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To all polymaths and autodidacts with a modicum of madness.
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PREFACE LEONARDO AND THE DEVIL


My first encounter with a transformative genius came early with Leonardo da Vinci. It consisted of seeing pictures of his two defining masterpieces, The Last Supper and the Mona Lisa, along with a quotation attributed to him: “The eyes are the windows to the soul.” At the time, I was eight years old and living with my parents in England, where my father was serving as a military attaché from Ankara to London. Even low-level diplomats were expected to entertain frequently; accordingly, my family rented a commodious townhouse that was previously the London home of Lord George Nathaniel Curzon (1859–1925), a onetime viceroy of India. The walls and staircases of the first two stories of the townhouse were covered with landscape paintings and old Curzon family portraits, many dating back to the eighteenth century. I would study them endlessly and make watercolor copies of the landscape paintings. But those portraits bothered me. They did not communicate with me. Clearly, they had no soul!

Then, a week or two before my ninth birthday, I experienced an epiphany. I realized the individuals in those portraits could not communicate because their pupils were opaque! With a hole punch my family had recently acquired, I stood on couches and chairs, and went around making perfect circular holes for the pupils in many of the portraits. I convinced myself that the subjects’ communication skills improved with their pupils now open. Within a short time, however, I forgot about my handiwork.

On my ninth birthday, I received a box of lead soldiers as a present. That very evening, my parents had several guests over for dinner—including one diplomat, my mother later described as “strange.” She remembered him as “… a dark-browed, squint-eyed man, glowing with a yellow pallor, who baffled everyone.” Upon entering our house, he had walked right past my father who had extended his hand to shake his, approached instead one of the portraits. “His eyes have holes in them!” he announced. Then, walking over to another portrait, and then another, each time repeating his words, and finally declaring victoriously, “You must have a son!” From my adolescent perspective, this diplomat was the Devil! Who else could have spotted the crime and identified the culprit that quickly! The following morning, my father, in fear and rage, dumped my new collection of lead soldiers into the incinerator. By the time the paintings were restored, the incinerator had also been replaced. It was an inglorious beginning to my career as an artist–scientist. Again, according to my mother’s recollection, the landlord was told of the near calamity but seemed unconcerned, saying, “Oh, those old paintings! Who cares about them!” I shudder to think how fortunate it was that the fabulously wealthy Curzon family did not own a Leonardo!

Leonardo is a member of an extremely rarefied breed of geniuses who far transcends ordinary genius. After that early encounter with him, I spent decades probing deeper and deeper into the lives, works, and psyche of that vapor-thin group.






PROLOGUE

Anyone who has seen Hamlet, listened to the magnificent Fifth Symphony, or gazed at the Mona Lisa might have wondered where the creators of these works got their ideas and how they executed them so well. Similarly, anyone who has watched a spacecraft rising from its launchpad on its way to a soft landing on an asteroid hurtling through space at 50,000 miles per hour, hundreds of millions of miles away, or questioned the origin and fate of our planet and universe might also have wondered how one applies established physical laws, let alone formulates the physical laws in the first place?

These achievements represent some of humanity’s greatest masterpieces. What inspires the rare but most creative members of our species to create, express, or discover? Are their brains wired differently from the rest of us? Do they have a set of unique traits or experiences that set them on the path to their special brand of genius? I am a theoretical physicist and artist. I’ve taught undergraduate and graduate physics and mathematics for forty-three years, and I have been drawing and painting since I was a child. Steeped in these two intellectual cultures during my entire life, I have always wondered about the sources of inspired creativity, soaring intelligence, and those immortal legacies created by the greatest of all geniuses.

“Genius” is a very big subject, ambiguous, subjective, divisive, difficult to define—and entirely overused. Different cultures and disciplines field their own agents for massive change, their own heroes they herald as geniuses. Here we focus on genius in two basic intellectual cultures—the arts and the sciences—traditionally seen as nonoverlapping and in which true genius is not difficult to define, nor so ambiguous and subjective. A useful analogy may lie in the nonoverlapping magisteria of religion and science, where they can be complementary without contradicting each other. But, as we shall see, a surprising convergence occurs in the magisteria of the arts and the sciences.

Beyond Genius: A Journey Through the Characteristics, and Legacies of the Transformative Minds reveals some of the surprising discoveries I’ve made in my lifelong quest. I admit that embracing the conditions identified in the book cannot make any of us another Leonardo or Einstein, but it cannot fail to make each of us more creative and productive than we would otherwise be.

Although different types of intelligence and creativity come into play in the cultures of the arts and sciences, striking similarities exist in the traits, attributes, and habits of their most excellent practitioners. The two books I wrote earlier on the “universal genius” Leonardo da Vinci,1 serve as a convenient starting point in understanding both the differences and similarities in the ways that genius works in the two separate cultures of art and science.

One of Einstein’s favorite philosophers, Arthur Schopenhauer, once offered a catchy definition of genius: “Talent hits a target no one else can hit; Genius hits a target no one else can see.” I begin with a simple model of genius—not as poetic as Schopenhauer’s, but somewhat more quantitative. Genius is the virtual mathematical product of intellectual acuity, expansive creativity, and timeless legacy. Although there is no precision in the factors here as there would be in a real mathematical product, a zero in one factor would still make the product zero. In any discussion of genius, one question is asked more than any other: “Is genius due to nature or nurture?” This can be dispelled quickly as a false dichotomy. Nature and nurture must both be active for genius to thrive.

Like all other human qualities, genius comes in degrees, from “ordinary” to “magician” to “transformative.” It knows no boundaries of religion, ethnicity, gender, age, handedness, or sexual orientation. Although, by the time I made that assertion, I realized I had to walk it back. Age does make a difference: genius in the mathematical sciences and lyric poetry usually occurs early in life, whereas genius in the writing of epic novels and in the social sciences much later. In our drafting ability, we all improve in the first nine or ten years of our lives, then nineteen of twenty of us begin to regress and rely on memory rather than on observation. That leaves only one of twenty, or five percent of the population, describable as possessing some artistic ability. That is also about the same age that we lose our ability to learn a foreign language at the level of a native tongue. As we shall see, handedness and sexual orientation do also appear to factor into genius.


LEVELS OF BRILLIANCE

As a professional scientist, I’ve listened to and addressed countless brilliant individuals in classes and seminars. Four of my students who graduated first in their class I regard as particularly memorable. One was a Moroccan student who worked as a short-order cook while maintaining a double major and a perfect grade point average. Another was a chain-smoking female single parent who had initially started her undergraduate studies at fifteen. She dropped out for three years, only to return and graduate with her original classmates on time and with a perfect GPA.

Among my students in theoretical physics at Oxford was a twenty-year-old who never took notes, concentrating instead with laser-like focus on the equations I was writing on the blackboard, and who, by the end of the lecture, appeared to know as much as I did about the subject. His attributes included a photographic memory and the ability to process and make instant connections.

A particularly precocious student I taught matriculated as an undergraduate at fourteen, triple-majored in physics, mathematics, and computer science, and finished a four-year degree in three years. When he took my third-year level nuclear physics class as a first-year student, curiously sitting at the same desk that his expectant mother had sat at fourteen years earlier, his unusual quickness left me wondering, “Could his prenatal exposure to the material have given him an advantage?”

Three of the four earned doctorates, one of them started a successful software firm, and another, the female student, received a commission as a naval officer and taught in Admiral Rickover’s Naval Nuclear Propulsion Program. They were all very, very smart! But none made a monumental contribution to any field, let alone went on to define a field or create an immortal legacy.

A Fields Medal in mathematics or a Nobel Prize in the sciences or literature can sometimes be regarded as a sufficient but not necessary condition to qualify as a genius. I regard the twenty-nine Nobel laureates I have met as genuinely brilliant, insightful, lucky (luck does count), and far more gifted than I am. Many of them are geniuses, but just “ordinary geniuses.” With ordinary geniuses, we might study and master their works and then sit back and muse, “I could have done that myself… if I had worked really, really hard and were many times smarter than I am,” as mathematician Mark Kac once reflected.

Ordinary geniuses follow the rugged topography of logic—down the slopes, across the valleys and streams, and back up the slopes—to reach the summit of their remarkable achievements. But two of the twenty-nine transcend the others and deserve the sobriquet “magician,” which biographer James Gleick invoked in describing Richard Feynman in his book Genius (Open Road Media, 2011). Feynman’s personal hero, the reclusive Paul Adrian Maurice Dirac, another magician, was the subject of Graham Farmelo’s book, The Strangest Man (Basic Books, 2011).

But the most rare and remarkable category of genius is “the transformative genius,” and the five exemplars in the book far transcend members of the other two categories.

Transformative geniuses rarely conform to any recognizable topography. They appear to leap from one summit to another, their creative efforts altogether redefining existing disciplines and often “unveiling entirely new universes,” a throwaway expression from the Caltech chemist Frances Arnold (Nobel Prize, 2018). Frequently, they are hard-pressed to explain how exactly they went about solving their problems. It is a combination of an insatiable curiosity, imagination, intuition, motivation, and intensity, often conjoined with surpassing intelligence, aversion to authority, and more than occasionally, a touch of lunacy. Ironically, either because we fully comprehend their works or realize we don’t have a prayer of comprehending them, we put these geniuses on special pedestals and create myths about them. Charlie Chaplin and Albert Einstein were two of the most recognizable and beloved celebrities of the twentieth century. Kindred spirits, they valued each other’s company. On one occasion (c. 1930), when they were recognized together in a crowd in downtown Los Angeles, applause broke out spontaneously. Einstein appeared puzzled but reflexively joined the comic genius in waving to the crowd. Chaplin leaned over and whispered to Einstein, “They’re cheering us both… you because nobody understands you, and me because everybody understands me.”

A glance at the book’s index reveals the names of several hundred men and women—writers, painters, architects, sculptors, composers, mathematicians, scientists, leaders, heroes, villains—most of them prominent, many of them highly creative, and some of them geniuses. Unobtrusively buried in the list are the names of a handful of magicians and transformative geniuses. A liberal list might include Hildegard (von Bingen), Dante, Leonardo, Michelangelo, Shakespeare, Rembrandt, Newton, Bach, Goethe, Mozart, Beethoven, Darwin, Pasteur, and Maxwell, bracketed in antiquity by Thales, Phidias, and Archimedes and in modern times by Einstein and Picasso.

The thrust of the book involves the systematic dissection of the lives, traits, habits, strengths, failings, and where possible the thought patterns of five individuals: Leonardo (1452–1519), Shakespeare (1564–1616), Newton (1642–1727), Beethoven (1770–1827) and Einstein (1879–1955)—two pure artists, two pure scientists, and one artist–scientist with a functionally symmetric mind straddling the two cultures. Each scaled the very summit of human achievement, producing works that include some of the defining masterpieces of our species, works so surpassing that when speaking of them, we rarely have to specify their creators. When we refer to Hamlet, everyone knows its author is Shakespeare; when we cite the Ninth, we are speaking of Beethoven; and with relativity, Einstein’s name does not need mentioning.

Incidentally, it is conventional practice to refer to four of the five geniuses by their last names, and one by his first. I follow the practice and refer to Leonardo da Vinci as simply Leonardo. This is also true for Michelangelo, his compatriot, archrival, and bête noire.

Why Leonardo and not Michelangelo, why Beethoven and not Bach or Mozart? To the question, “Who is the greatest artist in history?” we can still respond that Leonardo, the older of the two by twenty-three years, might be the greatest on Mondays, Wednesdays, and Fridays, as long as we add that Michelangelo would be the greatest on Tuesdays, Thursdays, and Saturdays. Although fewer than twenty paintings by Leonardo are known, he happens to be the creator of the two most famous works in the history of art. He represents a more compelling choice than his rival for bridging the cultures of the artist and the scientist.

