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The Second “Copernican” Revolution: Charles Robert Darwin [SECOND]
In May 2003, I had the good fortune to participate with other JMU faculty in Bill Voige's London-based “British Science” course. [VOIGE] At the time, I knew little about Darwin, save that he originated the controversial theory of evolution. The first outing on our 10-day adventure was to the National Portrait Gallery, where we “met” many icons of the British tradition of “gentleman science.” Among these were Isaac Newton, Michael Faraday, Charles Darwin, Thomas Huxley, and Stephen Hawking. [NPG1024] This marvelous portrait captured my attention like no other. It is nearly life size. There are so many qualities in Darwin’s face: kindliness, intelligence, depth, and world-weariness. Dressed in his dark traveling cape and with a flowing beard, he seemed to me more like a biblical prophet than an iconoclastic scientist. Strange, I thought, given that Darwin is widely reviled within elements of Christendom and Islam.  I resolved then and there to get to know the man.

[LI05] Two years later, I followed Bill Voige’s footsteps to co-lead with art historian Kate Stevens an international program sponsored by JMU’s London Institute. Fourteen students participated in LS310--British Foundations of Modern Science, the course Bill originated. As Bill had done for the faculty group, I arranged for the students to go behind the scenes of the Darwin collection at the Natural History Museum [NHM]. There, in cramped corridors between rows and rows of specimen cases, curator Andy Currant passed around specimens that Darwin himself had collected on the scientific expedition of the H.M.S Beagle from 1831-1836, for which he had served as ship’s naturalist.  At one point, without gloves or fanfare, Andy handed the skull of a Toxodon, a now extinct giant ungulate, to one of the students, who stood there spellbound and speechless, as we faculty had done two years previously. She later wrote in her summary paper: “It is hard to deny evolution when it is staring you in the face.”
[VOYAGE1] It is not widely known that, before evolution scandalized Victorian England in 1859, it first disturbed Darwin’s own equanimity. You see, like most of his era, Charles Darwin initially accepted a traditional view of creation, based upon a literally interpreted biblical chronology. This view held that the species were created more or less simultaneously in their current form a mere 6000 years ago. The date of creation was estimated by accounting for all generations descended from Adam and Eve as recorded in the scriptures. [NEWTON] In 1650, Anglican archbishop James Ussher went so far as to place the moment of creation as the night preceding October 23, 4004 B.C. Ludicrous as this may sound today, no less an intellectual giant than Isaac Newton also resorted to counting generations to estimate the Earth’s age at a value not far off from Ussher’s six millennia (CAMW 220).

[DARWIN] But Darwin’s first-hand experiences aboard the Beagle chipped away at his conventional views. While the Beagle was anchored off the coast of Chile near Concepción, Darwin experienced an earthquake that raised the ground a full three feet. He was surprised to find fossil shells on a plateau at 7000 feet elevation. At Bahia Blanca he uncovered the fossilized remains of numerous extinct creatures. From these and countless other observations, Darwin began to suspect that the geological and biological events on Earth were dynamic rather than static, albeit on a time-scale so slow as to have escaped human notice.

Interestingly, it was geology rather than biology that first awakened Darwin to a new sense of the progression of time, as recorded in this poetic passage from the Andes (VB 338):

[TORRENT] This rattling noise, night and day, may be heard along the whole course of the torrent. The sound spoke eloquently to the geologist; the thousands and thousands of stones which, striking against each other, made the one dull uniform sound, were all hurrying in one direction. It was like thinking on time, where the minute that now glides past is irrevocable. So was it with these stones; the ocean is their eternity, and each note of that wild music told of one more step towards their destiny.

[VOYAGE] Subsequent experiences only reinforced the growing notion of “deep time.” In the strata of Patagonia, in the Galapagos and Cocos islands, and in the coral reefs of the Dangerous Archipelago, Darwin found incontrovertible evidence of geological and biological change: coral reefs that built up slowly on the flanks of sinking volcanoes, finches with unusually adapted beaks, skeletons of extinct sloths and armadillos, “crabs that could crack coconuts, dogs that could catch fish, and fish that lived off coral (D 24).” Nature, it began to seem, was in a perpetual state of adaptation.

