluffy mass of Philosopher’s Wool. The fiscally adept alchemist would not hesitate to propose that, with adequate R and D support, his regal manager would come to possess an intellectual property of inestimable worth. Adding a little refluxing and perhaps extra purification to the currently available techniques would no doubt, in time, result in the transmutation of the cheap, heavy, gray, base metal, lead into pure gold. 

The quest for Philosopher’s Stone endured for over two thousand years. Our ancestors could not access to the accumulated knowledge of subsequent centuries and their concepts of proof were subjective and imprecise, but we are not more intelligent than our predecessors. Repeated failure would have consigned the Philosopher’s Stone to trash pile of history, if a faint breath of legend had not fanned the alchemists’ fires. During the long centuries, travelers carried tales of distant lands where great masters of the arts of metal could craft gold from base metals.

The mystic lore of alchemy came to Europe from the east and the gateway to those fabled lands was the great port city of Alexandria at the mouth of the Nile. To there had come the knowledge and practices of the ancient masters of the hidden arts. From there caravans set out to cross the tideless sea of the Arabian Desert. The Romans called the southern coast of the Arabian Peninsula “Arabia Felix”, happy or bountiful Arabia. Ancient dams and canals irrigated the desert, which bloomed with dates, Myrrh, Frankincense, rare spices and herbs. It was a land truly blessed by good fortune, for it lay at the heart of the world’s first regular oceanic trading route.

The winds in the Indian Ocean are unique. They reverse by season. In the winter cold air over Siberia sinks and floods over the Himalayan mountains to become the north east Monsoon. This dry wind blows south past Arabia, and the East Coast of Africa to reach the equator. In summer weather patterns are reversed. The air over Siberia rises and the warm, wet, southwest monsoon wind brings life to the coasts of Africa and Arabia and the great sub-continent of India. The master of a simple square-rigged ship only had to stretch his sails in the fall and the following wind would take him from Arabia to Africa. When the seasons changed the counter monsoon would carry him home and on to the great cities of western India.  

At the height of their empire, the Romans established trading posts along the West Coast of India. If a traveler from medieval Europe survived the crossing of the Arabian Desert, for the Arabs were ruthlessly jealous of their trade, he could still take ship from Mukkala or one of the other great ports of southern Arabia to the teeming civilization of India. Like a modern tourist, our traveler would have marveled at the colorful markets of Gujerat. Beguiled by the tantalizing aroma of spice, flowers, and the smoke of wood and dung, he would have been dazzled by the work of the local craftsmen. The metal smiths of India fashioned gold, silver, and ironware that was superior to any in Europe. Above all the Indians excelled in making fine brassware. Today Indians love to fill their homes with brass cooking pots, vases and ornaments, and a thousand years ago India produced brass of quality and a price that no one in Europe could match. 

If our traveler was an honored guest, he may have been ushered into the holy precincts of a Hindu temple, there to see an image of a Hindu god crafted from the Five Metals. “The Five Metals” it is a phrase still uttered with reverence today, for it is an alloy of base metals, enriched by the noble metal itself, that has the color, lustre and some of the heft of gold. Let our traveler persist, and no doubt with the exchange of a little real gold, and eventually into his hand might pour a stream of flakes of a strange, crumbly, gray metal; the Philosopher’s Stone: pure, elemental, Zinc! 

Brass is an alloy of copper and zinc. All the metals of antiquity were smelted by heating the ore in a charcoal furnace. Metal ores are either metallic sulphides or oxides, and a sulphide ore can be converted to the oxide by heating it in the air. Charcoal is pure carbon, and in the air burns to carbon dioxide. At the heart of a furnace the reaction is incomplete and the carbon becomes hot carbon monoxide gas. This rips oxygen from the ore and the resulting carbon dioxide escapes leaving the metal behind. The first metals, copper and tin are released as liquids and form a pool at the bottom of the furnace. The temperatures in a primitive charcoal furnace are not high enough to melt iron, so iron is liberated as a spongy solid mass, called a bloom. 

Sphallerite is Zinc Sulphide ore, and when heated in air becomes a white zinc oxide ash. The temperature at the heart of a charcoal furnace can readily exceed 950 degrees Celsius. At this temperature carbon monoxide reduces the ore to metal. Unfortunately zinc vaporizes at 915 degrees Celsius and is released as a gas and mixes with carbon dioxide simply escapes up the chimney. The Cementation process mixes charcoal with zinc oxide, air and copper in a hot, sealed crucible. The charcoal burns to carbon monoxide and releases the zinc as a gas. With nowhere else to go the zinc diffuses into the copper making brass. If the hot crucible is broken, the zinc vapor escapes and burns back to a white smoke of zinc oxide. 

