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  United States of the Elements – USE




  

    At the beginning there was a big bang, which generated the Hydrogen


    and little Helium, that is true, was in this early stardust brew.


    Some dust condensed by gravity and stars appeared with density


    just high enough for the ignition of nuclear fusion with the provision


    for many more new elements, but these were not the final ends!




    The heavy ones had still to wait for supernovae, which came late


    as star explosions, an event, which is considered as the end


    of all the element creation, we only miss still the equation


    explaining how the numbers came to fit all this! This is the game!




    With all the elements now here, some order makes this world more clear.


    Wise man produced a Periodic Table with 8 Main Groups which do enable


    to show some common properties in 8 columns, but there are these


    remaining elements between with 10 at first and then 14,


    Transition Metals, 3 rows of 10, and Lanthanoides, with 14 then.


    The Actinoides, we will not need, they are unstable, well indeed! -


    And still more order is present, if you look carefully at the end!




    You can first see right on the top the Hydrogen and if you stop,


    you see for Helium a slit just wide enough to give a fit


    for the Rare Gases as column on top with our Helium.


    The other columns broad and wide include the Main Groups not so tide


    as all the lower sections squeezed between for the Transition Metals in this scheme.


    And in the column number 3 the Rare Earth Metals you can see.


    The chemists now look for reactions. The physicists see other actions!




    They change the temperature and pressure and keep in mind, they have to measure


    the properties in all these states and some results lead to debates


    before one reaches the consensus on these results, which are immense


    in these domains, which reach as far, as the interior of some star!




    Much more ideas have been cast into this figure, but at last


    a book can only give to you for this artwork the final clue!


  




  A New World to Explore




  Inspiration




  It was a beautiful fall day, warm and dry. The foliage was just beginning to show signs of its expected annual splendor. There was little remaining evidence of the tremendous storm that had occurred the previous spring, downing trees and ripping the shingles off of many of the campus buildings. An exception was the lower trunk of a large tree that had stood in the front yard of one of the professor’s homes on Faculty Row at Wissen University. The wind had apparently broken the tree off some distance above the ground and, instead of having the arborists completely remove the trunk and stump, the owner of the property had asked the specialists to cut the trunk straight off at a height of about six feet. The naked tree trunk had stood for months like a sentinel in the front yard of the home, as if it were guarding the property from passersby.




  On this particular day, two potential invaders of the tree’s domain came strolling along the sidewalk only meters from the tree’s position. Actually, they posed little threat to the tree trunk or to the man standing on a stepladder next to it, wielding a large pair of calipers and a meter stick. Only a short while earlier, the man had stripped the bark from unsuspecting stump and laid bare its core, now gleaming in the late afternoon sun. To the approaching pedestrians, the man appeared to be making measurements of the tree’s girth at various heights. He paused frequently to record his results in a small notebook that he kept in the rear pocket of his strangely formal-looking “work clothes.” He did not appear to be the typical tree surgeon and there was no elaborately stenciled truck nearby to indicate that he might be. He paid no attention to the approaching strangers and, in fact, was completely unaware of their arrival. He did not notice as one of the intruders spoke to the other in subdued tones.




  “That is Professor Wood,” Marie said to Helen. “I think he is a Physics professor.”




  Marie had struggled to recall his name from the new-student-week lectures in the engineering auditorium a month or so ago. “What an appropriate name for his current activity!”




  Helen had attended similar introductory presentations but in a lecture hall on the Liberal Arts quad of the university. She passed the scene without an immediate reply to her friend. She had had a strenuous afternoon of classes and was anxious to get back to the dorm and some mental decompression. Like Marie, she had passed the stalwart stump many times during their first weeks on campus, but had failed to take note of its unusual height.




  The two of them walked in silence for half a block, before Helen asked Marie, “What do you suppose Professor Wood was doing with the ladder and calipers at that stump back there?”




  Unlike Marie, who was considering majoring in Physics or possibly Materials Science, Helen was more oriented towards liberal arts, in general. She was thinking about possibly majoring in Philosophy with a minor in Secondary Education. She had chosen an introductory course, “The Philosophy of Ancient Greeks and Romans,” as her first-semester elective. Her interest in tree stumps was more poetic than practical. The calipers and meter stick were inconsistent with her view of the natural life-cycle of the forest. She viewed logging, for instance, as a necessary evil foisted upon the world’s flora by the ever-encroaching flow of humanity.




  But Marie was nominally enrolled in the College of Engineering and was taking the mandatory "Introduction to Engineering" course along with a course in “Physics for Engineers and Scientists.” Marie considered Helen’s question for a few moments before responding.




  “It looked like he was taking exact measurements of the amount of material available to him. Maybe he has belatedly decided to get rid of the stump. But he probably could have estimated the weight or volume of the log he wanted to move without using the calipers. I’m thinking he might be contemplating a sculpture or some kind of a signpost.”




  “Maybe a bust of Einstein, or a totem pole of famous Noble prizewinners in physics, ” Helen suggested. She laughed as the two continued toward the dormitory complex.




  A week passed before Marie and Helen were again walking along Faculty Row. A lot had happened to the stump in Professor Wood’s front yard. He still had the calipers and the meter stick near him on scaffolding he had built around the trunk but was carefully at work with a chain saw. He had already produced a roughly conical shape along the whole height of the form. The top of the column had an interesting recurved shape that reminded Marie of a cap for a garden gnome, but an unusually tall one!




  “So much for the idea of a bust of Einstein,” Marie teased her friend. “It looks more like he is at work sculpting one of the ‘cone-heads’ from Saturday Night Live than any physicist I have ever seen.”




  “Let’s ask him which one!” Helen proposed with considerable glee.




  Marie considered the possibility that she might have Professor Wood for one of her physics classes next year. “I don’t think that is such a hot idea,” she said.