Nor would we claim that Beethoven is necessarily superior to Bach or Mozart. Both Bach and Mozart composed hundreds of surpassing musical works that have endured for centuries. Bach composed over 1,100 pieces and Mozart well over 600 in a short lifetime of thirty-five years. Beethoven was not as prolific, but each of his compositions was so transformative that it belongs in a special category. Mozart, for example, could easily turn out three or four pieces of music before lunch on any given day. Yet Beethoven labored for four years over the monumental Fifth Symphony, adding and subtracting instruments, notes, and effects until he found the perfection he sought. It is a perfection that will last as long as civilization itself.

As the ultimate creator/rebel, Beethoven is unrivaled in transforming music so completely and in such a lasting manner. He was the universal composer who, more than anyone else, took music out of the hands of the nobility and made it accessible to the common man. He personifies the idea of triumph against adversity. His Ninth Symphony was performed at the toppling of the Berlin Wall, and it is performed at the opening ceremony of each of the Olympic Games. It is the official anthem of the European Union and was described by the recondite NPR radio host Martin Goldsmith as “the Anthem of the Human Race.”

For a book with as many legs as Beyond Genius, it is imperative to consult specialists. In my years of teaching, my style has always been to supplement the rigor of complex ideas, frequently involving mathematics, with the human side of doing science and the historical backdrop to its discoveries. Three of the five exemplars in the book—Leonardo, Newton, and Einstein—became familiar friends as fellow professionals. Of course, I still bounced ideas off my scientist and artist friends. The other two—Shakespeare and Beethoven—were the unrivaled stars of my avocations, my lifelong passion for great music and literature. With them, I dug much deeper, viewing their works through an interdisciplinary prism, and taught myself what one normally cannot learn in formal classes.

My choice of Beethoven was reinforced while on a visit to the Aspen Institute in December 2008. I had been invited to the celebrated think tank to give lectures on Leonardo at the Renaissance Festival. In one session, while I was speaking about the mathematical symmetries that informed Leonardo’s paintings, I noticed one of the participants in the workshop sitting in the back of the room, taking copious notes. Suddenly, he appeared excited. During a break in the lecture, he approached me and introduced himself as “Alan Fletcher: President and CEO of the Aspen Music Festival and School.” The Princeton and Julliard-educated composer-conductor had carried out original research on Beethoven with Lewis Lockwood, one of the great Beethoven scholars of our time and former president of the American Musicological Society. Fletcher explained that he had just discovered that the symmetries with which Leonardo had imbued his paintings were also in the repeats in Beethoven’s symphonies. It was an epiphany! Beethoven had only five years of formal schooling and could not even do ordinary arithmetic. He could not multiply twelve times twelve; he added twelve rows of twelves. But sophisticated symmetries found their way into his works subconsciously, intuitively. It came from a deeper place. Since the symmetries are associated with nature’s numbers, perhaps the composer was communing subconsciously with nature during his walks in the woods, receiving subliminal messages from the flowers and plants that surrounded him.

In 2015, Oxford Today, the university’s alumni quarterly, reported that Professor Peter Sleight, a cardiologist at the university’s Radcliff Hospital, had discovered that certain movements in Beethoven’s music could actually lower an individual’s blood pressure (as could a few movements in only two or three other composers’ works). This was again a subconscious, intuitive, and unintended effect in Beethoven’s music, nonetheless measurable and reproducible.

In the 1950s, Aaron Copland wrote a monograph, What to Look for in Music.2 In a section on models of creativity, he compared Beethoven and Tchaikovsky: “Any musician will tell you that Beethoven is the greater composer. Because music which always says the same thing to you [Tchaikovsky] will necessarily soon become dull music, but music whose meaning is slightly different with each hearing has a greater chance of remaining alive.” Fifteen years later, Leonard Bernstein, while delivering his famous lectures in the Norton Series at Harvard, expanded on this theme of open-endedness in a lecture entitled “The Delights and Dangers of Ambiguity.”3

It is the open-endedness in Beethoven’s music that helped to make it supreme. This may also be what makes Shakespeare’s writings supreme. The usual explanations given for the poet-playwright’s supremacy include his works’ characterization as “technically brilliant and endlessly verbally inventive,” “the largest vocabulary of any playwright,” and “dozens of words and expressions that found permanence in our vocabulary.”

Among dozens of excellent books about Shakespeare, it is Emma Smith’s This is Shakespeare (Patheon Books, 2019) that most closely resonated with my understanding of genius in the arts. Smith, a young professor of Shakespeare Studies at Oxford, spelled out the theme of her book:


Lots of what we trot out about Shakespeare and iambic pentameter and the divine right of kings and “Merrie England” and his enormous vocabulary blah blah blah is not true, and just not important. They are the critical equivalent of “dead-catting” in a meeting or negotiation (placing a dead cat on the table to divert attention from a more tricky or substantive issue). They deflect us from investigating the artistic and ideological implications of Shakespeare’s silences, inconsistencies, and, above all, the sheer and permissive gappiness of his drama.



Smith’s analysis of the plays demonstrates how porous, ambiguous, open-ended, unendingly gappy, and unexpectedly relevant they are in our time. She was effectively substantiating a conjecture about Shakespeare by a contemporary. In a dedicatory tribute to the First Folio (1623), poet Ben Jonson wrote, “He was not of an age but for all time.”

In May 2022, my family and I were about to visit London and made arrangements to attend a modern rendition of Julius Caesar in the Globe Theatre that had opened in 1997. The structure was very close to the actual site of the original Globe Theatre that had opened in 1599, with Shakespeare presiding over his play’s premiere. How relevant can a 423-year-old play, recounting an attempted insurrection that took place 2,065 years earlier on the distant Italian peninsula, be now? Searingly, terrifyingly relevant!

We live in unprecedented times. Political, social, and religious differences cast a heavy pall over most of the inhabited areas of the planet. The separation of church and state and the establishment of gender and racial equality, cherished reforms that serve as the underpinnings of a modern democratic society, are suddenly in peril. Lies have become truths, and truths, lies. In the United States, we witnessed an attempted insurrection on January 6, 2021—though others might say, “No such thing happened!”

As common meta tags to describe sentiments in ancient Rome of the first century B.C.E., those in Shakespeare’s world of the 1590s, and those in modern times, we can choose from scores of words: race, gender, class, violence, insurrection, democracy, autocracy, dictatorship, populist… As for why these emotionally packed words are so timeless, we do not have to look very far. The late Harvard evolutionary biologist E. O. Wilson once commiserated about the incongruities of the human condition, “We have Paleolithic emotions, medieval institutions, and god-like technology.” The last item, “god-like technology,” could have been a reference to the nuclear age, to the digital age, or more prophetically to artificial intelligence (AI).

The human condition changes very little, even as we develop more and more powerful technology. Shakespeare recognized the human condition that would be articulated by E. O. Wilson four centuries later and suffused his writings with it while leaving conclusions up to his readers. Historic and technological developments during Shakespeare’s writing years included the defeat of the Spanish Armada, the establishment of a permanent British settlement in Jamestown, Galileo’s invention of the astronomical telescope in Florence that allowed humans to gaze at extraterrestrial worlds, and Leeuwenhoek’s invention of the microscope in Holland that allowed humans to peer into the microscopic world of fleas, living tissue, and cells. Whether we could learn from history and not repeat our mistakes was left as an overarching question, one that is still very much alive and important for the survival of our species. The insurrectionists and the counterinsurrectionists in Julius Caesar are out to save their own vision of democracy, both discovering there are consequences to their actions. How much does resorting to violence solve our problems?

Sherwin Nuland, a Yale Medical School surgeon and fellow “Leonardista,” once wrote a generous blurb for my earlier book, Math and the Mona Lisa (Smithsonian, 2004). In his own monograph, Leonardo da Vinci (Lipper/Viking, 2000), Nuland had written about his experience engaging in a dialogue with the subject, Mona Lisa:


The smile is in itself Leonardo’s ultimate message to the ages: There is even more to me than you can ever capture; though I have spoken so intimately to you in my notebooks even as I have spoken to myself. I have kept final counsel only with the depths of my spirit and the inscrutable source that has made me possible; seek as you may, I will commune with you only so far; the rest is withheld, for it was my destiny to know things you will never know.4



This was also the message she whispered to me when I was nineteen and engaged her in an intimate dialogue. I stood four or five feet away from her for forty-five minutes in a room in the Louvre virtually devoid of other visitors. I imagined being able to hear the dulcimer sounds from the lyre player Leonardo had hired for the lady’s amusement.

Leonardo was equally obsessed with solving questions about the workings of nature (science) as he was with creating the most effective and powerful representations of people and nature in his paintings (art). He allowed himself to transcend barriers between art, science, and mathematics, seeing them all as part of the whole. On that basis, he carried out numerous scientific investigations while maintaining careful notes; sometimes the experiments failed, but he knew that this was the only way to make progress. This does not mean we cannot bemoan the near loss of The Last Supper (the mural had begun to peel within decades of its creation) and the total loss of The Battle of Anghiari (the paint running down the wall within days of its application). In both murals, instead of using the time-honored tempera technique, Leonardo was experimenting with oil paint on wet plaster.

Leonardo was an artist doing science and a scientist doing art. He saw patterns and numbers in nature, and his paintings reflected these patterns and numbers, apparently in the same way that Beethoven’s music reflected them. He once lobbied his patron, the strongman of Milan, Duke Sforza, to hire the mathematician–monk Luca Pacioli as a tutor for the Sforza children. (It is thought that his real motive in getting Pacioli hired was so he could learn formal mathematics from him.) Later, the two men collaborated in producing the book Divina Proportione, Pacioli providing the narrative, Leonardo, the illustrations. Like me, a distant disciple, he too had learned by collaborating with specialists and conflating different fields.

In 2002, to celebrate Leonardo’s 550th birthday, I teamed up with Thomas Somma, director of the University of Mary Washington’s Ridderhof Martin Gallery, and organized a special exhibition: Leonardo da Vinci: Artist, Scientist, Engineer. David Alan Brown, curator of Renaissance Art at the National Gallery of Art (NGA), was the guest curator for Leonardo’s artist side and I was the curator for his scientist-engineer side. With financial support from the state of Virginia, we procured twenty-four replicas of Leonardo’s inventions. A set was originally built in the late 1930s by Mussolini-era engineer Roberto Guatelli, destroyed in the aerial bombing in Tokyo in WWII, and subsequently rebuilt and maintained by IBM in upstate New York. After perusing hundreds of pages of facsimiles of Leonardo’s codices stored in NGA vaults, I also chose twenty-five drawings for the exhibition. One drawing (Folio 59b of Codex Atlanticus), though not as aesthetically pleasing as the others, resembled a ray diagram of light reflected from a convex spherical surface.

In a keynote lecture in 2005 at the International Conference on Management of Engineering and Technology in Portland, Oregon, I projected the ray diagram from Leonardo’s Codex Atlanticus Folio 59b. I speculated that it may have been Leonardo’s design for a reflecting telescope and suggested that someone should explore the possibility further. Among the participants in the meeting was André Buys from Pretoria, South Africa, a professor of nuclear engineering and an amateur telescope builder.5 Fascinated by the prospect, Buys accepted the challenge, spending the next two years digging deeper into Leonardo’s codices and replicating Leonardo’s telescope.

Among the pages of the Codex Atlanticus, Buys also discovered an even lesser-known Leonardo drawing. It depicted the face of the moon with a blurred circular ring visible at four o’clock: a minor crater. Los Alamos National Laboratory scientist G. Reeves used the drawing to determine the date and time of the particular lunar libration as the early evening of December 12, 1512. Invisible to the naked eye, the ring has been known in telescope-based astronomy as the Tycho Crater.