The brass made by the cementation process is impure, for it is mixed with trace metals and non-metallic impurities in the spallerite ash. The amount of zinc that enters the copper varies and so it is difficult to control the final properties of the brass. Moreover, brass with high proportion of zinc can not be made this way, so the brass is always soft.

A tourist in North Western India is sure to visit the beautiful city of Udiapur with its famous lake palace hotel. The site of extensive ancient zinc mines and smelting operations can be found at Zawar, southwest of Udiapur. There, since the 1950’s, industrial archeologists found mines, tools and huge ash piles up to two thousand years old. Over the centuries more than a million tonnes of  sphallerite ore had been mined, and roasted to zinc oxide in preparation for smelting. There were, however, no signs of the cementation process.

Instead the archeologists found the remains of large numbers of unusual furnaces several metres high. They all had thick clay grates supported tens of centimetres above the ground, and perforated with holes a few centimetres in diameter. Many of the furnaces had round, clay bottles with long thin necks sitting inverted in the holes. The ends of the necks extended through the grate and ended just above the ground. The remains of these strange bottles were found all over the site. Workers had even used spent bottles to build their huts. Inside the bottles were the remains of a mixture of slag, fine charcoal and a little salt. 

The metal masters of old India had clearly used the bottles for zinc smelting. The bottles were filled with zinc oxide ash, rice husks and salt and with their necks plugged with a reed, they were placed upside down in a furnace. As the temperature rose the husks burnt and gave off first carbon dioxide and then carbon monoxide. As the pressure built up in the bottle the reed burnt through and gases surged down the neck and into a bowl placed below the grate. The downward flowing gases quickly expelled the air in the bowl, and as the temperature in the bottle reached 950 degrees, zinc vapour escaped into bowl. The fire in the furnace sucked air under and in through the grate, and so kept the bowl cool. When the zinc vapor hit the cool bowl it condensed as solid metal. The zinc had no opportunity to burn in a bowl filled with carbon monoxide. When the furnace had cooled the zinc was recovered as thin flakes coating the inside of the bowl. A little salt in the mix helped to release the zinc and glazed the inside of the bottle so the precious vapor could not escape into the furnace. 

Indians may have abandoned the crude cementation process for making brass as long ago as the time of Alexander the Great. Zinc sometimes condenses in the flues of furnaces smelting other metals, and the metal masters of India supplied the ancient world with small quantities of metallic zinc. A thousand years ago the furnaces of Zawar were producing Zinc in industrial quantities. To make brass of the highest quality, a smith merely had to do was heat carefully measured quantities of copper and zinc in a crucible. All the zinc’s impurities had been left behind in the bottle. The resulting brass was pure and its properties could be accurately controlled. Extra zinc made the brass hard and easy to engrave. Reduce the proportion of zinc and the brass became soft, golden, and easy to work with a hammer. Adding lead gave the brass weight, and with small quantities of silver and gold and the alloy became the ‘five metals’ a glittering, corrosion resistant, brass, worthy to represent the cosmic dancer. With the fall of the Roman Empire and the rise of Islam, direct trade between India and Europe became virtually impossible. Is it any wonder if Medieval Europe, held at several removes from India believed that the sub-continent held the secret of the Philosopher’s Stone?

A voyage into the past, borne by sails full bellied with the life-giving monsoon winds to the mystic east, has brought us to the goal of the alchemists. The ultimate fount of wealth and cosmic wisdom is finally revealed as nothing more than metallic zinc; mundane, cheap, dull, gray zinc! Did the ancient scholars dedicate their lives to so unworthy a purpose?

By the beginning of the 18th century small quantities of metallic zinc were a laboratory curiosity in Europe. The first European patent for the ‘downward distillation of zinc in a reducing atmosphere', as the Indian process is technically called, was given in 1737, to a William Champion, Esquire, who promptly established a zinc smelter in his home town of Bristol. It is, no doubt, just coincidence that Bristol happened to be the home port of the trading fleet of the British East India Company, and that the mixture in Champion’s retorts contained a little salt. But, it was certainly no coincidence that the first western country industrially to manufacture pure zinc, and therefore high quality brass was eighteenth century Great Britain, the hugely pregnant motherland of the Industrial Revolution.

The century that followed was an heroic age. Men summoned powerful giants to be their obedient vassals. At their masters’ commands mighty machines sucked Earth’s richness from its eternal bosom. Forests were laid bare, rivers dammed and turned, pestilential swamps dried and mountains cleft in twain. Great vessels plied the oceans without the need of wind or sail, and as trade expanded cities grew and multiplied. Mighty beasts paced faster than a bird can fly across the continents on ways of steel. The ground shook at their coming, and a hot breath of steam and smoke marked their passing. Their bodies were of iron, there was fire in their bellies, and their nerves and veins were of brass.