  “Oh, come on,” Helen insisted. “It can’t hurt to ask. He’ll probably be flattered that we even noticed the progress that he has made.”




  Before Marie could offer further objections, Helen waved her arm in the direction of the sculptor and yelled out, “Hey, Professor! What’s happening?”




  The professor turned with a quizzical look, lifted his safety goggles and peered over the top of his spectacles. “Do I know you?” he asked.




  “No, my name is Helen Miller. I am a freshman in Liberal Arts at the university.” “Liberal Arts? How do you know me?”




  The professor had stepped down from the scaffold, placed his tools carefully on the tarpaulin that he had spread out at the foot of the stump. He strolled cautiously in the direction of the students.




  “William Wood,” he offered, extending a hand.




  “My friend is in the College of Engineering.” Helen answered. “She recognized you from the new student orientation week.”




  Helen shook the professor’s hand. “Marie Willert,” Marie said, somewhat sheepishly offering her own hand toward the professor.




  “I am always pleased to meet members of the freshman class. I have not taught a freshman class for quite some time,” the professor said with a welcoming smile.




  “We were wondering whose likeness you seem to be sculpting,” Helen continued.




  “Oh, it is not that kind of a sculpture,” Professor Wood explained. “I call it United States of the Elements.”




  Helen and Marie returned blank stares.




  “Let me show you the screenshot of the model that I have made on my computer,” said the professor, briefly turning away from the students to pick up a computer printout that they had not previously noticed laying behind the stump (Figure 1).




  The screenshot of the model looked like a winding staircase and, had it been made of tool steel, might have served as a router bit except that it was only approximately symmetric. The teeth of the bit might have been used to shape an elaborate edge to a table top or some other baroque piece of furniture – but the teeth were not all of the same shape and size. Moreover, the teeth spiraled along the vertical axis rather than describing concentric circles.
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  Figure 1. Prototype of the United States of the Elements




  Helen and Marie were still at a loss for words. “Did you also carve this model?” Helen wanted to know.




  “No,” the professor explained. “I only produced this illustration on my desktop. But later I was able to use the same software with a machine called a three-dimensional printer that built up the solid structure from special plastic, one very thin layer upon the others. After that, I used the machine to produce a three-dimensional model made of titanium powder, again one layer upon the other. I can show you that model some other time.”




  Marie wondered to herself what kind of a program might have been used to describe such a complex structure and what kind of programming language the professor might have used.




  The professor continued, “The statue that I am trying to reproduce here will actually be a three-dimensional chart of the elements, but it will display more information than the usual two-dimensional variety.”




  “Do you mean the usual two-dimensional chart of the elements that hangs in every chemistry lab?” Marie blurted out without thinking and then blushed with embarrassment.




  “That very one,” the professor assured her with a comforting nod.




  Helen broke the awkward moment of silence, “We certainly had not guessed anything like that!”




  “I’m sure you hadn’t.” The professor continued to be supportive of the students’ curiosity. “Stop by my office in the Physics Building some day and I’ll explain more about it. My office hours are posted on the Faculty page of the university website.”




  Professor Wood changed the subject. “Is there a specific ‘liberal art’ that has captured your interest, Helen?”




  “I’m thinking about majoring in Philosophy,” she replied, relieved not to have been called upon to remember anything more about the chart of the elements than its dominating presence in her high-school chemistry class room.




  Helen had taken an advanced chemistry course as a senior in high school, primarily with the goal of earning the college credit that would preclude her having to take a lab science once she actually got into an undergraduate college program. She had done well in the course and the university had indeed accepted her credits toward a degree in liberal arts. But Helen would be hard pressed to say that she had really enjoyed the experience. She had frequently found the concepts difficult to grasp and she had to rely more often than she would like to admit upon sheer memorization to get the score she wanted on a quiz or a test. The laboratory had been even more of a struggle for her. She was not particularly precise in her handling of physical objects and was prone to inadvertently contaminating her lab specimens.




  “Philosophy! Perfect!” the professor exclaimed. “We have a lot to talk about.”




  “Well, I certainly look forward that,” Helen said with a smile of false confidence, having no idea about where such a conversation might go. “I guess we should let you get back to your work.”




  “Yes,” agreed Marie quickly. “We also have to be on our way. It’s nice to have met you and thanks for clearing up our misconceptions about your sculpture.”




  “I sense that ‘clearing up’ is somewhat of an overstatement of what has transpired here today, but I want to re-enforce my invitation to the two of you to visit me on campus. Would it help to raise your curiosity if I said that I think of the philosophy underlying this model as modern alchemy?”




  The students look at each other and then back to the professor. They all exchanged nods of agreement and said their adieus. Helen and Marie continued on their way back to the dorm.




  “What do you think about that?” Helen asked her friend.




  “I guess I’m glad that you were so bold as to introduce yourself, but I am pretty confused about where all this is going. Are you really thinking that we should follow up with an office visit?”




  “Sure. I think it would be very rude not to – after all the effort he put forth to make us feel welcome.”




  The blooming of Alchemy




  Helen awoke unusually early the next morning. It was Wednesday and she had no classes until 11:00 a.m. On most Wednesday mornings, she caught up on any sleep she had missed during the early part of the week while preparing for a special homework assignment or major test. On this day, she found herself thinking about Professor Wood’s sculpting project. Clearly he had a well-defined prototype of the final product. But it would take a lot more work with the chainsaw or, more likely, a mallet and chisel to get from the smooth, reasonably symmetric column of wood that she had examined yesterday to the elaborate and detailed United States of the Elements that the much smaller model represented.




  She also thought about how excited the professor was when she mentioned that she was interested in Philosophy. Modern alchemy, the professor had said. What could he possibly have meant by that?




