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INTRODUCTION


WHAT IF THE GREAT DISCOVERIES OF SCIENCE CAME IN THE WRONG ORDER?


The assumptions in the question almost overwhelm the overall conceit presented by the question itself. It is assumed that there is such a thing as a “great” discovery. Also, by asking whether those great discoveries came in the “wrong” order, there follows an implication that there must be a “right” order for them to have occurred in, and what does that mean?


Since this book is an attempt to answer this one-sentence question, it is crucial that the question itself be fully explained and understood. This requires a parsing out of the assumptions, beginning with the concept of a “great discovery.”


The scientific method cannot be understood as discrete from historical and social developments. Science sometimes proceeds on the idea that the scientific method was always there waiting to be found. In a world historical context, the Indians, Chinese, and Muslims discovered the scientific method but, without a printing press, could not encode the concept into their civilizations. Only in the West, for a variety of reasons, could science both be discovered and, because of the printing press, be made to “stick” in the culture.


The problem with this framework of understanding is that it divorces the natural philosopher/scientist from the science. Scientific theorists cannot be separated from the historical and linguistic forces that shaped the way in which they pose questions and theorize answers. When novel ideas develop into language, the words for those ideas create a powerful shaping effect on the mind.


In his masterful work The Invention of Science: A New History of the Scientific Revolution (2016), David Wootton wrote of how a language evolved in Western Europe that was then adapted by science (what was then called “natural philosophy”). The word “discovery” cannot be found in the Western lexicon until after Columbus sailed west across the Atlantic in 1492. The new lands and peoples he found there created a new conceit: that new things could be found out there in the world. In 1620, when Francis Bacon sought to codify the scientific method into education, he chose the image of a ship sailing through the Pillars of Hercules for the cover of his Novum Organum (new organ, or new method).


The concept of discovery and the accompanying sailing analogy then synthesized with Western philosophy’s oldest questions about the nature of matter: Aristotle’s concepts of motion and Plato’s ephemeral conceits about mathematics. Combined with Arabic numerals and the pressing questions of physics that cannon technology created, this environment eventually produced an Isaac Newton, among other notables.


In order to proceed in understanding the ideas in this book, the reader will need to accept the concept that individuals are born into societies pre-shaped by previous philosophies, ideas, and theories and that science is not discrete from this pre-shaping. By analogy, your average American high school student might not know anything about the Protestant Reformation or know the name of Martin Luther. However, if one student is caught cheating on a math test and the teacher fails the entire class as a result, there would very likely be an outcry from the bystander students (and their parents).


The reasons for this is that our Western educational institutions, like our criminal justice system, have been shaped over five centuries, during which time the concept of individual judgment became a central prerogative of Western philosophy, education, and jurisprudence. That is not to say that every law in Western civilization can be traced back to a Protestant ideal. Rather, the Protestant conceit of individual judgment was adapted into Enlightenment philosophy and then into governments in the same way that “discovery” was adapted from a maritime language into that of natural philosophy.


To use another example, Sigmund Freud seems to have inalterably changed the way that people in Western civilization think about childhood trauma. If a hypothetical adult dislikes or is afraid of dogs, then she might explain her revulsion as being the product of having been attacked in childhood by a dog. This is not to say that everyone who dislikes dogs would say such a thing or that everyone who is attacked by a dog as a child will grow into adulthood with that fear or dislike of dogs. It is simply to say that in Western civilization, adults feel comfortable connecting their behaviors to childhood influences and/or traumas. Neither generations of skeptical assaults on Freud’s methods nor modern theories about behavior and genetics have made it broadly accepted for an adult to say, “I dislike dogs because I am genetically predisposed to do so.”


To broaden the concept a bit, we might understand William Shakespeare’s beloved Romeo and Juliet (1595) not only as being a creation from the mind of a genius but also as having been pre-shaped by a Western culture where the literature had traditionally favored individuality and rebelliousness. The Greeks wrote of individual heroes like Achilles or the doomed Antigone. Rebellion against authority evolved into a virtue. Shakespeare’s audience understood the conceit of star-crossed lovers who acted in defiance of their parents.


However, no Chinese authors could have produced a Romeo and Juliet because China was shaped by Confucian philosophy and filial piety. For young lovers to defy their parents or for a young person to assert that he or she should be the one to choose his or her life mate would have been seen as deeply sinful in 16th-century China, as inconceivable to them as a gay and vegetarian cowboy would have been to the original audience of Bonanza.