Within three years of his return from the voyage, Darwin had become both a celebrity and a family man, having married his well-to-do first cousin Emma Wedgwood. When completed in 1839, Journal of Researches, later to become known by the more popular title Voyage of the Beagle, was an instant success. No one was more surprised than the author himself. 
[DOWNHOUSE] Darwin, however, never regained his equanimity. He was plagued throughout the remainder of life by a mysterious illness involving bouts of dizziness, depression, and gastric distress. The illness was at least partly psychosomatic, the likely result of cognitive dissonance stemming from two irreconcilable views of creation: creation as a done deal, or creation as an unfolding process.

[SANDWALK] To better manage this malady, the family moved sixteen miles from the bustling London to the quiet village of Downe. A regular routine helped keep the ravages of the disease at bay. Three times a day Darwin walked the sand walk at Down House, lost in thought. He was often accompanied by Annie, the oldest daughter and the most vivacious of his ten children, who was in the beguiling habit of turning pirouettes in front of him. There, at Down House, protected by the beauty of flowers, the love of family, and the care of gentle servants, Darwin anticipated the many objections to his theory of “descent with modification,” and there he accumulated mountains of evidence in its defense. And there at Down House, he lost three children, including the dearest of all, Annie, who succumbed to tuberculosis at the age of 10. Charles and Emma never fully recovered. 

[KEW] By 1842, Darwin had completed a 35-page draft of the Origin of Species. Needing a confessor to hear his heretical musings, Darwin wrote tentatively to his friend Joseph Hooker, director of the Royal Botanical Gardens at Kew; “[I am] almost convinced (quite contrary to the opinion I started with) that species are not (it is like confessing a murder) immutable.”  Immensely relieved that Hooker viewed him neither as a murderer nor a heretic, Darwin continued writing. By 1844, the draft of Origin had grown to 230 pages. And then he did the unthinkable. Dreading the firestorm of controversy that was certain to engulf him, Darwin procrastinated, turning his unmatched powers of observations to an eight-year study of barnacles. “I hate a Barnacle as no man ever did before, not even a Sailor in a slow-sailing ship,” Darwin wrote to a friend.
[ODIOUS] Darwin’s fears were not unfounded. Following a particularly scathing attack on the Descent of Man, published much later in 1871, he confided to a friend (Wallace), "I shall soon be viewed as the most despicable of men ... the most arrogant and odious beast that ever lived." 

[WALLACE] Darwin’s hand was finally forced in 1858, when he received a fateful letter from Alfred Russel Wallace. Darwin was shocked. “I never saw a more striking coincidence; if Wallace had my MS. sketch written out in 1842, he could not have made a better short abstract!” (AM 308) In short, Wallace was about to scoop Darwin, whose first inclination apparently was to let his competitor have the credit. Fortunately, Hooker and Charles Lyell, the reknown geologist, interceded and arranged for Darwin and Wallace to issue a joint paper at a meeting of the Linnaean Society. The paper caused little stir, but the scare of nearly being scooped shook Darwin from his lethargy.

[WESTMINSTER] Rudely freed of inhibitions, Darwin worked feverishly for thirteen months, and in 1859, On the Origin of Species by Means of Natural Selection was published, instantly scandalizing Victorian sensibilities. All 1250 copies sold out on the first day. Since then, the book has never been out of print or out of controversy. The two competitors, Wallace and Darwin, remained friends to the end of their days. Fittingly, Charles Robert Darwin lies buried in Westminster Abbey, not far from Isaac Newton and next to his dear friend Charles Lyell, whose geology text first opened his eyes to “deep time.” 

The First Copernican Revolution: Nicolaus Copernicus [FIRST]
[FREUD] Sigmund Freud observed that Darwinism “… was the second [emphasis added], the biological blow to human narcissism.” 
 Some three centuries prior to Darwin, humans suffered the first severe blow to their narcissism, this one also of scientific origin. [GOETHE] “Of all discoveries and opinions,” observed Goethe, “none may have exerted a greater effect on the human spirit than the doctrine of Copernicus.” 
 It was Copernicus who made the Earth move under our feet, quite literally in fact.

[PTOLEMY] In the 2nd Century A.D., the mathematician and astronomer Ptolemy proposed a model of the cosmos that was to hold sway until the mid 16th Century. Because humans do not directly sense the Earth’s motion, Ptolemy presumed that the Earth is stationary at the center of the solar system. The apparent motions of the moon, the Sun, and the planets were explained by requiring each to orbit the Earth. Moreover, the Earth, it was believed, anchored a celestial sphere, which contained the stars and rotated them in unison on a daily basis.  Fourteen centuries is an enormously long time for a theory to remain intact, a testament to Ptolemy’s genius and persuasiveness.