  Helen got out of bed and sat down at her computer. She entered the word alchemy into her search engine and chose the link to Wikipedia. She was immediately encouraged by the introductory references to Plato, Aristotle and other Greek philosophers that she had already encountered in her introductory philosophy course. Then she was intrigued by the notion that modern writers consider the practice of alchemy to have been comprised of two major divisions: one exoteric and the other esoteric.




  Author’s note: Words and phrases that appear as underlined blue text contain hidden hyperlinks to Wikipedia entries. Following these links in the electronic version of the text will provide helpful insights to the topics indicated.




  The article went on to explain that the exoteric, or external, aspects of alchemy are those that have led to the practical sciences of chemistry and physics today while the esoteric, or internal, aspects of alchemy are still of interest to today’s psychologists and philosophers. “Eureka,” Helen said to herself, grinning at her oblique reference to Archimedes. “There’s something for Marie and something for me! Maybe that is the ‘perfection’ that the professor alluded to when she told him that she was interested in philosophy.”




  As Helen read the article further, she noted that the two divisions of alchemy were highly intertwined in the middle ages, the way that the two snakes of the physicians’ caduceus are entwined around a single “message,” even today. The message, in the case of the caduceus, is represented by the staff of Mercury, the messenger of the Gods. Could the professor be suggesting that “modern alchemy” is reuniting the disciplines of science and philosophy that have been largely separate since the Renaissance?




  That evening Helen saw Marie in line at the cafeteria. Not wishing to appear to be cutting in ahead of others in line, she called out “Save me a seat at your table. I have something to discuss with you,” before taking her place at the end of the lane.




  Once they were settled with their meal, Helen began, “I've been reading up a bit on alchemy.”




  “Isn’t that all about trying to turn lead into gold,” Marie asked.




  “Well, it’s that – but also quite a bit more. The Wikipedia article talks about a search for perfection. For metals, perfection is gold. But for people, as you might expect, perfection is quite complicated. Of course, perfection for people includes immortality.




  The goals of alchemy include finding a preparation like the Philosopher’s Stone that can transform metals into gold.




  “But for people, the perfection would have to come from some kind of inner enlightenment,” Helen explained. “I checked out several other sites on the web. They all point to a combination of external and internal paths to perfection. The external one led to the development of apparatus and procedures that are reflected in the scientific method that came about during the Renaissance. Many historians give credit to Galileo for that. The internal one is more spiritual and is reflected in several forms of religion that are still practiced today. The writings of Hermes Trismegistus were mentioned in this context.”




  Marie was not sure she wanted to get into a heavy philosophical discussion right then. She needed to prepare for a test in physics the next day. A good grade on that test was about all the perfection she was hoping to achieve that week. “There was a footnote in my physics textbook that said that Isaac Newton had practiced alchemy long after he had written The Principia and proposed the Universal Law of Gravitation,” she said without responding directly to Helen’s remarks.




  “Yes!” Helen exclaimed. “Newton’s laws certainly achieved a high degree of universality and perfection compared with other models of the solar system at the time.”




  “They are still very useful today for most practical applications. One example might be the exam in mechanics that I have tomorrow,” Marie offered with a wry smile. “The concepts of inertia and the conservation of momentum must have seemed as mystical as some kind of Philosopher’s Stone to the early seventeenth-century scientists.”




  “Did the footnote in your physics textbook mention the spiritual aspects of Newton’s pursuit of alchemy?” Helen asked excitedly.




  “Not really, although someone in the class mentioned that Newton’s private notes, published after his death, showed he was critical of many dogmatic ideas of the Catholic Church – in addition to the one about Earth being the center of the universe, of course.” Marie had chosen a light meal and had eaten rapidly. “I really have to get back to prepare for the exam tomorrow. Perhaps we can continue this discussion tomorrow.”




  “Okay. Good luck on the exam!” Helen called after her as Marie rose from the table.




  The next afternoon, Marie was feeling good as she walked along Faculty Row on her way back to the dorm. She was confident that she had done well on the physics exam. The exam covered the first third of the course and was all about Newton’s three laws of motion. A body remains in the same state of motion unless acted upon by an external force. The concept of an object continuing to move indefinitely without any help from something or someone who “pushed” it was unimaginable to Newton’s predecessors. They were okay with the idea of having to apply a force to something to get it moving, but they could not envision the object continuing to move if the force were no longer in effect.




  The philosophy of mechanics prior to Newton was completely dominated by the practitioners’ experience with friction. They simply had not recognized friction to be a force of its own. They were even less able to imagine that the friction arose from a number of interactions between the surface of an object and the surface upon which the object was either at rest or moving. They could not imagine “force at a distance” with no direct contact between the “pusher” and the “pushee.” And they certainly did not understand that the object that was slowing down after having been pushed or pulled along a surface such as a paved road was pushing on the road just as hard as the road was pushing on it. The object would exert an equal and opposite force, as Newton described it, on the road. Likewise, the road would exert a force on the ground that would keep the road from moving with respect to the observer. In fact, the transfer of force from the road to the ground would have an immeasurably small effect on the rotation of earth itself. Marie comforted herself with the knowledge that whatever effect this force would have on the rotation of the ground would be just the opposite effect from the force that had been exerted on the road and earth a few moments earlier when the experimenter, or the horse or whatever, had accelerated the object and got it moving in the first place.




  “That old alchemist,” Marie mused to herself thinking of Newton in the light of her brief conversation with Helen the previous evening. “He was a pretty clever guy!”




  She passed Professor Wood’s sculpture. The professor was not at work on his carving that afternoon, but he had made some progress on it. He had marked the surface with a spiral of ink that matched what Marie could recall of the model. The professor must have spent quite a bit of time getting the dimensions exactly correct. The conical surface added an extra measure of complexity to the geometry of the problem.




  Marie’s exam had been confined to applications of Newton’s Laws in only two dimensions. She had been expected to compute the change in velocity of various things when forces were applied to them – all according to Newton’s Second Law of Motion. In one of the problems the sum of the forces turned out to be zero and the solution implied a state of static equilibrium. Marie smiled to herself as she continued on her way. She figured she could blow Helen away with that term!