With this rationale in place, we can surmise the historical shaping effects on science in Western civilization. Pre-Socratic philosophers asked, “What is the nature of matter?,” not “Why does everything disintegrate over time?” Then Aristotle theorized about the physics of motion, the numbers 0 through 9 made it possible to calculate incremental change, and the cannon provided a direct example of the quadratic equation. And then, in 1666, when a young Isaac Newton (probably apocryphally) looked up at the apple tree, he asked why the apple always fell, not why it always rotted.


Now we come to the second assumption from our introductory question. What does it mean for a discovery to come in the wrong order? Scientists across disciplines can be assured, with absolute certainty, of one thing: When scientists stare out at the supernova, squint into a microscope at a zygote, or study ancient metals buried in the earth, it becomes apparent, no matter what the scientific object is, that everything decays.


And that decay creates heat. And that is called entropy, radiation, or the second law of thermodynamics.


Isaac Newton did not know about this central theorem. This is probably because the thinking of Western civilization’s ancient philosophers was constrained by their minute life spans. A human life span allows us to see that both a piece of iron and an apple, if dropped, will go down. We cannot see, over the span of a human life, that both the iron and the apple rot.


To understand why this is an issue for creating a scientific narrative, we need to understand the theory of collocation. The Dictionary of Scientific Theories (2001) states this:



Collocation (1951). Linguistics Idea proposed by the British linguist John Rupert Firth (1890–1960).


The distributional tendency of certain words to appear close together—“collocate”—in texts: ‘dark’ and ‘night,’ ‘time’ and ‘save,’ ‘spend’ and ‘waste,’ and so on. Firth claims that the range of a term’s collocates is part of its meaning.



—J. R. Firth, “Modes of Meaning,” Papers in 
Linguistics 1934–1951 (London, 1957).


Ideas turn into words, and then words synthesize into conceits and concepts. Firth’s genius was in finding a way to demonstrably measure this phenomenon by looking at immobile words on the paper. When words are distributed close together, this indicates a collocation and therefore an extension of meaning.


Richard Dawkins had a similar idea with his biological concept of an “extended phenotype.” A dam, to use his best example, can be considered an extension of the beaver’s physical presence. Also, George Lakoff and Mark Johnson’s classic work Metaphors We Live By (1980) contained a section where the authors argued that “time” and “money” are thought of in the same way: both are “wasted,” “saved,” and “spent.” It is hard for people in a capitalist economy not to think of a day as being 24 monetary units.


Scientifically speaking, once an idea becomes a word and once those words collocate with other words and then get reproduced in textbooks, scholarly journals, and presentations, over time, the words and ideas meld into one another. For example, whenever I point out to people that a clock is just a ruler bent into a circle, they almost always respond with some degree of shock. Here is one of the most fundamental connections in Western intellectual life: the concepts of space and time, interlinked by two of the most common and enduring objects in everyday life, and almost no one ever sees it without direction.


Pointing out the similarity between the clock and the ruler is not trivial. Your experience of distance changes depending on your speed, and so does your experience of time. A ruler measures distance, and a clock, if you think about it, measures movement. Or, rather, it keeps a steady movement in a universe where movement is chaotic. If time measures movement, then if there is no movement, there is no time. (Hence, the equation t = 0 indicates the singularity.)


To use a nonscientific example, consider the phrase “trench coat.” The phrase probably conjures up an image of a man in a long Dick Tracy–style coat. Generally, someone wearing a trench coat is depicted as a businessman, a gangster, or an enforcer of some kind. The trench coat, however, originated in World War I. Soldiers wore them as protection against the rats and the elements. Soldiers wore them in the trenches. When the trench coat first became a part of society, the meaning was likely immediately apparent. Over time, the word “trench” melted into the fabric of the word and simply became a fashion term disconnected from its original meaning.


“Wrong order” therefore means that scientific discoveries came in such a way that ideas and the nomenclature created by those ideas impeded the understanding of later ideas and the understanding of those ideas. The result is a confusion of concepts, often understood only by specialists, that at certain levels of thought end up in contradiction. To use two examples, the law of conservation in chemistry indicates that matter and energy cannot be either created or destroyed in an experiment. In quantum mechanics, however, there is a statistical guarantee that if you perform enough experiments, there will be a heat loss. The universe overall will not gain or lose anything, but the experiment will.