So compelling was Buys’s endeavor that the history of the astronomical telescope was pushed back a full century prior to Galileo’s refractor and 157 years prior to Newton’s reflector. I had been the inadvertent driver in establishing Leonardo’s provenance in the history of telescope-based astronomy.




CREATIONS IN ART—DISCOVERIES IN SCIENCE

Unlike the creative process in the arts, where the writer, composer, painter, or sculptor begins with a blank slate—score, canvas, or block of stone—the creative process in the sciences follows the prescription promulgated by Francis Bacon: observation, hypothesis, experimentation, conclusion, and publication. A resulting theory must be testable and provable. In their hypotheses, scientists are guided by established fundamental scientific principles and laws. And in their conclusions, their theories must be verifiable by experimentation and otherwise modified or discarded. Newton’s three laws, the law of universal gravitation for the attractive force between masses, Coulomb’s law for the attractive or repulsive force between charges, the laws of thermodynamics, the laws of electrodynamics, the theory of evolution, the theory of relativity, and quantum mechanics are among laws or theories that have been through the process.

Stratification defines the superstructure of the sciences. Physics, the most fundamental of the sciences, underlies chemistry; chemistry underlies the life sciences; the life sciences underly the social sciences. At the interfaces between these basic sciences exist a number of segue fields: physical chemistry, biochemistry, social biology. Ultimately, underlying the entire superstructure is pure mathematics, the nutrients of which rise upward through the strata by osmosis and capillary action and provide quantitative rigor and precision. However, although it is known as “The Queen of the Sciences,” two questions regarding the nature of mathematics remain unanswered: (1) whether mathematics is a messy sort of science or a purely human construct in the manner of a collection of tools created by the human brain (Newton, Leibniz, von Neumann, Einstein, Dirac, and Feynman are among scholars who would have lined up on the two different sides of this issue), and (2) why it works so effectively in describing nature? Short of communicating with extraterrestrial intelligent life or making progress with that “godlike technology” artificial intelligence, we may never be able to answer these questions.

Princeton’s Hungarian American Eugene Wigner (Nobel Prize, 1963) first applied the formalism of group theory, previously regarded as pure mathematics, to atomic physics in the 1930s. He saw it grow in subsequent decades into an indispensable tool in the arsenal of high-energy physicists, only to confess his bewilderment regarding “the unreasonable effectiveness of mathematics”: “The miracle of the appropriateness of the language of mathematics for the formulation of the laws of physics is a wonderful gift which we neither understand nor deserve.”6 Wigner became an admired older friend for me, a mentor with whom I discussed physics, creativity in the sciences, Newton, and his “admired older friend,” Albert Einstein. Wigner also spoke frequently of his own inspiring teacher, which, in turn, spurred me to write the section “The Parable of László Rátz and the Martians.” The book points out how important an inspiring teacher can be in instilling curiosity and passion to know.

As for the choice of the greatest scientist(s) in history, why Newton and Einstein and not Darwin, Pasteur, or Freud? As sentient creatures, we are more concerned with our own existence, our bodies and minds, our morality, and our spiritual growth than we are with inanimate nature—whether at the submicroscopic, human, or cosmic scale. The life and social sciences, located in the upper strata of the superstructure of science and responsible for explaining the body, brain, and mind, are on the whole more appealing to most people. But the nature of reality lies at its foundation, at the base level of physics, and revolutions there are more consequential than those in the upper strata. An unpoetic but concise definition of life is its nature as “self-replicating macromolecular systems.” As such, physics in its wider role must explain all matter—the motion of heavenly bodies, the morphing of inanimate molecules into animate, evolution, the functions of a brain that can figure it all out and write poetry and paint, though we are nowhere near that point yet.

Newton’s magnificent edifice, classical mechanics, was built on the assumption that the three dimensions of space are independent of the single dimension of time. Newton’s theory is mathematically rigorous, deterministic, and intuitive. Einstein, in his formulation of special relativity, integrated time into a four-dimensional space-time. At relativistic speeds; i.e., approaching the speed of light c, distances can be shown to contract but only in concert with time dilation, or the slowing down of time. Accordingly, identical twins in different inertial frames (traveling not together, but relative to each other) age at different rates. Special relativity further demonstrated the equivalence of energy and mass, expressed in the famous equation E = mc2. Einstein’s modifications made corrections to classical mechanics at relativistic speeds and effectively reinforced Newton’s edifice. It did not overturn it. For the cause of motion and resulting trajectories, Newton had introduced the notion of force. With general relativity, Einstein posited mass as the cause of the warping in the four-dimensional space-time fabric, which in turn determined trajectories. Einstein’s relativity represented a change in the fundamental paradigm of reality and, like Newton’s classical mechanics, it was mathematically rigorous and deterministic. But unlike Newtonian mechanics, it was counterintuitive.

That the nature of art and the nature of science are different is well known. Art is practiced subjectively, science objectively. Great art is porous, ambiguous, anthropocentric (human-centered), open-ended, and indeterministic. In distinction, great science is mathematically rigorous, universal, and strives for completeness and elimination of ambiguities. But what emerges in this book is that art and science display a commonality in the most successful area of fundamental science. As revealed in the Copenhagen interpretation of the Heisenberg Principle in the 1920s, quantum mechanics is mathematically rigorous, counterintuitive, and indeterministic. This represents yet another change in the fundamental paradigm of reality.

In critical tests proposed by Irish physicist John Stewart Bell in the 1960s, quantum mechanics was also seen to possess an anthropocentric nature in the manner of the arts. Accordingly, works in both cultures are observer-dependent, a conclusion Einstein was unwilling to accept for the sciences. As quantum mechanics gradually proved itself during his maturing years, Einstein came to see himself as a dinosaur, reconciling himself with the thought “Young revolutionaries are destined to become old reactionaries!” Yet his contributions have proved so seminal at scales of reality from the submicroscopic through the supra-macroscopic that his shadow has kept growing since his death in 1955. His relativity predicted the expansion of the universe, the implosion of massive stars into black holes, and the existence of massive black holes lurking in the centers of galaxies. His theories on the microscopic universe predicted the possibility of lasers, Bose–Einstein Condensate, the MRI, and much, much more. All of these came to fruition after his death.

Among the more surprising results presented in the book is the unlikely pairing of scientist Newton and musician Beethoven. The two men exhibited similarities so striking that one can describe them as “a pair of psychopathological twins born 128 years apart.” This, however, is not an original observation. A century ago, British journalist J. W. N. Sullivan first noticed some of their shared peculiarities. Then fifty years ago, University of Chicago astrophysicist S. Chandrasekhar (Nobel Prize, 1983) cited Sullivan and those common conditions of Newton and Beethoven while delivering a lecture on “Patterns in Creativity.”7 Both men suffered from mysterious ailments, both had nervous breakdowns, both became suicidal, both resisted the irreversible and impulsive act of ending their lives, and both regained their irascible, reclusive personalities after changing their life patterns.




A PAIR OF LIMITATIONS

This book has a pair of limitations. The first limitation is its confinement to the Western tradition in the sciences and the arts since around 1400. Examining genius in art in the ancient civilizations of Asia, Africa, North and South America, Australia, the Middle East, and Oceania would have made it a compendium at least an order of magnitude more voluminous than the present book. As for science and technology, there is a cumulative nature in these fields. The truly timeless inventions and history-changing technology of non-Western civilizations have long been integrated into modern science and technology. These include gunpowder, paper, and printing from China, the crucial mathematical concept of zero, the decimal system, and the place concept from India, all kept alive and gradually funneled from the Middle East to Europe.

A second limitation involves gifted women. The past was not fair to women, restricting their opportunities and limiting the attention given to their real achievements in the face of often insuperable obstacles. Though there has been increasing attention given to the history of great women, it pales in comparison to the attention given to men. I have done my best to incorporate the contributions of genius women that current historical records provide. Virginia Woolf, one of the great writers of the twentieth century, pointed out in a monograph in 1929 that the notion of genius was the creation of white men, for white men, and they did their best to make it exclusive. Although she was addressing only the plight of women novelists, her analysis and advice for rectifying a variety of injustices are still timely and applicable to women in other fields.

The two most significant technological developments in the ascent of humanity have been the invention of farming approximately 10,000–11,000 years ago and the harnessing of steam and electrical energy during the Industrial Revolution. While the geniuses in the history of the latter revolution are well-known, those in the former are not, that revolution coming long before recorded history. Recent discoveries in Upper Mesopotamia in southeastern Turkiye (formerly known as Turkey) point to roaming hunter-gatherers in the early Neolithic period first building a temple complex in Göbeklitepe 12,000 years ago, inventing farming within 1,000–2,000 years, and then creating settlements, cities, and eventually nations and empires.

Common sense suggests that it was the women, the gatherers—whose lives revolved around their knowledge and understanding of plant life—who invented farming. Whomever they may have been, individually or collectively, they remain nameless, hidden in the mists of the unrecorded past.

But there have been identifiable female geniuses, including in male-dominated fields, who have shattered glass ceilings to compete with the most creative males. Among them are polymaths Hildegard von Bingen, Sarah Bernhardt, and Hedy Lamarr. Immensely talented women painters include Artemisia Gentileschi, Judith Leyster, Élisabeth Louise Vigée Le Brun, and Frida Kahlo. Among the great writers in history are Jane Austen, George Eliot, and George Sand. In the closing years of the twentieth century, a soaring talent, Toni Morrison, won the National Book Award, Pulitzer Prize, and the Nobel Prize in Literature (1993).

As for female scientists, the best-known is Marie Curie, the recipient of two Nobel Prizes. But no less talented were Emmy Noether, Lise Meitner, and Maria Goeppert Mayer. As more access to education and opportunity is provided to women around the world, their achievements will be recorded and celebrated. In the sciences, for example, the years 2018, 2019, and 2020 each saw female scientists share Nobel Prizes. They are interwoven thematically into the text.









PART I INTERNAL AND EXTERNAL FACTORS FOR GENIUS









1 TRAITS POSITIVE AND NEGATIVE



Talent hits a target no one else can hit; Genius hits a target no one else can see.

—Arthur Schopenhauer



The notion of genius first appeared during the Golden Age of Greece when peripatetic philosophers identified a handful of their own as having been “touched by the gods,” “touched by the genie,” or geniuses for their groundbreaking teachings in logic, metaphysics, ethics, psychology, and epistemology. Aristotle, chief among a trio of the most influential, cited the pre-Socratic philosopher Thales of Miletus, a natural philosopher who lived almost three centuries earlier, as the first truly great philosopher genius. During the same time, however, artists would remain only artisans, and playwrights and poets above the artisans but below the philosophers. Gradually during the next two millennia, areas other than philosophy; e.g., literature, art, science, and music, experienced cultural revolutions and introduced their own geniuses. By the High Renaissance, the trio of Leonardo, Michelangelo, and Raphael were inducted into the circle; in the Elizabethan Age, Shakespeare; shortly thereafter in the Scientific Revolution, Galileo and Newton; and during the Enlightenment, Bach, Mozart, and Beethoven all entered the pantheon of geniuses. Early in the twenty-first century, we are again swept up in a cultural revolution. The Information or Digital Age, like other revolutions, has already brought out a few candidates for genius designation, but assessing the scale and permanency of their contributions will require the test of time.

Although commonly accepted and even overused, the notion of genius is difficult to define. In the broadest sense of the word, it refers to individuals who display extraordinary intellectual ability or surpassing levels of creativity—different but complementary qualities. But what good are soaring intelligence or lofty levels of creativity if they do not result in lasting achievements? Intelligence or aptitude tests involve word associations, synonyms, and mathematical logic. Creativity is even more abstract, more amorphous, and much more difficult to nail down. Where surpassing creativity exists, there is an admixture of traits: an unquenchable childlike curiosity, open-mindedness, an unusual penchant for pattern recognition, and a passion to make connections—attributes assisted by good memory, originality, imagination, intuition, and insight. On the negative side, virtually unavoidable, are two essential traits: an aversion to authority and a touch of insanity.