  When she arrived back to her dorm room, Marie decided to do a little reading of her own on the subject of alchemy. She wanted to be a bit more prepared than she had been before her physics exam for a philosophical discussion with Helen at dinner time. She was not surprised to find that her interests aligned more with the exoteric path of ancient thought.




  Marie had been vaguely aware of the four “elements” that the ancient alchemists had identified: Earth, Water, Wind, and Fire. She had heard people refer to something as being a “quintessential” example of a class of similar concepts or objects, but she had never bothered to look up the definition of the word. She had never heard anyone use the word “quintessence” to describe a fifth, more basic – and in that sense more perfect – element. She found that the ancients literally regarded the “fifth essence,” or the fifth basic form of matter, to be the fundamental “stuff” from which the other four elements (and consequently, the whole world) could be formed. Marie was amazed by all that she found in the Wikipedia entry on alchemy and the other sites she visited.




  Using her smart phone, Marie carefully bookmarked the references she had found and downloaded a number of illustrations. Here was something to discuss with Helen!




  Helen had not yet arrived at the cafeteria when Marie had gone through the line and selected her food. She looked past the steam table of dubious-looking meats and overcooked vegetables to get a glimpse of the kitchen where several students, neatly clad in white chef’s jackets were fulfilling the obligations of their “meal jobs” by assisting the cooks in various ways. She watched as one of them brought a steaming tray of limp spinach through the wide, open door of the kitchen to replace the empty tray in front of her. She thought of the illustration of an alchemist’s “kitchen” that she had downloaded to show to Helen (Figure 2). She was not quite sure if she should be amused or horrified by the thoughts she was experiencing.
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  Figure 2. Alchemist kitchen around 1574 from the mine book by L. Ercker. Courtesy of the Kosmos-Verlag taken from: G. Kernstein, Entschleierung der Materie 1962, Franckh-Kosmos Verlag, Stuttgart)




  When Helen had arrived and taken a seat, Marie showed Helen the image. “I followed your lead and did some web surfing about alchemy,” Marie began. “I found myself more drawn to the exoteric aspects of the subject, of course. Take a look at this picture. I couldn’t help thinking about it as I passed through the cafeteria line.” Marie showed Helen an image from the collection that she had downloaded earlier.




  The two friends had a good laugh as they glanced back at the serving tables in the cafeteria.




  “So what all is going on in this picture?” Helen asked.




  “From what I read, the ancient alchemists were able to carry out the basic chemical processes that we used back in my regular high school chemistry course. For instance, you can image that they would have used this apparatus for boiling and evaporation, maybe even distillation,” Marie pointed to the collection of equipment the foreground of the drawing. We know that, as part of their search for the “elixir of life,” the ancients prepared many alcoholic liquids. Some of those have evolved into the fine cordial liqueurs that are still available today. So they must have understood condensation. Obviously, they knew about melting and freezing, at least for materials that are solids at room temperature – metals, for instance.”




  “I guess I never thought of hot metal as ‘freezing’ when it transitioned from a glowing hot liquid back to a solid. Do you suppose that the ancients were aware of sublimation and deposition?” Helen was secretly proud of herself for recalling the other two common phase transitions for matter that she had memorized for her high school advanced chemistry course.




  Only about half of the members of Helen’s chemistry class had known the term that scientists use to describe what happens when a solid changes directly to a gas without first becoming a liquid. The teacher had explained that although Alexander Fleming had discovered the medicinal benefits of penicillin in 1928, the antibiotic only became widely available after other researchers had figured out how to produce it in large quantities and to “freeze dry” Fleming’s liquid slurry into a solid that persisted in that form at room temperature. The teacher had mused that Fleming, as a Scotsman, should have known about freeze drying, or sublimation, from childhood. After all, the teacher explained, every Scottish housewife had hung her wash out to dry, even on days when the air temperature never got above the freezing point of water. The sheets first became stiff from the frozen water, but later were dry enough to bring inside because the frozen water had sublimed into the cold Scottish air.




  Of course both students were well aware that the process of deposition, or depositing individual atoms from a gas onto a cold substrate, is key to the manufacture of all the transistors and solid-state lasers that lie at the very heart of the myriad of electronic devices that practically define the life of the average teenager these days.




  “I guess if the alchemists lived north of the Alps, they would have known about sublimation according to your teacher, but it seems unlikely that any of them would have understood deposition,” Marie responded.




  The students examined the image carefully looking for examples of crushing, mixing, filtering or burning or any other procedure that they might have encountered in their chemistry lab, if not in their own kitchen at home.




  “I read where the ancient alchemists used special symbols to refer to the materials they were using as well as the processes that they applied to the materials,” Marie explained to Helen. “That was partly because all their prior knowledge had been recorded in Greek, Latin or Arabic or had been borrowed from some Indian or Oriental language. But it was also to preserve the mystical quality of their craft. Since they did not yet have a way to measure temperature, they also had symbols for instructions involving such things as hot water, weak glow, weak flame or hot embers.




  “To be sure, these processes enjoyed a long history and tradition throughout the middle ages,” Marie continued. “The metal-workers and forgers of the Bronze Age had mastered the technique of recovering copper from natural ores and alloying the copper with tin to make bronze. During the Iron Age these artisans were able to extract iron from various ores and had developed special techniques with secret rules for forging swords with well-tempered blades. Some of those blades have survived and are a source of wonder even today. Since they had no patent registration to protect their knowledge, the ancient metal workers were careful not to write down their rules and procedures in places where others could steal them. As a result, even the same forger did not always get the expected result. Thus, to have the work result in the desired goal, one had to call upon the gods or, in the worst case, may also have had to enter into a pact with the devil.”