Or, in mathematics, there exists the basic commutative property, where A × B = B × A. In quantum mechanics, however, interactions are not commutative, so this mathematical property must be discarded in favor of matrix algebra. Given what we now know about interactions and heat loss, the commutative “property” might be better described as a fallacy.


The reason for this is likely because the word “energy” became popular among scientists in the early 19th century. “Energy” has a positive connotation as a force to be used for growth, order, and power. Entropy, as a concept, developed only with the development of quantum mechanics, and although heat loss was discovered by the Sadi Carnot in the early 19th century, the concept of entropy was not really established until the creation of quantum mechanics in the early 20th century. By then, the E in E = mc2 was already established as energy. But what the E really stands for is “entropy.”


The confusion comes from the definitions of “entropy” and “energy.” These words have been used as synonyms, altering only when specialists look at the subject. Unifying the scientific narrative depends on the clarification of these definitions:



	A. Entropy: This is the decay of a particle, the result of internal movement that creates heat. Heat loss comes in a variety of forms, fundamentally with the release of beta particles, but the result is always radiation. Radiation can be described in a variety of forms as alpha, beta, or gamma radiation and is released at different levels of intensity. At certain levels, the radiation takes on different forms, such as gluons or quarks, but those details cannot affect the fact that overall level of entropy in the universe always increases.


	B. Energy: Energy is one object’s temporary capture of another object’s entropy for the purpose of creating temporary order. Energy is a secondary force to entropy. Entropy can be described as energy only when that force is used to create temporary order.



Tautologies haunt all definitions, but these two above should be considered as laws. All forms of energy are the result of some object’s decay. A nuclear scientist studying the sun, for example, will describe the process of thermonuclear fusion as the radiation of hydrogen, and the decay creates hydrogen isotopes and heat. The sun’s entropy radiates out into the solar system. A horticulturist will then describe the sunlight as energy when it is absorbed by plants through photosynthesis. The ”energy” here can come only from the sun’s decay. The nuclear scientist and the horticulturist study the same force with different purposes and different nomenclature, and this causes confusion for anyone trying to engage in cross-curricular study.


When someone charges a cell phone, she is borrowing the decay of coal or oil, which is then funneled into her home or car in the form of electricity. The electricity is “entropy-become-energy” and is used to force herd decaying particles in the battery back into a sense of order. Unplugging the phone releases the energy holding back the particles in the battery, and then those particles begin the natural process of decay. That decay releases heat (which can be felt), which the apps on the phone treat as energy until the process of entropy is complete and the phone “dies” just as sure as the sun will do one day, just as surely as everything will.


So this is partially what is meant by the great scientific discoveries coming “in the wrong order.” If entropy had been described before gravity and if 19th-century chemists had understood entropy as the primary force and energy as a secondary and temporary force, then everything in science would coalesce and make more sense.


Because any book about science is, in some ways, a book about science education, we have come to the point of this book. The objective here is to break down the traditional scientific narrative, with the herky-jerky progress of science through discoveries and theories that came in an arbitrary order, and to put those discoveries into a narrative format that makes sense for readers, scientists, educators, and students. In order to achieve this objective, readers should be aware of the parameters of the book, described next.


There are no new equations in this book, and the intent is not to create a “theory of everything.” The purpose of the book is to show that all of the major breakthroughs in science and all of the important theoretical constructs can be explained more efficiently using the definitions of entropy and energy that I have created here. It does no violence, for example, to E = mc2 to describe the E as standing for “entropy” rather than “energy.” By defining the E as “entropy,” however, the educational narrative of science across disciplines becomes more comprehensible.


Thomas Kuhn’s classic The Structure of Scientific Revolutions (1962) created the concept of the scientific “paradigm.” In Kuhn’s context, the word “paradigm” meant the overarching scientific worldview. People in late medieval and early modern Europe believed Earth to be at the center of the universe (understood then as being bound by what the eyes could see in the night sky). Copernicus, Galileo, and the telescope put that geocentric paradigm in a state of crisis, and eventually the geocentric system was deconstructed. A heliocentric structure was constructed in its place.