Brass was the first industrial alloy. Once pure zinc was available in quantity, it could be incorporated into brass whose properties could be tailored to every purpose. Hard, high zinc, machine brasses could be worked with precision. They were ideal for the instruments of science and industrial valves and taps. Softer brasses became pipes and tubes carrying water and lubricants into the pulsating hearts of steam engines everywhere. Marine brasses that were non-magnetic and resisted corrosion protected the compasses, chronometers and engine room telegraphs of the great ships. Crushed between the flanges of iron pipes, soft brasses acted as shims and pressure tight gaskets. The nineteenth century is rightly called the age of steam; it could equally well be called the brazen age. When the barons of industry surveyed their smutty fiefdoms they could rightly boast “Where there’s muck, there’s brass!” In truth, brass was more valuable than gold, for without it there would have been no age of steam, and no industrial revolution.

A Victorian astronomical observatory is a showcase of the finest brass work. The shining telescopes, clocks, and transits were not built to delight the eye, but because only instrument brass had predictable physical properties and could be worked to the required precision. With their extended vision nineteenth century astronomers mapped the planets, discovered the asteroids, and uncloaked a universe vast and ancient. 

Armed with brass theodolites and transits surveyors accurately charted the continents of this planet. Following their tracks, medical explorers penetrated the jungles of the tropics to waylay the ancestral scourges of mankind. Only the finest brasses could withstand the corrupt atmospheres that greeted the missionaries of civilization. The invisible slayers of countless millions were trapped by the microscope’s unerring gaze, and stripped of their power to kill. Man’s cities had always been cesspits of disease, but now great engines flushed the stinking effluvia to the sea. For millennia, urgent news had traveled at the speed of a galloping horse. Suddenly words flew at lightening speed tapped from the brass keys of the telegraph operator. 

Populations grew, wealth doubled and redoubled as life times extended. The ancient quest was true! In the hands of the wonder workers of our age, the scientist and the engineer, zinc has more than fulfilled the alchemist’s dreams. Our cosmic vision is far wider than greatest imagining of the ancients. The application of brass to industry made a few individuals richer than the wildest dreams of a medieval despot, and it brought long life, health and prosperity to billions. 

As the first industrial alloy brass showed how to make materials, stronger, tougher and lighter than any found in nature. Today those alloys cast their guiding spell of power over our civilization, for what is a transistor but an alloy that can rhyme and sing? Unassuming it may be, but zinc is worthy to be the Philosopher’s Stone of legend.

The only puzzle that now remains is why the alchemists of Europe did not discover its secret for themselves? They had the same materials and tools as their Indian counterparts, and were certainly no less diligent. Probably they were using the wrong fuel. Trees were abundant in northern Europe and the most popular fuel was charcoal. Charcoal is an excellent smokeless fuel that burns fiercely. But hardwood charcoal is heavy and slow to ignite. It burns away slowly and so the temperatures in a charcoal furnace are difficult to control.

When zinc is smelted the vapor has to be forced down by pressure from inside the inverted clay bottles. Those bottles have to be thin so that the mixture of zinc oxide and rice husks inside will heat quickly. Yet the fuel piled inside the furnace rests on top of the bottles and must not crush them, so the fuel has to be light. Successful zinc smelting demands a stable and exact temperature in a furnace that would be difficult to achieve using charcoal. 

The famous sacred cows are familiar to any visitor to modern India. In English the phrase ‘sacred cow’ is often used as insult, but when sacred texts of Hinduism were first written the cow was the foundation of Indian civilization. The cow turned grass and leaves into life-giving milk, nutritious butter and sacred ghee. After death their hides became leather, shoes and belts. The ox was the main means of transportation. The heavy draft horse is a very recent invention. The ox may have been slow, but it was easy to yoke and could thrive on trash that horse could not begin to digest. And as a final bounty, mother cow gave heat.

 Two thousand years ago the plains of India had already been largely stripped of their forests. Fuel wood was scarce and expensive. The Indian villager instead followed mother cow, and collected her droppings. Dried cow dung is an excellent fuel. It is light. It burns fiercely and cleanly. It was the ideal fuel to stoke the furnaces of Zawar. Heated by burning dung the temperature would rise quickly and the propellant gasses had no time to leak away before they drove the zinc into the awaiting bowls. Cow dung was light and could be piled on the bottles without breaking them, and as it burnt swiftly away more or less fuel could be added to stabilize the temperature of the reaction. 

It is an irony typical of history that, as the alchemists of old Europe labored in their mean accommodations high above the market’s noisome churn of mud, blood, filth and excrement, the secret for which they so diligently sort, was lying under their noses all the time!

Think of the real Philosopher’s Stone the next time you go shopping for some two bit galvanized, in other words, zinc plated, plumbing fitting. If the siren scent of Java entices you away to the mega-book store, there to be entranced by shelves filled with sagas of witchcraft, wizardry and spells, remember the secret of that Stone’s scientific magic. 

IT’S A LOAD OF BULLSHIT!






THE END