  “And thus we return to the esoteric side of alchemy,” Helen concluded. “I recall a quote somewhere in the references that I was reading where one 18th century philosopher posed the question: When the Philosophers speak of gold and silver, from which they extract their matter, are we to suppose that they refer to the vulgar gold and silver? The answer was: By no means; vulgar silver and gold are dead, while those of the Philosophers are full of life. This is just another example how the two paths of alchemy were constantly intertwined.”




  “I have to concede that,” Marie acknowledged. “From what I read, the knowledge of the European alchemists came primarily from what the Europeans considered to be the pagan world of the Orient with foreign idols and heretical beliefs. The ancient Egyptians were early to develop a highly sophisticated art for smelting ores and refining the metal they recovered. Their art was guarded by the priests in the temples. Bronze and iron objects were often covered with gold. You may recall the task of Archimedes, who was asked to determine if a gold crown was solid gold or a cheaper metal that had been plated with gold. The early metal-workers also invented new, harder golden alloys. All these procedures were considered to be alchemy. At that time, mercury played a major role in metal-working because this liquid metal exhibited such unusual properties. It seemed somehow to be a combination of water and metal.”




  “But isn’t mercury still considered to be a special metal today?” Helen asked.




  “Yes, that's right,” Marie agreed. “But with the few metals known at the time of the alchemists, it played an especially important role. As was customary at the time, the newly discovered substances were often named after gods and their properties were compared to divine qualities. The properties of mercury were compared to the qualities of the god Mercury. Those of gold were compared to the sun, the Sun God, or with Jupiter, the supreme God. Silver was matched to Luna, the moon, who is considered to be sweet and feminine in the southern countries. The less refined copper was compared to Venus, iron to Mars, tin and lead to Jupiter and Saturn, and so on.




  “If one wanted to write down a particular procedure for the preparation of a specific alloy, it was advantageous to use abbreviations in these recipes and to encrypt them using the old mystical symbols.1 These special characters were understood only by the Adepts, the initiated practitioners of their art. They often deliberately used misleading names. Take a look at this image.” Marie went to the next image on her smart phone (Figure 3).




  “There is more to show you, but I have to go now. I have a lot of homework that I put off yesterday to study for the physics test. Let’s meet by the library again tomorrow for another stroll down Faculty Row. We can see what the professor has been up to. Maybe we will even find him at work on his sculpture. I’m actually excited about taking him up on his invitation to visit him on campus.”




  “Good, so am I. See you tomorrow,” Helen said as she gathered things and headed off to the tray-return belt.
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  Figure 3. A table of alchemical symbols from Basil Valentine’s Last Will and Testament, 16702




  The afternoon sun beamed down on Helen as she sat on the library steps waiting for Marie. The air was crisp and dry, a perfect autumn day. It was the kind of day that the people in the eastern part of the U.S. call “Indian Summer.” In this expression, the term Indian refers to the Native Americans who lived in the area before the arrival of the Europeans. Helen thought about the life style of the Native Americans. Did they also practice a form of alchemy? After all, much of the philosophy that formed the esoteric path of alchemy appears to have originated in China and India. Helen knew that the Native Americans had not come from India. But recent DNA analyses3 have confirmed that the earliest Americans had descended from populations in China and eastern Asia. On the other hand, that was thousands of years before the earliest recorded thoughts of alchemy in the western world. Was there anything that might be considered to be the Native American equivalent of medieval alchemy?




  Before she started college, Helen had visited Montezuma Castle on a family vacation trip to northern Arizona. Early Spanish explorers of the area had mistakenly associated the impressive cliff dwelling with the Aztec emperor of Mexico. Later research has attributed the design and construction of the “castle” to the Sinagua tribe. The structure was fully occupied between 1100 and 1400 A.D. Helen had been particularly struck by a timeline display in the modern museum on the site. It showed what was happening in Europe while the Sinagua were busy farming the area around Montezuma Castle. While the Americans were building with clay and making tools of bone and stone, the European’s were building the Cathedral of Notre Dame in Paris! Roger Bacon had sent his scholarly categorization of alchemy, his Opus Majus, to the Pope Clement IV in 1267. Clearly there was no link between formal exoteric alchemy and the scientific thoughts of the Sinagua.




  As she watched Marie walking toward her along the college “Quad,” Helen concluded that any direct connection between the philosophy and religion of the European alchemists and that of the Native Americans was quite unlikely. Still, she speculated, if there were any similarities they might be very fundamental to an understanding of human development and spirit. She made a note to herself to keep this thought in mind for a future paper that she might have to write in a more advanced Philosophy course.4




  “Hi, Helen,” Marie called out as she approached. “What a fantastic day!”




  “A day custom-made for us by Zeus and Hera themselves,” Helen responded, specifically referring to the Greek gods of the Sky and Air who were the head of all the other gods of weather, the so called Theoi Meteoroi. Helen was beginning to get quite wrapped up in this Greek Philosophy thing. She picked up her book-bag and the two of them set off in the direction of Faculty Row, both eagerly anticipating the progress that the professor might have made on his United States of the Elements.




  Their anticipation was rewarded by the sight of Professor Wood busily at work on his sculpture.




  “Hello, Professor,” Helen yelled out once she was within earshot of the site.




  The professor turned with a welcome smile toward the approaching students. He had made some noticeable progress in his work. The top two rows of the spiral were now clearly visible below the odd Moorish-looking cap at the top of the column. The professor had marked radial lines on the surface of the spiral and had chiseled off the outer edge of the top row, forming a rough representation of the irregular “teeth” that they both recalled from the illustration that Professor Wood had shown them earlier. The three-dimensional model itself stood on a small collapsible table near the main work. Two pairs of calipers lay on the table near the model.




  “Wow!” Marie exclaimed. “It’s coming right along.”





  “Well, thanks,” returned the professor, “but I still have a long way to go.”