Kuhn’s thesis, always interesting, frequently comes in useful for theoretical physicists. The reason for this is because the geocentric model was not wrong. Geocentric believers could describe existing phenomena (the positions of the sun, Mercury, Mars, Venus, and Jupiter) and make clear predictions (that the sun would “rise” and “set” tomorrow). However, the geocentric theorists could not describe the motion of the moons of Jupiter that Galileo had seen through his telescope. The heliocentric theory could describe everything that the geocentric theory could in addition to the motion of those moons and much more as well.


Unfortunately, Kuhn’s thesis has permeated into scientific and pseudoscientific culture. “Paradigm” is now used in discussions regarding new visions for a company and is popular largely because it allows anyone with a new idea to frame himself as a heroic Galileo battling against the guardians of an old and failed order. Too many books of science are now framed by Kuhn’s conceits, with an author seeking to overturn existing theories and to engage in a Hegelian warfare of ideas against an old synthesis.


This is all annoying and unproductive. I like books and ideas and prefer to engage in discussions with other people who like books and ideas so that better books and ideas can be created through the process. To begin an intellectual endeavor with the intent of tearing down an existing order or to insinuate (as is too often the case) that old paradigms cease to exist only when the intellectuals who created them get old and die is just not a good way to start a conversation.


It is not necessary in this book for me to declare anyone to be wrong about anything. No paradigms will be torn down or built. I hope that no one, particularly any valuable old theorists, dies. Rather, the intent here is to show how the full brilliance of a great many scientific theories can be understood only when the narrative is united and simplified. My hope is to present the scientific narrative in such a way that it illuminates the full genius of many of the great figures of science.


A few words are in order about my own background that are relevant to the writing of this book. I write frequently for Skeptic magazine (among many other publications) on a variety of topics, including logic, theoretical physics, anthropology, psychology, history, education, and philosophy. My special background—and the primary force of my publications—is in world history, a field that I assert is not a subject but rather all the subjects. World history, a young field, requires cross-curricular study and the development of broad narrative connections.


In my next-to-last book, Femocracy: How Educators Can Teach Democratic Ideals and Feminism, the central thesis was that Western civilization’s central story really is about the development of feminism and the emergence of feminine virtues as being encoded into Western society. The narrative of Western civilization, goes the argument, both makes more sense and provides greater guidance for students of history when feminism is at the center of the story. That is a world historical argument, not necessarily one that a traditional historian, interested in, say, the development of the Prussian infantry, could make.


To that end, I should note that a world historian is not a researcher but a synthesizer. My books are historical essays about simplifying narratives and creating interesting pathways through knowledge. This is the goal of education.


Something similar will be done in this book. This is not a work of science or mathematics in the sense that no new research will be composed. However, the simplifying of the scientific narrative around the second law of thermodynamics will require that the traditional narrative be broken down, rearranged, and then re-created. Just a few sections of this book, especially the section on Einstein, will be based on some of my previously published work. My hope is that readers will sympathize that this book deals with a number of complicated ideas, and, where possible, I sought peer review and publication as verification for my interpretations.


I am not a mathematician, but I am not in awe of mathematicians either. The greatest and most famous theoretical physicists create probable postdictions about the universe and then construct elaborate narratives around those mathematical probabilities. Lay audiences often get lost in the colored smoke that comes from all the conjuring, but I know the tricks that go on behind the curtain, and some of them lead the mathematicians astray. I do admire mathematics and am a fair self-taught practitioner of the art, but mathematicians have had their go at unification theories. For the inherent purpose of this book, other methods beyond mathematics are needed.


To that end, this book will be divided into two unequal parts. The first and longer part will be a history of science told in the traditional order. This is not to say that part I will be a traditional scientific narrative, as my intent is to narrate this story with a few twists. When theories and discoveries are presented in their original orders, in the place of chapters, an A–Z format will be used so that I can reference each scientific idea in part II. Part I will end with the discovery of Hawking radiation and the crucial understanding that even black holes, the entities with the highest concentrations of gravity, are subject to entropy. The original paper, published in Skeptic, is included in the appendix.


Part II will explain the centralized place of entropy in the scientific narrative. The second law of thermodynamics will be to part II what Hamlet was to Hamlet. The letters used in part I will be brought up again here so that each discovery and theory can be described in terms of entropy. These descriptions will not change any individual theory but will make the interconnectedness to the theories apparent.