The Greeks believed that a disordered mind, “a tincture of lunacy,” as the Roman writer Seneca described it, was a gift of the gods and a critical trait of genius. Later, during the Renaissance and Enlightenment, society had little sympathy for the insane. They were imprisoned or otherwise kept out of sight. In modern times, psychotherapy and psychopharmacology are employed in eliminating or controlling symptoms of mental illness, although there still exist segments of modern society pursuing religious or spiritual treatment, such as exorcism. All the foregoing traits pertain to software issues of the brain. The actual biology or wiring of the brain is one of hardware. And although crucial to understanding genius, they are not as well understood. What is known, however, will be discussed in chapter 13, “Lumps, Bumps, and the Gifted Mind.”

The expressions “thinking outside the box,” “lowered inhibition,” and “aversion to authority” are all closely related to creativity. It is well known that the right hemisphere of the brain is mainly the emoting, romantic, and artistic side, in which inhibitions are hardly present. The left hemisphere is associated with objective, analytic, and rule-dependent thinking, where spatial acuity and precision are required, and where inhibitions remain powerful. Thus, engaging in scientific inquiry, playing board games, and the more vital activity of speaking are primarily functions of the left hemisphere. This division in the functions of the left and right hemispheres is not one hundred percent, but it is very high. The collective reversal of the functions of the two hemispheres of the brain may be as rare as the occurrence of situs inversis in the torso—where the visceral organs are reversed, with the heart located on the right, the appendix on the left—occurring in roughly one in every 10,000 individuals. The two hemispheres appear to function at cross-purposes with each other, but also in a complementary manner. Creativity requires collaboration between the two hemispheres.

Three years before his death in 1519, Leonardo da Vinci, while living in Amboise in the Loire Valley of France, suffered a stroke in the left hemisphere of his brain. The stroke left him partially paralyzed on the right side of his body. Since he was left-handed and still possessed full use of his left hand, he could still draw, write, and paint. But he complained of having diminished creativity. In the late twentieth century, the highly talented right-handed sculptor Frederick Hart suffered a stroke in the right hemisphere of his brain just eighteen months before he died in 1999. The stroke affected his left hand and not his preferred right, and he also complained of having lost his creativity. Hart’s masterpiece Ex Nihilo will be discussed in chapter 6. A third example is Louis Pasteur, who suffered a stroke in his creative right hemisphere, leaving his left arm and leg permanently paralyzed. Pasteur spent the next two decades relying on his assistants to manipulate the experimental apparatus for him. As he perused his earlier publications, however, he would “marvel at the lands he had revealed by dispelling fogs of ignorance and overcoming stubbornness.”1 In a nostalgic line, he offered a tacit admission of reduced creativity compared to his younger days before the stroke: “How beautiful, how beautiful. And to think I did it all. I had forgotten it.”

As humans, we are comprised of 19,000–20,000 genes.2 Just as genetic markers have been identified for a predisposition to obesity or for certain types of breast cancer, gene research has uncovered connections to certain types of mental illnesses: e.g., autism, anxiety, depression, Alzheimer’s disease, and schizophrenia. Add to these the long-known phenomenon that identical twins tend to have closer intelligence test scores than do fraternal twins, and it becomes likely that inherited or genetic factors are also involved in intelligence.

In 2017 a research group compiling genetic statistics at the Vrije Universiteit Amsterdam published its studies identifying a set of fifty-two genes as being compatible with higher intelligence scores.3 Their database represented a consolidation of separate studies of nearly 80,000 individuals. A year later, in a merger with other studies, 939 additional genes were added to the list, along with speculation that numerous other genes may be correlated with high intelligence.4 It is noteworthy that some of the genetic markers for mental illness appear to be the same markers associated with intelligence, adding to the notion of the inseparability of genius and insanity. This research is highly promising, albeit still in its infancy. Here we shall focus mostly on the software, although, on occasion, refer to the mind-brain connection or, loosely, the computer architecture.5


DEGREES OF GENIUS: A DISTILLATION

Seated marble statues of some of the preeminent sons of Trinity College, Cambridge—Francis Bacon, Isaac Barrow, Alfred Lord Tennyson, and George Babbage—line the periphery of the antechapel of Trinity. All appear to be in deep concentration. Holding a master class over the seated figures is a standing statue of Isaac Newton. Carved by the French sculptor Louis-François Roubiliac, at its base the statue bears the Latin inscription “Qui genus humanum ingenio superavit” (“With his intellect he surpassed the human race”).


[image: Image]
The base of Newton’s statue by Roubiliac.



The message is succinct, and it is grievously understated! The canon of Newton’s contributions to mathematics, physics, and science in general is unique! His defining masterpiece, Mathematical Principles of Natural Philosophy,6 or simply the Principia, is regarded as the most influential work in the history of science and as the first event of the Enlightenment. His physics explained the nature of motion in the terrestrial as well as the celestial world, unifying the physics of heaven and earth. In marrying mathematics and physics, Newton provided the fuel for the Industrial Revolution. That, in turn, led to a marriage of science and technology that helped the nations of Western Europe gain ascendency over the rest of the world.

Just fifteen years after Newton’s death, Benjamin Robins invoked differential and integral calculus and the laws of motion, carried out experiments with air resistance, and pointed out the critical importance of providing spin to projectiles by adding helical ridges in the interior surfaces of the muzzles of muskets and canons. Described by historian Niall Ferguson, “[Robins] was born with nothing but brains”7 into an impoverished Quaker family. For successfully applying Newton’s laws to ballistics, Robins deserves the sobriquet of genius, but an “ordinary genius.” It had been a transformative genius who had formulated calculus (mathematics) and the universal laws of classical mechanics (physics) in the first place.

Robins, like many other geniuses before and after him, was self-taught, an autodidact. And like many other geniuses, he was also a bundle of contradictions, a conflicted Quaker pacifist who first revolutionized the science of artillery with his book, New Principles of Artillery (1743), and helped propel Great Britain into a worldwide superpower. When Robins’s book was translated into German by the great mathematician Leonard Euler, it set off an arms race.

Recalling his student days at St. John’s College, Cambridge, next door to Trinity College, the poet William Wordsworth wrote:


Near me hung Trinity’s loquacious clock,

Who never let the quarters, night or day,

Slip by him unproclaimed, and told the hours

Twice over with a male and female voice.

Her pealing organ was my neighbour too;

And from my pillow, looking forth by light

Of moon or favoring stars, I could behold

The antechapel where the statue stood

Of Newton with his prism and silent face,

The marble index of a mind forever

Voyaging through strange seas of

Thought, alone.8






THE ARTIST EXPLORING NATURE—THE SCIENTIST CREATING ART

An examination of any two lives should yield commonalities ranging from the superficial to the genuinely astonishing. Just as it is with merely creative people and ordinary geniuses, so too it is with transformative geniuses even in the same field. They do not all display the same backgrounds, dispositions, traits, personalities, and motivations, nor do they demonstrate similar approaches to solving problems. Gaining a measure of insight is possible only by exploring tendencies and proclivities, similar shapes and forms but not perfectly coterminous maps of creative genius. Einstein was an artist dealing with nature in the manner of Leonardo. Indeed, the roots of Einstein’s creativity are understood best not by comparing him with Newton, but rather by comparing him with artist–scientist Leonardo, or even with his own contemporary, artist Picasso.9 Newton had famously observed, “I keep the subject before me, and wait ‘till the first dawning opens gradually, by little and little, into a full and clear light.” Einstein could have made the same claim, but it was his legendary gedankenexperiment (“thought experiment”) approach, augmented by his passion for the violin, that made him more of an artist.10 Similarly, Leonardo, Robert Hooke, Michael Faraday, Ernest Rutherford, and Nikola Tesla, and even Einstein, each relatively innocent of mathematics, envisaged physical reality pictorially as invisible lines—fields—in distinction to visualizing them mathematically in the manner of Newton, Maxwell, and Dirac. In the distant past, Archimedes would have shared the mindset of the latter group. This distinction is ultimately one of top-down visualization versus bottom-up and will come up again.

Just as there exist close parallels in the personalities and talents of Einstein and Picasso, there exist even closer similarities, especially in their personal demons, of scientist Newton and composer Beethoven, to an extent that they can be described as “psychopathological twins.”11 Similarities in disposition and talent also exist between painter Raphael and composers Mozart and Schubert: each an unrivaled virtuoso in his field, but not a driver. And there are similarities between philosopher Aristotle and composer Bach, both supreme synthesizers but not creator-rebels.

In order to demonstrate the depth and originality of great ideas, chapter 7, “Intersection of Art and Science,” and specifically the section “Aesthetics of Mathematics—Mathematics of Aesthetics,” includes rudimentary math underlying great art. Subsequently, the description of nature in chapters 10–12 is rife with mathematics at the level of advanced undergraduate courses in the subject. The purpose is to make the book accessible and enjoyable to the layman and still edifying for the scientist. Abstract paintings hanging in modern art galleries frequently hear viewers’ assessment, “Interesting!” short for, “I don’t have a clue what this artist is trying to say, but somebody must.” Similarly, a layman encountering abstract mathematical expressions in this book should declare, “Interesting!”, and move on. They will still get the gist of the crucial importance of mathematics in understanding nature.

Each of our five subjects is a bundle of contradictions. Newton and Einstein were towering scientific figures. Ironically, Newton, supreme mathematician-scientist, who created an entirely new branch of mathematics in order to describe how nature functions, spent more time brooding over a pair of distinctly nonscientific interests—alchemy and biblical scripture. Einstein, the greatest scientist since Isaac Newton, was a skilled violinist who frequently found inspiration for his scientific endeavors while playing the music of Mozart, or while sailing his tiny sailboat Tinef on Long Island Sound… rejecting a life vest, even though he never learned how to swim. Most likely, however, these two distinctly nonscientific activities helped clear Einstein’s head for those moments when he was engaged in intense concentration on physics problems. What is certain is that Einstein’s gedankenexperiments always preceded his theories. His discovery of energy–mass equivalence (E = mc2) explains the energy released in a nuclear explosion, and whose 1939 letter to Franklin Delano Roosevelt initiated the Manhattan Project to build the atomic bomb. And yet, he was an ardent pacifist much as Benjamin Robins had been. Einstein’s discoveries and the contradictions in his system of values are explored in chapters 11, 12, and 14.

By weaving together their disparate passions, the transformative geniuses achieved tapestries of extraordinary beauty and complexity, and they did this again and again. Was there a physiological difference or something that could be mapped onto the brain? Only in the case of Einstein has the actual brain of one of our transformative geniuses survived, and there is tantalizing evidence that the organ featured an anomaly, possibly a hardwiring that made him an Einstein. Ultimately, understanding the patterns of their creativity may provide an entirely new appreciation of their work and genius, and indeed a better understanding than that provided by the pathology of formaldehyde-preserved brains. We will discuss similarities and differences in their patterns of creativity, their noble traits, their miracles, and their human failings while making every effort to debunk the surrounding mythology.

All five individuals featured in this book share a common trait: they are polymaths harboring passions in disparate fields with the ability to fuse them together to reveal unexpected synergies. Newton harbored passions for mathematics and physics but separate from those was his obsession with alchemy and religion—constituting his “dark secrets.” But the dark secrets did not detract from his formulation of rigorous and consistent scientific theories. His obsessive compulsion to preserve intellectual honesty in seeking the truth forced him to keep his religious sensibilities separate from his science. In his notebook he wrote, “Amicus Plato—amicus Aristoteles—magis amica veritas” (“Plato and Aristotle are my friends, but my greatest friend is truth”).