[MARS] In science, however, there is the phenomenon of the “damned facts.” These are experimental results that simply don’t adhere to the prevailing theory. In such cases, either the facts are in error or the theory is in error.  When the facts persist, the theory has to be modified or it has to be overturned. By the 1400s, Ptolemy’s geocentric model of cosmology had accumulated a substantial body of “damned facts.” Geocentric models could not easily explain the apparent retrograde motions of the planets, particularly that of Mars, which at times seems to reverse course in the heavens. Nor could they fully explain variations in planetary brightness or orbital speed.

[EPICYCLES] Ptolemaic astronomers attempted to fix the geocentric model by clever mathematical tricks such as epicycles and eccentrics (TCR 59ff). However, as astronomical observations improved, epicycles upon epicycles were necessary to adjust the models, and Ptolemaic cosmology began to collapse under its own weight.

[COPERNICUS] As an astronomer and mathematician, Copernicus (1473-1543) revered Ptolemy’s masterpiece, the Almagest. He owned not one but two copies, thanks to the recent invention of the printing press.  Originally intending only to correct the inaccuracies in Ptolemy’s theory that had surfaced in fourteen centuries, Copernicus was drawn to a startling conclusion: the geocentric model of the universe was fundamentally flawed, and a radical change of perspective--a paradigm shift in words coined much later (SSR)--was required.

Copernicus completed his masterpiece De Revolutionibus (The Revolutions of the Heavenly Spheres) in 1530, but fearing repercussions from his conclusions, he delayed its printing until 1543, when he lay upon his death bed. In his opus magnum, Copernicus presented a mathematically compelling case that astronomical observations, including anomalies such as retrograde motion, are far more consistent with a heliocentric frame of reference. In the heliocentric model, planets orbit the Sun rather than swarming about the Earth as had long been supposed. And the Earth both revolves and rotates, superimposing annual and diurnal motions.

[KEPLER] Despite the beauty, elegance, and logical consistency of heliocentric cosmology, and despite its early acceptance by luminaries such as Galileo and the “Protestant Galileo,” Johannes Kepler, Copernicanism met with enormous resistance from many quarters, for it required a radical altering of human self-perceptions.  [EINSTEIN] Like Goethe, Einstein (EAL 160-161) observed that Copernicanism “…was probably the severest shock man’s interpretation of the cosmos ever received [because] it reduced the world to a mere province so to speak, instead of it being the capitol and center.” 
To fully appreciate Einstein’s insight, consider the problem of parallax. [PARALLAX] In ordinary experience, objects that are relatively close at hand show different facets when viewed from different perspectives. The stars, however, appear relatively fixed; that is, they appear to rotate en masse, but they do not seem to move relative to one another. This is an expected outcome if the Earth remains fixed as presumed by Ptolemy. However, the implications are jolting if the Earth revolves about the Sun. The diameter of the Earth’s orbit is some 180 million miles. If most stars appear to remain fixed despite a difference in perspective of nearly 200 million miles, they must reside unimaginably far away.   

[GALAXY PAIR] Heliocentric cosmology, once accepted, forced three monumental shifts of paradigm.  First, it dethroned humans, presumably God’s highest creation, from their seat of honor at the center of the cosmos. Second, Copernicanism spawned the disquieting recognition that the universe, previously thought to be of modest extent, is in fact vast beyond comprehension. And third, it inadvertently launched the Age of Reason, in which the locus of truth gradually shifted from religious authority to direct experience in the form of scientific inquiry and empiricism. The Church, the traditional repository of truth throughout the Middle Ages, was threatened by Copernicanism on all three fronts. Moreover, Ptolemaic cosmology was imbedded implicitly into the religious doctrines of St. Augustine and Thomas Aquinas. Hence, Copernicanism was de facto heresy.