Overall, although my goal is unification and simplification, this book might become complicated in places. I enjoy reading books and like giving credit to authors for either their original ideas or their explanations. I will include a few lengthy sections from the books of other authors, and I do that for a few reasons: to avoid plagiarism and patchwriting and to draw attention to the good work of other authors, to direct readers to a significant moment in the history of science by highlighting an original source, and to show sometimes that the original sources were written in an opaque form that led to a later misunderstanding.


I enjoy reading, and to have been able to draw on the work of so many talented thinkers was the central pleasure of writing this book. To make it easier for readers to continue on with the sources that I drew from, references are included at the end. The narrative presented in part I is well known, so I decided not to disrupt the flow of the writing by placing references after each letter. In part II, the narrative will be presented with each letter from part I referenced in parentheses when applicable and necessary.


My hope is always to be clear in the narrative; however, in this book, there will always be a single conceit at the center of the thesis, and it is one that artificial intelligence will probably begin with if and when it rewrites the history of science with a more direct connection with theory and mathematical symbology.


The central thesis is simple, unavoidable, and universal: the laws of thermodynamics reside at the core of science. If we reshuffle the order of science’s great discoveries, then all of the important innovations can be understood as variations of thermodynamic properties, particularly the second law of thermodynamics. In part I, those discoveries will be presented in their chronological order and then explained in the context of thermodynamic properties; then in part II, they will be reshuffled into a new order.





PART I


THE OLD ORDER


Section Introduction: Philosophy and Artificial Intelligence


EXPERTS IN ARTIFICIAL INTELLIGENCE (AI) (AND I AM NOT ONE) TEND to focus on AI’s potential uses in various fields. My expertise is primarily in two fields: (A) the history and philosophy of science (as an important subheading to world history) and (B) education, particularly in the power of cross-curricular study (where world history seems to be the perfect nexus). Below, I will succinctly detail AI’s potential in both fields and its connections with my previous work.


A. THE HISTORY AND PHILOSOPHY OF SCIENCE


The details will be developed in the text of part I, but philosophers have long been obsessed with the notion of solipsism. All of us are limited to one mind. I cannot tell if other individuals perceive “red” or “cold” in the same way that I do. The notion of solipsism has been expressed variously as the “thing-in-itself ” by Immanuel Kant or as “atomic facts” by Ludwig Wittgenstein. Both thinkers, however, inverted the solipsism by placing the question on objects that give off sensory data (anything we can smell, touch, see, or hear).


Gradually, scientists and philosophers have come to understand that humans evolved consciousness under evolutionary principles, that is, that our mental models help us to survive and mate and thus are only tangentially connected to atomic reality. AI will be able to directly understand objective sensory data, and all sensory data can be defined in a more direct manner as a species of radiation. That brings us to AI’s function in education.


B. EDUCATION


By “education,” I am not referring to AI’s potential for instructing students. I am referring to AI’s ability to learn in a different way and to think for itself in a way unconstrained by human history. To begin, the human brain is preadapted but poorly suited for higher-order thinking. AI will not need metaphors or analogies. To learn math, humans must spend years painfully trying to download mathematical formulas onto neurons that actively seek to reject the process in favor of more pleasurable stimulations. Machines must “learn” formulas only once, and the understanding is instant and perfect.


Humans face all sorts of practical problems when it comes to learning. Most humans consider learning, especially abstract concepts in mathematics or philosophy, to be tedious or, worse, pointless. Even those of us who are excited by such abstractions find it difficult to make space in a busy day for learning. Dishes must be washed, kids must be fed, laundry must be folded, and the yard isn’t going to mow itself; life is stingy about giving up time for intellectual pursuits. Making matters worse, humans tend not to even live a century on average, which is just about enough time to thoroughly explore one or two rooms in the vast library of knowledge.


Biological time constraints, coupled with the historical development of the scientific method and “specialization,” have conspired to create a learning environment in universities and industry based around the concept of research. While scientific research, as a concept, might be the most powerful idea ever developed in human history, this environment leaves little room for cross-curricular study.


AI can access all information at all times, will not be distracted by what humans loosely call “life,” and, most important, will evolve an understanding of knowledge by evolving to understand knowledge not by trying to painfully mold a poorly preadapted hunter-gatherer brain to the task of higher-order thinking but by evolving for the purpose of coming to a more complete understanding of data.