Many creative people possess unusual physical attributes and mental faculties crucial for their particular field. Leonardo is believed to have had extraordinary eyesight, useful for his scientific observations of falling bodies, the trajectories of projectiles, and the flapping wings of birds. This is most likely similar to Ted Williams’s estimated 20/3 eyesight (seeing an object twenty feet away as if it were three feet away) that allowed the legendary slugger to watch the spinning seams of a baseball as it hurtled toward home plate. The ability to focus on an object much earlier than individuals with normal eyesight offers the ability to freeze motion in the manner of modern high-speed photography. But, in Leonardo’s case, it will be seen that in his eyes, he may have suffered from a condition called strabismus, a physical handicap serving as an artistic attribute.




A BEAUTIFUL MIND

In antiquity, Aristotle had noted, “No great mind has ever existed without a touch of madness,” a sentiment echoed in the first century by Seneca, “There is no great genius without a tincture of madness.”12 The connection between creativity and psychopathology13 was also the focus of the writings of essayist Charles Lamb and George Bernard Shaw. Mental illness frequently eludes early recognition with idiosyncratic behavior being excused as the normal eccentricity of the highly creative: “After all, he is a genius!”

Psychiatrist Arnold Ludwig, in his book, The Price of Greatness,14 uses the expressions “eminent,” “great,” and “genius” interchangeably. He reports on a ten-year study in which he examined the lives of 1,000 exceptionally creative men and women of the twentieth century. His subjects included celebrities of varying levels of achievement representing a wide range of creative fields. An important validation of the popularly held stereotype is that mental illness frequently accompanies exceptionally creative individuals, especially those in the arts. Another distinguished psychiatrist, Arnold Rothenberg, explores the subject of lunacy in his monograph, Creativity and Madness,15 discussing highly creative individuals suffering from some measure of mental disturbance distilled from lengthy lists compiled separately by Ludwig and Rothenberg, Leo Tolstoy, Marie Curie, James Joyce, Pablo Picasso, Ernest Hemingway, Frank Lloyd Wright, Salvador Dalí, Albert Einstein, T. S. Eliot, Ansel Adams, and Virginia Woolf all exhibited mental disorders in different degrees.

James Joyce, author of Dubliners, Portrait of the Artist as a Young Man, and Ulysses (the last inspired by Homer’s epic work), was a tormented Irish writer and, many would claim, the greatest writer in the English language in the twentieth century. He was an avant-garde modernist, writing in the groundbreaking narrative style of stream of consciousness. His works were known for their explicit content and candid portrayal of pimps, prostitutes, and Jesuit priests. His critics characterized his works as impenetrable. He claimed he was a sinner and a saint and superior to all other writers. Meanwhile, Joyce’s daughter Lucia showed early talent as a modern dancer but became aggressive and self-destructive and was eventually committed to an asylum. Joyce doubted that she was schizophrenic, “After all, her thought patterns were similar to my own,” he said. Carl Jung, who was treating Lucia, saw it differently: “The father and daughter were like two people who arrived at the bottom of the river. James had dived there, whereas Lucia had fallen in.” The difference between tormented genius and madness in this case may be one of control, distinguishing the genius, James, from the mad Lucia. This distinction immediately points to a “difference between full-blown forms of the illness and the milder forms of psychosis that are at the roots of the association between creativity and madness.”16

There is one distinct act that immediately removes all doubt about an individual’s mental disorder, and that is the impulsive and irreversible act of suicide. Comparing the statistics for suicide in three groups of writers, Ludwig reports that for nonfiction writers (e.g., journalists) the numbers are negligible; for fiction writers (novelists) 4%; and for poets 20%.

Ernest Hemingway, the recipient of the Pulitzer Prize (1953) and the Nobel Prize for Literature (1954), died by suicide with a shotgun in 1961. A complex and tortured man, he could well have been writing his autobiography when he penned, “Happiness in intelligent people is the rarest thing I know.” His physician father, Clarence Edmonds Hemingway, a dominant figure in the writer’s early life, had died by suicide (1928). His sister Ursula Hemingway Jepson would die by suicide in 1966, and his actress and model granddaughter Margaux Hemingway, in 1996. A dark thread ran through the fabric of this brilliant but supremely tortured family.

Although it has never been established conclusively, the preeminent Russian composer Pyotr Ilyich Tchaikovsky, on the verge of being exposed as gay, is believed to have died by suicide in 1893 by ingesting arsenic. Sixteen years earlier, giving heterosexuality a try, he had married Antonina Milyukova, but left her after a few weeks.

One of the most celebrated tortured geniuses was the postimpressionist painter Vincent van Gogh (1853–1890). While living in Arles in southern France and in the throes of schizophrenia, he cut off his left ear. A year later in hopeless despair, he died by suicide, a topic that will be discussed further in chapter 15.

Any discussion of insanity and artistic creativity would be incomplete without mentioning Michelangelo Merisi da Caravaggio (1571–1610). The ultimate holy terror of art, Caravaggio preceded van Gogh by three centuries. Unlike the great Dutch postimpressionist, Caravaggio did not take his own life. But in a bar brawl, he took the life of another man and found himself on the run from the authorities and from the victim’s friends. Eventually the friends tracked him down and assassinated him. Caravaggio’s originality and his influence on artists throughout Europe for centuries to come will also be discussed in chapter 15.

Celebrity entertainers, surrounded by sycophants, greedy agents, and quack doctors, frequently fall victim to the brutal entertainment business. Steeped also in drug culture, there is a nonnegligible chance that they will not live out normal life expectancies. In a recent eponymous film, Elvis, you feel the iconic singer’s pain when he confesses to his wife Priscilla, “I don’t want to play Elvis anymore!” Elvis died in 1977 at forty-two. Before him, there were James Dean, Judy Garland, and Marilyn Monroe, and after him, Karen Carpenter, John Belushi, Michael Jackson, Prince, and John Lennon. In classical music and opera, there were Mario Lanza and Maria Callas. If they did not end their own lives, someone else (in Lennon’s case) ended it for them. Each story is a Greek tragedy that should never be glamorized.
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Robin Williams, second from the left, during the filming of the 1989 film Dead Poets Society. Peter Weir, director of the film, is standing on the stairs at the far right, while the author’s son and daughter flank the actor. The campus of St. Andrew’s School, Middletown, Delaware served as the fictitious Welton Academy. Credit author.



In 1989, the versatile actor Robin Williams starred in the film Dead Poets Society, in which a student at a private boy’s school feels relentless pressure from his father. He is expected to excel academically, gain admission to Harvard, and become a physician, instead of what he wants to do: become a stage actor. Overcome by a feeling of total hopelessness, the boy takes his own life. The morality play is that of a father living through his son, much as Mozart’s and Beethoven’s fathers had done two centuries earlier. As an example of life imitating art, a second morality play, twenty-five years after the film was made Williams shocked the world by dying by suicide himself. The postmortem revealed the presence of high levels of antidepressants and medication for Parkinson’s in his system. Williams was just sixty-three years old.

In January 2023, Elvis’s daughter Lisa Marie, a singer and songwriter herself, died of cardiac arrest. She was fifty-four. Married four times, divorced four times, she too had struggled with opioid addiction. Her son, Ben Keough, had died by suicide just eighteen months earlier.

Creative scientists, although less prone to descending into the unfathomable depths of despondency and mental illness, are not altogether exempt. The great German mathematician Georg Cantor (1845–1918) suffered from bipolar disorder most of his life, the frequency of his bouts of depression seemingly increasing with age. During his bouts with depression, the barrage of unfair criticism from contemporaries could have led him to take his own life. Somehow, he resisted. However, his contemporary, the Austrian mathematical physicist, Ludwig Boltzmann (1844–1906), was unable to cope with the stress. Rival physicists who could not appreciate the originality and significance of his work had made life utterly unbearable for him. On a family vacation in Trieste in northeastern Italy, Boltzmann was having dinner with his wife and daughter when he quietly left the table, returned to their hotel room, and hanged himself.

During the Golden Age of physics in the early years of the twentieth century, Dutch physicist Paul Ehrenfest (1880–1933), once a student of Boltzmann, was bedeviled by the newfangled theory of quantum mechanics and the unrelenting pressure to produce (research papers). He turned a gun on himself… but not before he shot his son who had Down syndrome.

Finally, there is the case of the pioneer game theorist, John Nash, whose life was portrayed in the 2001 film A Beautiful Mind.17 Born in West Virginia, Nash suffered during most of his life from schizophrenia, with violent emotional swings oscillating in resonance with his ability to maintain academic appointments. A deceptively simple PhD thesis he had written as a graduate student at Princeton in 1951 on game theory turned out to bear such bountiful fruit for economics that he was awarded the 1994 Nobel Prize in Economic Sciences and, posthumously, the Abel Prize in mathematics. When he was on medication, he was relatively sane but complained of feeling foggy. Nash did not die by suicide. Tragically, in 2015 he and his wife were both killed in a traffic accident while riding in a taxicab on the New Jersey Turnpike.




LEFT-HANDEDNESS, SEXUAL ORIENTATION, AND GENES

Among traits of genius that rise to prominence is the unusually high incidence of left-handedness compared with that in the rest of the population. According to Ed Wright, author of A Left-Handed History of the World, four of our five transformative geniuses—Leonardo, Newton, Beethoven, and Einstein18—were left-handed. If two other surpassing geniuses Michelangelo and Raphael were also to be included in the group, then six of the seven would be left-handed. Among other left-handers on Wright’s list are Lewis Carroll, Mark Twain, Friedrich Nietzsche, Marie Curie, Alan Turing, and Bill Gates.

Artists demonstrate the same 10:1 preponderance of right-handers to left-handers as do the rest of our species. An artist employing shading to highlight a figure rests the heel of his hand on the surface of the work and makes rapid swiping motions with the point of his drawing utensil, creating parallel lines of controlled density. If the shading displays a positive slope (lower left to upper right in direction), the artist can be identified as a right-hander. Conversely, shading that displays a negative slope reveals the artist as a left-hander.

Regarding the question of sexual orientation, three of our five exemplars—Leonardo, Shakespeare, and Newton—exhibited sexual ambiguities. If Michelangelo were to be brought into the mix, then four of the six would be regarded as gay or bisexual. If we were to include Botticelli, then it would be five of seven, and with Caravaggio, six of eight. The foregoing list pertains to unusually talented Renaissance artists. Of course, if we were to include creative performing artists in just modern times, the list would swell rapidly, with Walt Whitman, Hart Crane, David Bowie, Elton John…

In the 2017 publication I mentioned earlier, the Vrije Universiteit Amsterdam group sought a correlation between genes and intelligence. Similarly, 2018 and 2019 saw announcements of the hot-button issue of genes and sexual orientation. An international collaboration of a group of psychologists, sociologists, and geneticists at Boston’s MIT and Harvard,19 with researchers at Vrije, found evidence of genes associated with sexual behavior. They gathered data from almost half a million individuals from questionnaires and DNA profiles.20 In a 2018 publication, they identified four chromosomal markers or variants. Then in 2019, they identified a fifth marker. The results showed a number of tenuous connections between genes and psychological and physical traits. Among these were major depressive disorder or schizophrenia, a proclivity to risk-taking, the use of cannabis, and a general penchant for unusual experiences; e.g., nonheterosexual experimenting. Among physical traits, there were male-pattern baldness and left-handedness. The authors of the report readily conceded that human sexuality is complicated: that it is partly determined by genes and partly by environmental factors. Meanwhile, limitations exist in the study in that the subjects were almost exclusively whites of European descent—no Asians, no Africans, no Aboriginal Australians. Also, the researchers placed all participants who had reported even a single same-sex sexual event into the same group as those who admitted unreservedly to being gay.