  “Of course,” said Marie, as the students admired the work in detail. “I have a question,” she continued. “Why are the teeth not all the same? Some stick out further than the other and have different shapes to their upper surfaces.”




  “That’s because they are not actually teeth. Each tooth, as you call it, represents a different element of the periodic table.” He held up the model to show them. Actually, each of these segments is a three-dimensional representation of the effects of temperature and pressure on the element to which it corresponds.”




  That was too much for Helen. “Wait a minute,” she interjected. “Didn’t you say that the philosophy underlying the architecture was based upon alchemy? Marie and I have been reading up on alchemy so that we would have a better chance of understanding what you are doing. I don’t get the connection.”




  “Yes, I did use the word alchemy, modified by the adjective ‘modern’ – modern alchemy, I said. I hope I have not misled you too much. What have you learned about alchemy since I first met you?”




  Marie took this opportunity to jump into the conversation. “We learned that unlike the many elements you have in your model, the ancients recognized only four elements, Earth, Air, Fire, and Water. Their sculpture would have been a lot easier to carve,” she grinned.




  “I suppose so,” the professor agreed. “Actually, those four terms referred more to the fundamental characteristics of matter than to the basic chemicals we think of today. But it is true that the ancients thought of all physical materials as being composed of a combination of these four primary components. Have you seen any representation of an alchemist’s Table of the Elements?”




  “I have one here in my phone.” Marie reached into a pouch on her book bag and extracted the device. “How about this one?” She showed him the simplest of the pictures she had downloaded. (Figure 4) “I found it at the Alchemy Website,” she said.
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  Figure 4. The four elements of the ancient Greeks, plus the symbol for Materia Prima.




  “Very good!” the professor said approvingly. “In the symbolic language of the ancient Greeks, equilateral triangles had a very special meaning. The upright triangle was a symbol for male and for fire, the inverted triangle was used to represent the female "Triangle of Venus" and as a symbol of water. Both triangles superimposed result in the six-pointed star as a perfect union of these contrasting elements. This star was also viewed as a symbol of the original heavenly matter, the “Prima Materia.” If this symmetrical star enters our world, it breaks down into its earthly fragments, into the two pairs of opposites; into fire and water on the one hand and into air and earth on the other. The last two elements are shown here as triangles traversed by a horizontal line.




  “These symbols appear again and again in the world of alchemists. Other characters appear frequently that reveal much about the state of physical science at that time. A somewhat more complete view of this state appears as the frontispiece to a summary of scientific knowledge attributed to a 15th century German alchemist with the Latin name Basilius Valentinus. The work itself appears to have been a translation into German of an old Latin chemical treatise by Trithemii de Sponheim from the year 1482.”




  “I think that I may have downloaded that figure!” exclaimed Marie as she stroked the face of her smart phone. “Is this it?” (Figure 5)




  [image: img]




  Figure 5. The World of the alchemists from Basilius Valentinus




  “That’s it!” beamed the professor. “You can see how the symbols for male and female, the sun and the moon, have been inserted into the overlapping triangles in the center of the figure. There is also a larger triangle around the central one that contains the symbols for salt, sulfur and mercury.”




  “What are these words around the outside the triangle that includes the large triangle,” Helen wanted to know. “Are those Latin words? I recognize the word Principia, meaning principles.”




  “Actually, the other two are German words that complete the phrase, Die drei Principia, as we would write it today. It refers to the three principles that describe the way that naturally occurring materials have been formed. Salt, sulfur and mercury are examples of those principles. I see that someone has added the characterizations of the most common chemical bonds that we understand today. Was that you, Marie?”




  “Oh no,” Marie protested. “They were already there when I downloaded the figure from some website that I had found.”




  “Whoever that was might also been thinking of the connections between ancient and modern alchemy.” The professor glanced back at Helen. “Are you familiar with the differences between these three kinds of chemical bond and the way that these three substances exemplify them?”




  “I am,” Helen assured him. “I took an advanced chemistry course in high school.”




  The professor expressed his surprise at this. “I would say that was quite practical for a future student of Philosophy.”




  “It got me out of having to take a laboratory science here next year. Besides, I also want to prepare for a minor in secondary education and I figured it could come in handy.” Helen changed the subject. “While we are on the subject of Philosophy, it seems to me that this figure emphasizes the exoteric part of alchemy. Will your sculpture contain something of the esoteric part? Will it also represent some of the more spiritual ideas of the alchemists that have remained with us through the years?”




  The professor thought for a moment about Helen’s questions. “Certainly my research has centered on laboratory research and the scientific method,” he said. “But now that you mention it, the sculpture does have the form of spire. It has the appearance of a kind of ‘stairway to the stars,’ as the saying goes. You might say that it points to the sky, or the heavens, or to the infinity of space beyond them. Certainly, I have intended for it to be artistic, uplifting and inspirational to young people such as you and Marie. Perhaps there is more to this shape than I had originally intended.”




  Helen seemed satisfied with this response for the time being. She returned to the diagram on Marie’s smart phone. “What are these words just inside the outer edge of the figure?” She read clockwise, pronouncing each word distinctly and deliberately: “Sum, Cha, Os, and Confu. I recognize the Latin words for I am and bone. Does Cha mean tea in Latin like it does in Chinese? I am tea and bone? Basilius Valentinus might have been familiar with Chinese tea, but I doubt that he could have anticipated the recent CONFU or Conference on Fair Use of the internet that would take place hundreds of years later.”




  The professor laughed. “Let me help you out,” he said. “Suppose I group the four words into two – as in Confusum Chaos.” Does this suggest anything to you?”




  “Chaotic confusion?” Helen ventured. “Perhaps something like random things fused together?”




  The professor nodded. “That sounds about right. It refers to the formless matter that existed before the universe assumed the form that we recognize today, the surrounding chaos”




  “Before the Big Bang!” Marie exclaimed.