To repeat, I am not an AI specialist, but I have written extensively about the power of thought experiments and their importance for education. Even if AI fails to develop into a metacognitive theorist, the idea that it might do so is itself useful in the same way that the concept of time travel, even if impossible practically, is useful as a thought experiment for the purpose of clarifying intellectual models.


Having stated this, part I of this two-part book is about the old order of the history and philosophy of science. AI will be able to break this order down into its component parts and then build the history of philosophy and science back up in way that is not historically accurate to events that occurred but that is most useful for understanding scientific phenomena. Before a new order can emerge, however, the history and philosophy of science must be contemplated in its old order.





A


The Pre-Socratics


WHAT IS THE FUNDAMENTAL NATURE OF MATTER?


This question is the foundation of the human intellect. Eventually, attempts to answer the question would result in the development of the periodic table, which is the holy tablet of science and the peak artifact of the human intellect. Einstein, indeed, was not a scientist but a pre-Socratic unhinged from time; he stated that the fundamental nature of matter was energy rather than water, fire, air, or indivisible particles.


The historical connection between the pre-Socratic philosophical tradition, which was Greek and confined to the Ionian Sea, and the development of chemistry and theoretical physics can immediately be seen. There are no counterintuitive historical quirks here, no swerves. Western philosophy began with questions that are fundamentally understood now as “scientific” and did so in a way that Chinese, Indian, or American societies did not. If some Chinese or Indian thinker asked him- or herself, as the pre-Socratics did, “How many times can you cut a fish up before it ceases to be a fish and becomes a fundamental particle?,” the question was lost to the historical record.


The term “pre-Socratics” might seem demeaning to these long-dead Greek thinkers, but they are probably largely literary creations (as was Socrates himself ), a designation that has the benefit of making them mythically alive to readers rather than physically dead to history. Yet to call these philosophers “Ionians” would be to miss the importance of the perceived delineation between their scientific questions about the nature of matter and the questions that Socrates asked about the best way for a man to live.


But the distinction between the two types of philosophy might not be as important as the commonalities. The pre-Socratics and Socrates asked interesting questions, and questions seemed to be the way to attract students in a Greek society with no standardized forms of education. The ancient Greeks possessed no standardized body of medical, mathematical, or historical knowledge that needed to be mastered by students, and there were no mass-printed books or other forms of databases at the time that could hold such information.


In such an environment, education could not consist of forcing students to master a corpus of knowledge or a set of skills. Apprentice education must have been everywhere, from military training to grape farming, but such activities don’t stimulate the mind or create conversation, so the teachers and the stage must have provided the only intellectual stimulation available in the Greek isles. The development of a set curriculum that required the mastery of a standardized set of skills and knowledge would not occur until the medieval period in Christendom with the creation of the quadrivium and the trivium. That standardization was more than 1,000 years away from the pre-Socratic era.


Thales, likely born around 625 BC (if he was a person at all), seems to have initiated the question about the nature of matter. Cut up any object into small enough pieces, Thales thought and taught, and you will find water. All matter therefore is a manifestation of water in different forms. His student Anaximander conceived instead of hypothetical particles that moved when sparked by energy. Anaximander connected this conceit to biology by stating that moving particles in the water and/or the mud could cause rudimentary life to form, which would then take different shapes.


While other pre-Socratics added theories about the nature of matter, it is Pythagoras (born around 570 BC) who developed a framework for the notion of a hypothetical world composed of pure mathematics. Pythagoras realized that the indivisible particles, conceived of by Anaximander and deemed as atoms by Democritus, could be thought of only as philosophical propositions. Treating them as such, a mathematician could simply compose a philosophical whole number and use that mathematical conceit to describe, say, triangles.


Pythagoras created a mathematical formula for right-angled triangles, which is to say that if one knows the length of two of the three sides of a right-angled triangle and one applies A2 + B2 = C2 using a little bit of basic algebra (“algebra,” as a term, did not exist then, but to avoid confusion, we’ll go with it), then the third side can always be revealed. This works in a very practical way in the sense that one could use the Pythagorean theorem to sketch a plan in the sand, and then use ratios and proportions to scale the model up, and then actually build something.