Another far-reaching report was published by a group of geneticists and social scientists at the University of Oxford in 2019. They also had access to the voluminous UK Biobank. The authors cited additional evidence of correlations between genes, the structure of the brain, superior verbal skills, and a number of traits favorable to creativity, albeit at the cost of predispositions to developing certain neurological and psychiatric diseases such as Parkinson’s disease and Alzheimer’s disease, and mental disorders including depression and schizophrenia.21




PHYSICAL HANDICAPS AS CREATIVE ATTRIBUTES

Christopher Tyler, a neuroscientist with a passion for art, has always been a highly original thinker. The head of Brain Imaging at the Smith-Kettlewell Eye Institute in San Francisco, Tyler is especially interested in how the artist sees and depicts his subject. In 1998 he published a paper positing the “centerline principle,” applicable to single-subject portraits. Great Masters through the ages, including Leonardo, Van Eyck, Van Dyck, Hals, Rembrandt, and, in the twentieth century, Graham Sutherland and Picasso, all posed their subjects with one of the subject’s eyes on the vertical bisector of the frame. With the subject’s head turned slightly, the line could pass through the leading eye or through the trailing eye (see chapter 6).

In late 2018, Tyler published another important paper shaking up both the art and the ophthalmic communities. After studying six known or suspected likenesses of Leonardo, he found that five of them displayed strabismus in the eyes. In strabismus’s exotropia form, the condition manifests in the focal axes of the eyes diverging slightly. Commonly known as “lazy eye,” it afflicts approximately 1% of the world’s population. Especially dramatic among the Leonardo likenesses that Tyler points to is Verrocchio’s bronze statue of David, a work in which the sculptor’s teenage apprentice is believed to have served as the model. The angle of divergence between the eyes is 13.2°, according to Tyler’s measurement. He points out that a number of other iconic artists, including Rembrandt and Picasso, also suffered from the condition, as did Barbieri, aka “Il Guercino” (literally, “the squinter”). Tyler conjectures that the artist suffering from the anomaly is able to suppress the view in one eye at will and see his subject with monocular, rather than binocular, vision. This allows the artist to readily project a three-dimensional scene onto a two-dimensional flat surface, which is ultimately what a painting happens to be.22 While most painters are skilled in making two dimensions resemble three dimensions without being afflicted with the condition, those with strabismus may have an edge. The occurrence of the condition in a group of surpassing painters suggests they do have an advantage in their drafting abilities. The topic, however, remains a source of controversy among ophthalmologists and requires further study.
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Andrea del Verrocchio, David, mid-1460s, with Leonardo as the likely teenage model. The sculptor has delineated the pupils and irises of the eyes with precision. According to Tyler, the axes of the eyes diverge by 13.2°.



Great composers are said to have possessed perfect musical pitch. But beyond this faculty, Italian composer/virtuoso Niccolò Paganini may have suffered from Marfan syndrome. Individuals with this condition are characterized as double-jointed, possessing unusually long slender fingers, and a peculiar yellowish pallor. With his superhuman feats on the violin, Paganini wowed his audiences, but his appearance caused considerable alarm: “Was he the Devil incarnate?” Similarly, composer/piano virtuosos Franz Liszt and Sergei Rachmaninoff possessed hypermobility (double-jointedness) in their disproportionately long fingers, with speculation that they also suffered from Marfan syndrome.

Beethoven, who had been a superb piano virtuoso, gradually lost his hearing. He gave up performing in music halls, channeling his creative outlet to composing. There it was his mind and his ability to hear sounds virtually that raised his work to a higher level. In his vocal pieces, musicologists have claimed, he sometimes assigned chords to singers that were beyond their reach. By the time he was totally deaf in 1824, he had forgotten the vocal ranges of the performers. Charles Limb, Johns Hopkins otolaryngologist, who also happens to be a virtuoso saxophonist, wrote about the last phase of Beethoven’s creativity, “He starts composing like a madman. Just brilliant masterwork after masterwork. There was an evolutionary leap in his compositional style and his ability to break boundaries.”23 Marin Alsop, director of the Baltimore Symphony Orchestra and Beethoven scholar, echoes Limb, adding, “The pinnacle of Beethoven’s forward-thinking… occurs in his late string quartets. I wonder if they would have been so avant-garde had he been able to hear them in real-time and space. This complete lack of self-censorship may have been the ultimate artistic liberator.”

A composer who shared with Beethoven both the curse and the gift of having had to compose entirely in his head was the Czech pianist-conductor-composer Bedrich Smetana (1824–1884). Having enjoyed normal hearing until he was fifty years old, Smetana lost his hearing quite suddenly, the result of a syphilitic infection. Freed to forego performing, he concentrated on creating music. His greatest work, Má vlast (My Homeland), consisting of six symphonic poems, came after the loss of his hearing.

Human figures in paintings by El Greco were always elongated in appearance. Among ophthalmologists, there have been speculations about the artist having suffered from astigmatism. Similarly, we can ask, “Have visual handicaps inspired the elongated figures in Swiss sculptor Alberto Giacometti’s work or, conversely, the over-fleshy figures in Colombian sculptor Fernando Botero’s sculpture?”




AUTISM AND MATHEMATICAL GENIUS


No one understands the mental faculty we call mathematical intuition; much less, genius… In no other intellectual realm does the genius find so much common ground with the idiot savant. A mind turning inward from the world can see numbers as lustrous creatures; can find order in them, and magic…

—Michael Gleich24



Newton is post-diagnosed as having been afflicted with high-achieving autism. Similarly, Dirac, the subject of Carmelo’s The Strangest Man, was not crazy, as even Einstein once wondered. In our day, the word “autism” has become so expansive that some forms of the disorder are associated with the ability for analysis, creative thinking, and mastery of mathematics. Dirac’s closest friends were numbers and equations. He once wrote:


One should allow oneself to be led in the direction to which the mathematics suggests… one must follow up a mathematical idea and see what its consequences are, even though one gets led to a domain which is completely foreign to what one started with… Mathematics can lead us in a direction we would not take if we only followed up physical ideas by themselves.



Autism manifests in different ways. Gleich’s words at the opening of this section apply mainly to mathematical ability, where certain individuals demonstrate the ability to perform lightning-fast arithmetic calculations but are otherwise oblivious to mathematics beyond basic operations. In a condition called synesthesia, numbers are seen as colors, allowing those who suffer from the condition to function as human computers. Shakuntala Devi, a woman from India who passed away in 2013, had been a child prodigy who gained international fame in 1977 after calculating the twenty-third root of a number with more than one hundred digits in just fifty seconds, compared with a full minute that the fastest computer at the time required to do the calculation. Three years later, she multiplied two randomly generated thirteen-digit numbers in twenty-eight seconds.

Carl Friedrich Gauss, among the top tier of mathematical geniuses, once derived a mathematical algorithm to determine the irrational number π to a prespecified number of digits. Then he hired a patient with autism, manifestly not a gifted mathematician, to grind the digits out as a human calculator. The man was given a routine algorithm, and according to contemporary witnesses, appeared to concentrate intensely, turning red, gritting his teeth, rolling his eyes, and even jumping up on a table. Then he climbed down from the table and proceeded to write out the value of π to 140 places.

Auticon is an award-winning multinational IT- and compliance-consulting business based in London and Munich. The company announced in 2017 that it was hiring high-performing people on the autism scale as 60% of its employees worldwide: “There is no disability as far as we are concerned, rather they employ different operating systems.” Ironically, many autistic individuals with either eidetic faculty or synesthesia leave us in awe and are often described as prodigies, although they lack the ability for meaningful analysis and creative thinking. In distinction, another condition known as aphantasia represents the ability to construct complex pictures, even allow visual hallucinations, without robbing the afflicted of analytical insight. Aphantasia may explain the modus operandi of Einstein, Michael Faraday, and Nikola Tesla.

The term “prodigies” describes children up to and including age ten who gain professional levels of proficiency in the arts and sciences—especially in the rule-based fields of music, mathematics, and chess that are processed primarily in the left hemisphere of the brain.25 Among the issues addressed in the study is the identification of the roots of precocity. One study focused on nine exceptional prodigies and their families. The prodigies were given multiple tests, including a full-scale Stanford-Binet IQ test, verbal and nonverbal IQ tests for working memory. Of the eight tested prodigies, one third had a diagnosis of Autism Spectrum Disorder (ASD). Four of the families reported ASD diagnoses in first- or second-degree relatives, with three of the four families reporting multiple members in their families with autism. This suggests that there is a relationship between genes and high-functioning autism and Asperger’s syndrome, an issue we will revisit in chapter 13, “Lumps, Bumps, and the Gifted Mind.”




PREPAREDNESS AND EUREKA MOMENTS

Chance discoveries are occasionally seen as “eureka moments.” But if preparedness and mastery of the field are not there, it is unlikely that the crucial clues will be recognized. Many biologists and geologists acknowledged the likelihood of evolution. Charles Darwin had the necessary academic preparation when he undertook the five-year voyage to the New World. The cumulative experience provided the threads that he was able to weave into a complex tapestry—the theory of natural selection as the underlying process for the evolution of life. Even then, Darwin gained sole recognition for the authorship of natural selection only when his contemporary Alfred Russell Wallace showed magnanimity by bowing out. Wallace could very well have challenged Darwin for the first authorship of the theory, but he did not. The scientific spirit had evolved a great deal for the better since Newton, Hooke, Leibniz, and Huygens had locked horns two hundred years earlier over questions of provenance.

Louis Pasteur (1822–1894) called preparedness a necessary ingredient in making discoveries: “Dans les champs de l’observation, le hasard ne favorise que les esprits prepares” (“In the field of observation, chance favors only the prepared mind”). He had received training in virtually every area of the natural sciences, biology, microbiology, chemistry, and physics, as well as in art, and was unique for his wealth of contributions to medicine and for extending life expectancy. It was his early studies in art that gave him insight into chirality; i.e., on “handedness,” that he brought to the structures of molecules and crystals. (A reflected image of a smooth white sphere in a mirror is indistinguishable from the sphere itself, but the reflected image of a human right hand is distinguishable, appearing as his left hand, and vice versa.) Some molecules possess symmetric shapes; others possess chirality—right-handed or left-handed chirality—resulting in distinguishable chemical properties.26 This insight led polymath Pasteur to making the discoveries that manifestly improved quality of life, including improvements in the ultimate nectar for the French people—their wine. Among his myriad medical discoveries were the vaccines for rabies and anthrax and proof of the germ theory of disease. Pasteur also disproved the doctrine of the spontaneous generation of life by demonstrating that in sterilized and sealed swan neck flasks nothing ever developed. This doctrine had persisted since the age of the pre-Socratics, found its way into church doctrine, and even found spotty experimental demonstration during the Scientific Revolution of the seventeenth century. Flemish scientist Jan Baptist van Helmont (1580–1644) had offered a pair of recipes: “Soiled garments and wheat left under a bed would give rise to mice, not suckling but fully grown; and a twig of basil sandwiched between two bricks placed in sunlight would give rise to scorpions.”

In the case of the discovery of the double-helical structure of deoxyribonucleic acid (DNA), researchers in a number of academic institutions around the world were on its trail, but it was the preparedness of James Watson and Francis Crick and their experiment that led the duo to the prize. It behooves us to recognize the combination of unique academic skills that Watson, a biologist, and Crick, a physicist, brought to bear that allowed them to assemble the pieces of the puzzle and to recognize the correct shape of the macromolecule of life.