  “Let’s say ‘just after the Big Bang,’ according to more modern theories.” The professor went on to explain. “Actually, one way to read the illustration is to start at the outside and proceed toward the center. Out of formless matter, the universe became organized into four basic elements which combined according to three basic principles into the perfect union between woman and man.”




  Helen and Marie looked at each other and giggled. Not much about the union between woman and man was perfect in the movies and TV shows they had seen. Presumably that was also true in the Middle Ages. But then, it was the goal of the two entwined paths of alchemy to achieve perfection. The big question was how to get there. Is that what the professor’s stairway to the stars supposed to show: a spiraling path to perfection?




  Helen was about to ask the professor about that when he glanced at his watch and announced, “You’ll have to excuse me, ladies. I see that is time for me to go help prepare dinner for my wife and myself. You really should make an appointment to see me in the office. I can show you more about the information contained in the sculpture. There is a sign-up sheet on the door.”




  “I hope that your dinner is more perfect than ours is likely to be,” Helen said somewhat absent mindedly.




  Professor Wood gave her a quizzical look and bid them adieu. He turned to gather his tools and to place the model sculpture into a box that had been padded to receive it. Helen and Marie continued on their way to the dorm.




  As they walked, Helen told Marie about her interpretation of the spiral stairs on the model sculpture. “Do you think that the sculpture is supposed to be a path to heaven?”




  “I think that is unlikely,” Marie responded. “Remember that he told us that each step represents a specific element in the periodic table. The shape of the step has something to do with the physical properties of the element in its pure form. Plus, you would have to start at the bottom with the most complex elements and work your way up to the simplest one, ending with Hydrogen. Okay, maybe Hydrogen does represent a kind of simple perfection that the ancients never dreamed of. But why would he carve a cap on the top of the spire that separates the path from the cosmos?”




  Helen thought about the cap at the top of the model. It looked like a mushroom to her. She shuddered at her next thoughts: Hydrogen, mushroom. “Marie, what if the cap is supposed to be a mushroom cloud! What if the professor is showing us a short-cut to infinity via a nuclear disaster?”




  “Helen! Get a grip on yourself. The guy is a Professor of Physics, not a global terrorist!”




  “How can we be sure?” Helen asked with a wild-eyed look.




  “I’ll tell you what,” Marie said in a soothing tone. “I’ll sign us up for an office visit. Maybe you can think of a few questions to ask him that will put your mind at ease.”




  The next day, Marie went to the Physics Building on her way to her first class. She signed in for the first available office hour, late the following afternoon. As she headed for the exit to the Quad, she happened to see Professor Wood on his way into the building.




  “Have you signed up for an office hour?” the professor asked.




  “I have. I figured it was time. Helen thinks that you are planning to blow up the world”




  Professor Wood roared with laughter. “It is definitely time for an extended chat,” he agreed.




  Several other students on their way to physics classes turned to catch the usually serious-minded professor in such a jovial mood.




  Later that day, as Marie entered the cafeteria, Helen was just coming out.




  “Oh, by the way, I signed us up for Professor Wood’s office hour tomorrow afternoon! I almost forgot to tell you,” Marie said. “Let’s meet in front of the Library and go over to the Physics Building together.”




  “See you there!” Helen replied with a bright smile.




  The two young women met as planned the next afternoon and arrived punctually for their meeting in the professor’s office.




  The professor was smiling as he responded to their knock on the door. “Please come in. May I offer you some coffee or tea?”




  “Or maybe some confusum chaos,” Helen suggested testily.




  The professor chuckled at Helen’s expression. “Your friend here tells me that I may have misled you by possibly overstating the connection between my sculpture and alchemy. I suggest that we spend this meeting clearing up some of the confusion – by which I do not mean confusum chaos.”




  The professor offered a tray of assorted tea bags and K-cups of coffee, which the students respectfully declined.




  “Let me set aside the references to alchemy for a while,” the professor began apologetically. “I would like to offer you an alternative analogy to the form and




  purpose of my sculpture. Let me compare it to a globe, like the one here on my bookcase.




  “I sometimes think of my sculpture as providing an overview of the way matter is organized in much the same way that a globe of Earth shows where there is water, where there is land and how the different countries and cities of the world are laid out on the land masses.




  “Of course, if we want to know about a single country, we need more detailed maps, picture books or guides. Still, the globe gives us a high-level view of what is going on. We can see which countries fit together, which countries are in hot or cold zones and where to find mountains or deserts. It is important to know these things before we set out to explore the world!




  “My United States of the Elements shows a certain order for the chemical elements that we would need to know about if we would like to take a journey through the world of high pressure physics. Just as a globe identifies the different landscapes so that we can recognize where we are and where we are going, this three-dimensional figure can help us find our way in this new world of high pressure.”




  Helen interrupted with a surprising outburst, “Pressure! What’s that got to do with travel? What kind of pressure are we talking about here?”




  Marie tried to calm Helen down. “I just learned something about pressure in my physics class last month. We all use the word pressure to describe what we feel when someone pushes on our arm. Sometimes we use the word more abstractly to describe how we feel when we have a lot to do or when we have several assignments due on the same day. It turns out that in physics, the word pressure has a very specific meaning. It is defined as an amount of force divided by the area over which the force is directed. If you want to create a large amount of pressure over a large area, you will need a lot of force. But if you are only interested in a very small area, you can create the same amount of pressure with just a little force. You can feel the difference when I press on your arm with just my thumb instead of using my whole hand.”




  Helen reflected for a few moments on Marie’s explanation of the definition of physical pressure. Suddenly she recalled something that the professor had said when she first asked him about the sculpture. “I get that part, Marie. We also touched upon that definition of pressure as a thermodynamic variable in my advanced chemistry course. But now I am thinking about something that Professor Wood said earlier about the sculpture. Professor Wood said that his model is actually a three-dimensional representation of the periodic table, the chart of the elements. He told us that the model displays more information than the usual two-dimensional variety. What I don’t understand is why you need a globe to take a trip across the periodic table that hangs in the chemistry room.”