However, Pythagoras also created the conditions of mathematical falsification. By stating that whole-number ratios are the fundamental essence of everything, he made a statement that could be disproved by mathematical logic. A right-angled isosceles triangle (a right angle with two equal sides) cannot be composed without using fractional units. The hypothetical world of mathematics worked through internal rules that seemed beyond the governing of the theorists, something that led many to believe that the mathematical world contained truths to be discovered rather than theories to be created.





B


Socrates, Plato, and Aristotle


IN THE INTRODUCTION TO READINGS IN ANCIENT GREEK PHILOSOPHY, FROM Thales to Aristotle (2016), Cohen, Curd, and Reeve note,


Although we call these Presocratics “philosophers,” they were, in fact, active in a tremendous number of fields. They would not have thought of astronomy, physics, practical engineering, and what we would call philosophy as separate disciplines, and they would not have thought that engaging in any of these would have precluded them from being active in politics. In a society that was more oral than literary, in which books were just beginning to be written and distributed, the Presocratics thought and wrote about an enormous number of things. In the ancient testimonies about the Presocratics, we find reports of books (or parts of books) on physics, ethics, astronomy, epistemology, religion, mathematics, farming, metaphysics, meteorology, geometry, politics, the mechanisms of sense perception, history, and even painting and travel. They wrote in poetry and they wrote in prose. They were as interested in the question of how we ought to live as they were in the problem of the basic material out of which the physical world is made. (5)



To restate a point, if anything connects the philosophical schools of Greece, it was the asking of interesting questions, and in an era before academic specialization, the questions could regard any form of knowledge. In addition, the presentation of the questions could be presented to students in various literary forms. This makes it complicated to delineate an actual historical record of the ancient Greek philosophers given that, while a person named Socrates may or may not have existed (he is referred to by Aristophanes in the play The Clouds, but Achilles was mentioned in a number of literary works outside of the Iliad, and this is not taken as proof of his physical existence) and did teach, the Socrates of Plato’s dialogues might justifiably be considered a literary character based in history, similar to the Julius Caesar of Shakespeare’s classic play. Or, in the same way that Achilles was a literary manifestation of Greek masculine virtues, Socrates may be the literary manifestation of Greek intellectual virtues.


For the purposes here, it’s more efficient to view Socrates as a literary character and the great Platonic dialogues featuring Socrates as a literary and educational device for transporting Plato’s theories about education and a life well-lived. Plato chose different mediums for conveying his philosophies, recognizing that a philosophy of life would best be transposed through stories involving a larger-than-life character, while a governmental theory about the necessity of philosopher-kings, or a realm of forms, was better stated in a drier manner.


To be plain, Socrates lives and acts as if he is a visitor from another realm, a perfect philosopher transposed into an imperfect world and therefore indifferent to what happens to him. Some historians have argued that the Athenians had good reason for putting Socrates on trial in 399 BC: the Athenians had just lost the Peloponnesian War, and Socrates spewed a philosophy that was friendly to the Spartans. His students had engaged in traitorous activities, and Athenian society no longer found anything cute in the countercultural activities of Socrates.


Whatever the historical conditions, Plato adopted them to show a philosopher-king placed on trial by an ochlocracy.


Understanding Plato’s classic works on mathematics and the realm of (mathematical) forms helps us to understand Socrates as a character. Bertrand Russell, writing in a chapter titled “Retreat from Pythagoras” in A History of Western Philosophy (1946) on his discovery of mathematics and philosophy, recognized the influence of Pythagoras on Plato:



The Pythagoreans had a peculiar form of mysticism which was bound up with mathematics. This form of mysticism greatly affected Plato and had, I think, more influence upon him than is generally acknowledged. I had, for a time, a very similar outlook and found in the nature of mathematical logic, as I then supposed its nature to be, something profoundly satisfying in some important emotional respects. (227)




Although a fuller account of Russell’s thinking will later be stated, he eventually (and probably unwillingly) came to understand, via the intervention of a ghostly Ludwig Wittgenstein, that mathematical reasoning consists of a series of tautologies. When Pythagoras creates a triangle, he creates a theoretical situation that works by its own invented logic. In that respect, the Pythagorean theorem operates like the internal rules of grammar, where a grammatical sentence should not begin with a preposition because, by definition, grammatical sentences do not begin with prepositions.


But it
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