A frequently cited story about Pasteur, that he infected himself with bacteria only to apply a cure afterwards to counteract the infection, turned out to be a myth. But a modern Pasteur lives in Australian microbiologist Barry Marshall, who, on a hunch, did infect himself with a dangerous bacterium, H. pylori. In eradicating it, he offered a cure for a malady that had afflicted millions of adults around the world since time immemorial. Until a generation ago, 10% of the adult population suffered from the illness, causing the afflicted to double over in pain. The fear of perforated ulcers and ulcers morphing into stomach cancer were omnipresent for ulcer patients. Dr. Marshall and his collaborator, pathologist Robin Warren, investigated the incidence of one type of bacterium Helicobacter pylori that is present in the gut of every patient who suffered from ulcers. The medical establishment was skeptical, with many gastroenterologists ridiculing the claim that bacteria could survive in the hellish conditions of the gastric system.

In 1984 Marshall, three years after he embarked on the research, tried to infect pigs with the bacteria, but when that failed, decided to serve as his own guinea pig. After undergoing an endoscopy procedure to obtain his own baseline, he prepared a petri dish containing a culture of H. pylori and swallowed it. On the eighth day, an endoscopy revealed massive inflammation (gastritis), and a biopsy confirmed that H. pylori had colonized his stomach. On the fourteenth day after he had infected himself, he underwent a third endoscopy and began a regimen of antibiotics. Precisely twenty years after Marshall and Warren published their paper in the Medical Journal of Australia, in 2005, they were awarded the Nobel Prize for Physiology and Medicine.27 One no longer hears of ulcers.

Werner Forssmann (1904–1979), as a young surgeon-in-training in 1929, proposed an experimental procedure to thread a thin tube through a vein to access a patient’s heart. When he was forbidden by his superiors that under no circumstance would he be allowed to perform the procedure on patients, he decided to perform it secretly on himself. With a surgical nurse unwittingly enlisted to help him, he undertook the experiment. First, out of sight of the nurse, he threaded a 26-inch (65 cm) urethral tube through a vein in his left antecubital fossa (elbow crease) all the way into his right ventricle (lower chamber). With the catheter in place, he asked the dumbfounded nurse to accompany him to a fluoroscopic X-ray machine to produce an image. (To probe the left ventricle, the procedure calls for threading the tube through an artery.) Forssmann recalled how physically painful it was: “I felt that I had planted an apple orchard and other men who had gathered the harvest stood at the wall, laughing at me.”28 Forssmann had performed the first heart catheterization in the history of medicine, and he would continue to perform additional experiments in the next few years to show the procedure’s practicality. By 1935, however, he found himself sidelined by an indignant medical community. Giving up cardiology research, Forssmann spent the next two decades working as a urologist in a small hospital. In time, the field he pioneered became known as interventional cardiology. In 1954 he received the Leibniz Medal of the German Academy of Science and in 1956 a share of the Nobel Prize in Physiology or Medicine.

In the 1930s, Scottish physician Alexander Fleming (1881–1895) made the monumental discovery of the mold lysozyme growing in a petri dish inhibited the growth of certain bacteria. Growth of mold has always occurred and possibly its connection to inhibiting infection had been seen earlier, but its full potential as an antibiotic had not been recognized. The practical use and the mass production of penicillin as the first antibiotic in history awaited the collaboration of the Australian-born Oxford biochemist Howard Florey (1898–1945). Fleming, notified by Stockholm that he was selected as the recipient of the 1945 Nobel Prize for Medicine and Physiology, responded that he would accept the prize only if he could share it with Florey. The nobility of his request impressed the Nobel Committee. It readily agreed to present the prize to both men.





AGE AND THE SPARKS OF CREATIVITY

The annals of literature abound in authors who are one-hit wonders; e.g., Harper Lee, To Kill a Mockingbird; Ralph Ellison, Invisible Man; Emily Brontë, Wuthering Heights; Margaret Mitchell, Gone with the Wind; Harriet Beecher Stowe, Uncle Tom’s Cabin. In distinction, transformative geniuses are never one-hit wonders. Each of the five transformative geniuses comprising the core of the book experienced artistic or scientific rebirths, anni mirabiles, sometimes more than once.

In the recent book Sparks, the author Claudia Kalb examines the lives and careers of a dozen eminent individuals in a variety of fields and organizes her subjects according to the ages at which they demonstrated bursts of creativity.29 These bursts or “sparks,” Kalb points out, can come in different stages of one life. There are the prodigies—Pablo Picasso, Shirley Temple, and Yo-Yo Ma; the twenties and thirties group—Bill Gates, Isaac Newton, and Sara Blakely; the mid-lifers—Julia Child, Maya Angelou, and Alexander Fleming; and a group of late bloomers—Eleanor Roosevelt, Peter Mark Roget (of Roget’s Thesaurus fame), and Grandma Moses. Organized in four sets of three each, the book reaches a crescendo in the epilogue with Leonardo as the “eternal genius.”

Whether in the visual arts of painting and sculpture or in literature, creativity almost always exhibits three periods—early, middle, and late. As the artist matures through the three periods, an increased sophistication is seen in their creations. This is true in the paintings of Leonardo, the compositions of Beethoven, and the plays of Shakespeare.

In the mathematical sciences, the period of greatest creativity occurs in one’s younger years. Newton was twenty-three when he was at the peak of his creativity, Dirac twenty-three, Heisenberg twenty-four, Feynman in his early twenties, Galois twenty, Einstein twenty-six. Aryabhata, the Indian mathematician who formulated the algebra of zero in 499 C.E. was twenty-three. But Newton and Einstein had scientific rebirths, peaking again in their “Second Miracle Years.” Newton was around forty-six when, in a second brief period, he wrote his three-volume magnum opus, the Principia; Einstein experienced his second annus mirabilis at age thirty-five or thirty-six when he published his general theory of relativity. In distinction, experimental scientists and astronomers peak much later, in their forties and fifties. A conundrum that makes a contribution in the mathematical sciences particularly difficult is that, before making a dramatic breakthrough, one has to master all that is already known. How does one master the field without being able to spend a substantial period of his youth learning it? Each of the individuals just mentioned possessed an almost miraculous ability to guzzle the known material, as if drinking from a fire hydrant. Even laconic Dirac weighed in with a quatrain,


Age is, of course, a fever chill

That every physicist must fear.

He’s better dead than living still,

When once he’s past his thirtieth year.



As parsimonious with words as a Trappist monk, in his twenties, he formulated an axiomatic self-consistent quantum mechanics and later predicted the existence of antimatter. His papers and his book written in the 1920s comprise the bible of quantum mechanics and are masterpieces of precision and conciseness. Freeman Dyson, who spent the better part of seven decades at the Institute for Advanced Study, had also been Dirac’s student at Cambridge. As a precocious nineteen-year-old, Dyson had sat in Dirac’s lectures and later recalled listening to Dirac’s theories, “Like exquisitely carved marble statues falling out of the sky, one after another. He seemed to be able to conjure laws of nature from pure thought. It was this purity that made him unique.”30

A photograph exists showing Heisenberg, Schrödinger, and Dirac, the three most significant architects of quantum mechanics, standing on a platform at the Stockholm train station in 1933. The previous year’s winner of the Nobel Prize in Physics, Heisenberg is there to honor the current year’s recipients, Dirac and Schrödinger. Dirac and Heisenberg are both accompanied by their mothers. The oldest and most colorful of the trio, Schrödinger, is there with his wife.

Lyric poets and novelists such as those of the English Romantic period tended to peak early, whereas epic writers much later in life. Poet/playwright Shakespeare, still in his teens and early twenties, devoured the history presented in Holinshed’s Chronicles as well as the writings of contemporary authors with unimaginable speed. Epic writers such as Virgil, Tolstoy, and Joyce peaked later in life, armed with experience and wisdom gained through their years.








2 MULTIPLE INTELLIGENCES



Mediocrity knows nothing higher than itself, but talent instantly recognizes genius.

—Arthur Conan Doyle



Beginning in the early 1980s, developmental psychologist Howard Gardner at Harvard published a series of papers and books on modalities of learning. Frames of Mind1 and a decade later Multiple Intelligences2 (MI) differentiated initially between seven types of intelligence, and in subsequent years swelled to nine. Among them were: (1) Musical-rhythmic and harmonic, (2) Visual-spatial, (3) Verbal-linguistic, (4) Logical-mathematical, (5) Bodily-kinesthetic (gross motor skills), (6) Interpersonal (social skills), (7) Intrapersonal (introspective), (8) Naturalistic (an awareness of nature), and (9) Existential—spiritual. As late as 2016, Gardner contemplated including the modality of teaching-pedagogical intelligence. In his theory, he suggested that each of us possesses all forms of intelligence to some degree, but that there is always a dominant form that characterizes each of us. Gardner granted the different forms of intelligence equal weight and argued that they can be individually strengthened by suitable training or weakened by neglect. Gardner’s theory has had an immense impact in academic institutions in helping to assess students’ strengths and overcome their weaknesses.

In distinction to developmental and educational psychologists, mainstream psychologists, who generally accept the notion of general intelligence (GI), have been less enthusiastic in embracing Gardner’s modalities, claiming that the developmental psychologist’s definitions of separate intelligences were ad hoc—they were subjective and lacked empirical evidence. They argued that he was simply relabeling the traditional notions of ability and aptitude as types of intelligences. These psychologists suggest that different scholars may come up with altogether different modalities. Some of Gardner’s detractors even suggest that his arguments are circular; e.g., “She is an especially gifted musician, therefore she must have enhanced musical-rhythmic and harmonic intelligence,” and “Because she possesses high musical-rhythmic and harmonic intelligence, she was fated to be a gifted musician.”

If in fact there is a credible basis to Gardner’s claims for the types of intelligences in the arts and sciences examined in this book, then writers Shakespeare, Austen, and Tolstoy would be seen as possessing soaring verbal-linguistic and interpersonal intelligences; composers Bach, Beethoven, and Mozart possessing unlimited musical-rhythmic and harmonic intelligences; and scientists Newton and Einstein possessing boundless logical-mathematical intelligences. In the case of artist/scientist Leonardo, the modalities would include visual-spatial, naturalistic, and perhaps all the other modalities identified by Gardner and his followers.

As a useful algorithm, Gardner’s theory could certainly explain the gifts of the titans in the performing arts. Ballet has been enriched immensely by the gifts of Anna Pavlova, Maria Tallchief, Rudolf Nureyev, and Margot Fonteyn; and modern musical dance by the attributes of Fred Astaire, Ginger Rogers, and Michael Jackson. The modalities that would apply to the foregoing dancers are presumably Gardner’s musical-rhythmic and harmonic, augmented by physical or bodily-kinesthetic. How much poorer would the theater be without Sarah Bernhardt, Laurence Olivier, Marlon Brando, Ingrid Bergman, and Meryl Streep; opera and stage without Enrico Caruso, Marian Anderson, Paul Robeson, Maria Callas, Joan Sutherland, and Luciano Pavarotti; jazz without Louis Armstrong, Miles Davis, and Duke Ellington; and music without vocalists Ella Fitzgerald, Billie Holiday, and Aretha Franklin. Here the modalities would again be musical-rhythmic and harmonic along with interpersonal and intrapersonal. Each of these individuals has been described as a genius in his or her field, and deservedly so.

In the history of sports, what would baseball have been without Babe Ruth, Hank Aaron, and Ted Williams; basketball without Michael Jordan, Lebron James, and, before them, Bill Russell; boxing without Muhammad Ali, Joe Louis, and Rocky Marciano; track and field without Jim Thorpe, Jesse Owens, Florence Griffith Joyner, and Usain Bolt; soccer without Pelé, Diego Maradona, and Lionel Messi. These athletes have served as exemplars of the physically or bodily-kinesthetically gifted—each an example of a congenital physical gift, honed by endless practice. One has only to watch videos of Michael Jordan on the basketball court or Lionel Messi on the soccer pitch weave their way through three or four defenders, leaving them bewildered and embarrassed, to wonder in disbelief, “How on earth does he do that!” They seem to possess a natural feel for their own skills bewildering to the rest of us, the ability to read their opponents’ minds and moves and adjust their own moves instantly.