  “That is exactly what I told you,” said the professor. “I would say that the reason for having a three-dimensional chart of the elements is more or less the same reason that there is a globe in the geography room as well as a flat map of the world hanging on the wall. Magellan would have been in a lot of trouble sailing to the edge of the map if he hadn’t already seen a globe!”




  Helen remained more than a little perplexed. “I still don’t understand what pressure has to do with it,” she said. “The elements are still going to be the same elements whether there is pressure on them or not, aren’t they? We no longer believe that there is any hope of changing one element into another simply by applying external pressure to a specimen made up of a single type of atom. I’m guessing that the ancient alchemists also tried squeezing on lead to get it to change into gold – and we know that they were unsuccessful in those attempts.




  “From the little that I know of the atomic theory of matter, the forces inside the nucleus – the ones between the protons and neutrons that largely determine what element the atom represents – are very much larger than the forces that the atoms exert on each other or the forces those atoms are likely to experience in an ordinary college research lab. It’s hard for me to imagine that even modern alchemists can hope to achieve of those kinds of forces and pressures in a college laboratory. Am I right about that, Professor?”




  “Well, yes, you are absolutely correct, Helen,” the professor replied. “But I might add that we are able to apply significantly more pressure to materials these days in our college research lab than the alchemists were able to produce using the apparatus that appeared in the drawing of the Alchemist’s Kitchen (Figure 2) that Marie showed us on her phone. Not only are we able to apply more pressure to the materials, but with a little help from my Philosopher’s Stone here, we are able to extract information about the materials while they are being subjected to high pressure. So even if we are also not able to transmute lead into gold, we may be able to get one element to take on the appearance and some of the other characteristics of another element.”




  The professor picked up a strange-looking contraption from his desk. “I’ll explain more about this another time. But to continue the discussion about the relevance of pressure, we notice that at higher pressures the interaction among atoms does change as we apply more and more pressure. If I may go back to the analogy of a globe, I might compare the changes that we have been able to observe in materials to the way the continents change over time due to plate tectonics – or maybe the way politics and war change the shape of countries and the importance of certain cities. Maybe it is some of both. In any case, there are aspects of the way the elements respond to applied pressure that the alchemists would find to be very interesting.”




  Marie was anxious to rejoin the conversation. “Are you saying that the changes that some of the elements undergo in the presence of high pressure are such that those materials exhibit different physical properties? Does that mean that, even though one element does not actually become another, it might have the same physical properties under high pressure as has another element? And are you suggesting that your sculpture is somehow able to portray those similarities?”




  The professor’s eyes widened at this. Marie’s questions implied a level of perception that was rare among any of the students he had known – far less among first-year college students. He complimented her on her observations, both of which were right on the mark!




  “That is very close to what I was hoping that the sculpture would show,” he told her. “That, and a bit more. What I have tried also to capture is some of the significant trends and links that appear within groups of related elements. As I said earlier, the sculpture has much in common with the two-dimensional table of the elements. The way that certain groups of elements behave suggests an underlying principle that is common to that particular group. It’s a little like the way some games have hidden rules that are not visible for a simple spectator of the game. For the initiated player, these rules contribute to the charm of the game. When it comes to the chemical elements, the rules of nature act as lighthouses to help keep us on course.”




  “I guess that brings us back to the notion of maps, globes and travel,” Helen interposed. “Is that as far as your travel analogy goes? Your last statement is pretty ambiguous. Even modern day navigators no longer rely upon lighthouses.”




  The professor smiled. “There is another analogy that I like to make with regard to travel and global exploration,” he said. “The white spots on the globe today represent only uninhabited fields of ice that are well-defined and charted. In the past, the white areas corresponded to unexplored regions of the globe, but today there is no terra incognita, or unknown land, left anywhere on Earth. You can find satellite images of any place on Earth using Google Earth View! But, on my map there are still other worlds left to explore! The world of high pressure is full of examples. I think that, using different pictures and examples, I might be able to prepare you for a journey through my world of high pressure. You might even want to explore some of the terra incognita we encounter along the way.”




  Professor Wood thought that perhaps he had seen Marie stifle a yawn. “Are you sure that you would not like some coffee or tea?” he asked politely.




  This time, both students nodded in the affirmative. The professor excused himself to turn on his teapot and set out a mug for each of them. Helen and Marie exchanged glances as the professor placed a mug in front of each of them. The mugs had a peculiar design on them. The design was a “wrap around” of a smaller version of the colorful chart that hung behind the professor’s desk. Both of them had noticed the chart as soon as they had entered the room. It looked a little like the periodic table of elements that had been so much the focus of the conversation for the past half-hour, but the space dedicated to each element contained a blotch of different colors.




  A whistle from the teapot signaled the completion of the first step in the preparation of their refreshments. Again, the professor offered the mixed tray of teabags and condiments, plus an attractive plate of sugar cookies. After all, it was getting to be late afternoon!




  This time Marie broke the silence as a teabag sank beneath the surface of the water in her decorative mug. “May I infer, Professor, that the white spots on this mug (Figure 6), and those on the chart behind your desk, (Figure 7) correspond to the “uncharted territory” that is still left to be explored on the map of your world of high pressure?”
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  Figure 6. Professor Wood’s Coffee Mugs
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  Figure 7. The colorful world of elements under high pressure




  “You may, indeed!” Again the professor was amazed at how quickly Marie seemed to be able make connections between disjoint topics of conversation and the artifacts with which he had decorated his walls.




  “As you have noted, there are still a lot of places for young researchers to explore! I hope that you like my choice of colors.” The professor continued, “If you were to take a journey with me through the world of high pressure, we would use that chart behind my desk as a world map to keep us oriented.”
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