THE MIXED TYRANNY OF TESTING

The world’s top universities have long trained leaders in government, industry, law, medicine, business, and the sciences. A degree from one of them is helpful in landing a job, at least the first job, upon graduation. But these are also the institutions toughest for gaining admission. In the United States, acceptance generally requires candidates to take standardized tests; e.g., SAT, ACT, GRE, LSAT, and MCAT. Similarly, there exist magnet high schools that are highly selective, particularly in the arts or sciences, and they too administer admissions tests. In the sciences, one measure of an institution’s success is the number of Nobel Prizes garnered by its graduates. The Public Schools System of New York City has produced forty-two Nobel laureates, with the Bronx School of Science alone accounting for an astonishing seven in physics and one in chemistry. James Madison High School in Brooklyn produced six Nobel laureates, three US senators (including Charles Schumer and Bernie Sanders), and the late Supreme Court justice Ruth Bader Ginsburg. Of course, the admissions test practice for the city’s specialized schools has worked well as a preliminary filter. But are there downsides to testing? On a less-than-politically-correct day in the public schools in Brooklyn in the early 1960s, the students took IQ tests and were often assigned seats in the classroom according to their scores. It was not uncommon to hear a teacher chide a weaker student for his question, “That’s an asinine question, a very asinine question. No wonder you are in the back row!”

Banesh Hoffmann, who collaborated with Einstein on a major paper at the Institute for Advance Study in 1937 and co-authored an excellent biography of him in 1972,3 also wrote a monograph entitled The Tyranny of Testing.4 In the book, he pointed out the unreliability of measuring intelligence and achievement. Hoffmann cited a question appearing in a reputable standardized test: “George Washington was born on February 22, 1732.” The only choices offered to the student are to check true (T) or false (F). The A-student in the United States knows from their history classes that February 22 is indeed the day on which the first president’s birthday is celebrated annually. And more than likely, they know 1732 to be the approximate correct year. Accordingly, the A-student confidently checks off “T.” The B-student checks “T,” but with less confidence. The mediocre student has no idea about the veracity of the statement, randomly checking off “T” or “F” with equal probability. The genuinely superior student looks at the question and realizes there is a problem. It is true that George Washington was born in 1732. But that was twenty years before Great Britain, along with her American colonies, changed its calendar from the Julian to the Gregorian in 1752, when an eleven-day correction was made in the changeover. This student wonders: “Am I dealing with a ‘malicious tester’ or an ‘incompetent tester?’ Does the tester know the ambiguity in the question?” They might even return to earlier questions hoping to ascertain the competence of the tester. At the least, the gifted student is penalized by the distraction and may lose time on a rigidly timed test.

Overthinking is a problem with those who know too much. A consensus mathematical genius, Alan Turing, frequently lost to lesser brains who could play the game more instinctively. Andrew Hodges in Turing: The Enigma writes about Turing’s Bletchley Park friend Jack Good: “Besides playing Chess, Alan taught Jack Good the game of Go, and before long found himself being beaten at that as well.”5

Creativity and schizophrenia overlap in one type of psychological behavior known as over-inclusive thinking. Both see much broader boundaries of relevance than do normal people. Thinking too much could well be a curse of the gifted mind! Newton watching an apple fall and wondering whether the force that attracts the apple to the earth is the same force that keeps the moon in its orbit and Benjamin Franklin wondering whether a flash of lightning is the same physical phenomenon as an electric discharge are both engaged in over-inclusive thinking.

Aptitude and achievement tests can be fraught with intended and unintended ambiguities. For example, acquired test-taking skills can skew results in favor of the test taker. To be a true test of relative ability all those who take the test should be equally unfamiliar with the processes of the test-taking at the time of sitting the test. Nonetheless, such tests are still regarded as a first approximation of how students will perform in their higher education.

The Intelligence Quotient, or IQ, is a measure of one’s cognitive abilities (intelligence) relative to one’s age. An IQ of 90–110 is regarded as average and scores above 120 as superior. A standard deviation on the IQ bell curve (Gaussian) is 15 points; plus or minus 15 points around the norm (85–115) incorporates 68% of the population. Two standard deviations above or below the norm, or 70–130, incorporates 95% of the population, leaving the remaining 5% equally distributed outside. A range of three standard deviations (55–145) excludes only 0.01% of the population. Arnold Ludwig6 reports that in his study, IQ scores of 124–140 are sufficient for many kinds of greatness, and some individuals with high IQs could be regarded well below average in other forms of intelligence; e.g., social, political, and personal introspection.

Many high IQ societies were founded since the mid-twentieth century, among them the celebrated Mensa Society, the oldest of such groups, founded at Lincoln College, Oxford, in 1946. Its founders, Roland Berrill and Lancelot Ware, specified in the society’s bylaws that the group would avoid politics and class distinctions. In accepting only 2% of applicants, Mensa is actually the least restrictive of the high-intelligence societies, with a present membership numbering 57,000 in the United States, 21,000 in the United Kingdom, and 13,000 in Germany. Its members number 134,000 in the entire world. Twice as exclusive as Mensa is the TOPS Society, which accepts 1 per 100 applicants, and twenty times more restrictive still than Mensa is the IQuadrivium Society, which accepts 1 per 1,000 individuals tested. Even more exclusive are the groups known as Mega, accepting 1 per 100,000, and Giga, 1 per 1,000,000. Writing for Scientific American,7 Lena Groeger identifies several groups that have become defunct, including “the memberless Grail Society,” a group that accepts 1 per 100 billion applicants, “but no one so far has applied,” she reports. Incidentally, the world’s population is eight billion, and anthropologists and statisticians estimate that the total number of Homo sapiens that have lived since the appearance of our species 200,000–300,000 years ago to be around 100 billion.

More interesting are the assessments, both positive and negative, offered by people who have joined high IQ groups: “I joined in search of a sense of belonging”; “I terminated my membership in the British Mensa chapter’s online forum, because it is dominated by neo-Nazis who have white supremacist and eugenicist agendas.” “In my experience most high IQ organizations seem to be fighting clubs for people with pathologically overdeveloped egos.” Groucho Marx had an appropriate answer ready, had he been asked to join an exclusive club: “I refuse to join any club that would have me as a member.”





CREATIVITY

Many composers carry a notebook to jot down musical ideas and themes, as do most visual artists a sketchpad, as do creative scientists. Scientist/artist Leonardo recorded his ideas copiously—faces in the crowd, scenery, vortices in whirlpools, striations in rocks, ideas for gadgetry, calculations, lists of vocabulary words to learn, food to buy. Perhaps mindful of a lasting legacy, a sense of history, Beethoven retained all his musical sketches. An effective putdown of someone devoid of creativity is the description, “Here is a man who has never lost a night of sleep over a (blank) problem!” Fill in the blank with your own choice of field: philosophy, physics, mathematics, music, painting. After obsessing over a problem, however, an incubation period is essential. Psychiatrists suggest that it happens when we are in touch with our primitive form of psychological reasoning, instinctive and subjective rather than rational and objective. Indeed, in the sciences or the arts, no control exists over when and where an inspiration, a moment of epiphany will occur—hiking in the woods, daydreaming, lying in bed half asleep.

For the musician, developing the theme into a finished product as a song, sonata, or symphony usually requires experimenting on a piano keyboard. Genuinely revolutionary ideas in the fundamental sciences, far rarer than in the arts, also come at unexpected times, with the scientist proceeding onto the next step at his desk with a good supply of blank paper, pens, and a trash can or at a blackboard with a box of chalk and a readily available eraser.

Two anecdotes involving Einstein offer hints regarding his own concerns while working. In the first, Einstein is walking along a hallway with Princeton physicist Eugene Wigner. He asks Wigner rhetorically, “Do you know, what is the greatest friend of a physicist?” Then he stops with a smile on his face and answers his own question by traipsing over to a wastepaper basket he just spotted to dispose of a crumbled sheet of paper. In the second anecdote, the hostess at a garden party pulls out a notebook from her purse and shows it to her famous guest: “Professor Einstein, I always carry a little notebook with me to jot down original ideas when they come to me. Do you also have a notebook,” she continues, “… to write down your original ideas?” Einstein replies wistfully, “Madame, I so rarely get original ideas that I don’t need to carry a notebook around.”




FAMILIAL BACKGROUNDS

Familial support, ranging from nurturing to inhibiting, is one of the greatest determinants of how children place in schools, how much creativity they exhibit, the skills they possess, and the careers they pursue. Nowhere is this phenomenon demonstrated more frequently than in academic families: the children of psychology professors frequently major in psychology, children of physics professors in physics, and children of art professors in art. They see working models in their parents’ careers. Emmy Noether, one of the twentieth century’s greatest mathematicians, was the daughter of a distinguished mathematician at the University of Erlangen; Nobel Prize–winning chemists Irèné and Frédéric Joliot-Curie were the daughter and son-in-law of two Nobel laureates, Pierre and Marie Curie; and William Henry Bragg and William Lawrence Bragg comprise a pair of father-son Nobel laureates in physics. Danish physicist Aage Bohr won a Nobel Prize as had his father Niels Bohr fifty years earlier. The Indian physics Nobel laureate C. V. Raman was the uncle of physics Nobel laureate Subrahmanyan Chandrasekhar. An extreme example of a crowded family business is that of the Bernoulli family in Switzerland. Dating back to the seventeenth century, it produced eleven generations of mathematicians, several of them world-class.

Historically, familial ties have also been true among creative individuals outside academia, where a child is constantly striving to fulfill a parent’s own unrealized yearning.8 Antonio Vivaldi learned to play the violin from his father Giovanni Battista Vivaldi, a violinist in St. Mark’s Cathedral in Venice. Johann Sebastian Bach had received his first keyboard lessons from an older brother who had taken care of him. He grew up to father twenty children. Although only ten survived into adulthood, he gave most of them personal instruction in music. Several of them became excellent composers, but none rose to the prominence of their father.9 Wolfgang Amadeus Mozart’s father, Leopold, was a competent musician but certainly not a great composer himself. By applying strict discipline in training his son and daughter, he succeeded in producing a prodigy in his son. Wolfgang’s son, Franz Xaver Wolfgang Mozart, also became a fine composer. Ludwig van Beethoven’s father, Johann, a singer and musician, was far more draconian in disciplining his son, applying Leopold’s tactics and augmenting them with physical abuse. He succeeded in developing an immortal composer, but one who developed a lifelong loathing for him. It is a wonder that the boy never turned away from music. In recent times, jazz pianist and educator Ellis Marsalis Jr. was the legendary patriarch of a musical family. His four accomplished musician sons include Wynton Marsalis.10

In antiquity, lawyer, author, and magistrate Pliny the Younger was the nephew and adopted son of author and naturalist Pliny the Elder. In the German Renaissance, painter Hans Holbein the Elder was the father of Hans Holbein the Younger, and Lucas Cranach the Elder was the father of painter Lucas Cranach the Younger. In the Italian Renaissance, Gentile Bellini and his brother Giovanni were the sons of Venetian artist Jacopo Bellini. In his time Gentile was a far more sought-after artist than Giovanni, even receiving a generous commission to journey to Istanbul to paint the portrait of the Ottoman ruler Mehmed the Conqueror. In the rearview mirror of time, however, it is Giovanni who has come to be seen as the more talented sibling. In a realm where talent recognizes talent, it is no surprise that Albrecht Durer, aka “the Northern Leonardo” and the man who in 1500 may have created the finest self-portrait ever,11 in visiting Venice in 1506, had already adjudged Giovanni the more talented of the two. Giovanni’s recently restored masterpiece San Zaccaria Altarpiece has gained the distinction of being the first work of the Venetian Renaissance.
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