[GALILEO] In 1616, Copernicus’ De Revolutionibus was banned following Galileo’s reckless promotion of the new theory, and Galileo, was forbidden by Church authorities to “hold or defend” heliocentrism. In 1632, an unbent Galileo published Dialogue Concerning Two Chief World Systems, which was seen correctly as a thinly disguised promotion of Copernican cosmology. Naively, Galileo had seen fit to place the Pope’s objections to Copernicanism into the mouth of the buffoon-like character Simplicio. As a result, Galileo faced the Inquisition a second time. Forced to recant under threat of torture, Galileo was spared his life but kept under house arrest for his remaining eight years (AM 189ff).

[WHIRLPOOL] In 1992, 350 years following his death, the Vatican officially apologized for its treatment of Galileo, and Copernicus is now regarded not as a heretic but as the father of modern astronomy. Still, aftershocks of his revolutionary theory can yet be felt--in Big Bang cosmology and in the marvelous images of the Hubble Space Telescope, which probes to the outer limits of the visible universe, a universe now believed to measure some 14 billion light-years in extent and to contain some 100 billion galaxies, each with 100 billion stars.

[NIETZSCHE] In a passage from The Gay Science (1882), Nietzsche captures the existential vertigo associated with the Copernican loss of place.
 It begins:

What were we doing when we unchained this Earth from its sun?
Copernican Revolutions therefore are paradigm shifts, originating in science, so profound that they forever alter human self-perceptions. It has taken nearly five centuries for humanity to integrate the psychological effects of the Copernican Revolution. Therefore, it is safe to presume that we are just now at the midpoint of the Darwinian revolution. This is evidenced by continuing court battles such as Kitzmiller v. Dover Area School District, which challenged attempts by creationists to introduce “intelligent design” as an alternative to evolution in high-school science.

[DNA] Whereas Copernicanism challenged our perceptions of our physical place in the universe, Darwinism has challenged and continues to challenge our perceptions of biological place. Alternately, science writer Timothy Ferris has astutely called Darwinism a “time bomb” (CAMW 245). Whereas Copernicanism exploded our sense of space, Darwinism exploded our sense of time. Darwin, in fact, knowing that evolution required “deep time,” was immensely troubled that estimates of the Earth’s age in his day ranged from a few thousand to a few hundred thousand years. Had these estimates remained, evolution would have been discarded to the scientific scrap heap. But in his case, the facts were wrong, not the theory. Science was not then aware of either radioactivity or genetics. Radiochronology has firmly established the Earth’s age at some 4.6 billion years, and DNA has confirmed Darwin’s tree of life, of which humans are but one branch.

[EARTHRISE] Finally, both revolutions and their aftermaths have underscored that Nature is fundamentally dynamic. In the words of John Muir, “When we contemplate the whole globe as one great dewdrop, striped and dotted with continents and islands, flying through space with other stars all singing together as one, the whole universe appears as an infinite storm of beauty.”
The Third Copernican Revolution: Mind and Matter [THIRD]
When Freud expressed that Darwinism was the second blow to human narcissism, he was in fact feathering his own nest. You see, Freud believed himself to that have launched a third “Copernican” revolution by his theory of the psyche. More than a century prior to Freud, however, the German philosopher Immanuel Kant spoke of his own “Copernican Revolution.”

[KANT] An astronomer in his early days (CAMW 161ff), Kant was among the first to correctly guess that so-called nebulae are actually distant galaxies, island universes like our own Milky Way, too distant for individual stars to be resolved. The debate over nebulae, unsettled until the 20th Century, led Kant to ponder the question of perception: how do we infer the true nature of reality? He came to a startling conclusion as profound in its own way as Copernicus’ shift of perspective. Kant argued that the mind does not passively perceive reality; rather, it actively shapes reality. Whether we give credit to Kant or to Freud, the scope of the “Third Copernican Revolution” is this: the “science of mind.”

[DESCARTES] Our story begins in the 16th Century with the philosopher-scientist René Descartes, who uttered philosophy’s most memorable sound bite: “I think, therefore I am.” Prior to Descartes, the discipline of philosophy—the study of the fundamental nature of knowledge and reality—made no sharp distinction between the internal world and the external world. In his attempt to re-establish the foundations of philosophy on more solid ground, Descartes divided its domain into two apparently distinct sub-domains: the res cogitans, literally “thinking things,” and the res extensa, literally “exterior things.” In modern parlance we would say that Descartes sundered the domain of philosophy into the conscious or thinking world and the material or physical world. (DMMP, P&P 76-80) It was his tacit assumption that these worlds were disjoint, except perhaps in humans.

Following Galileo’s harsh treatment by the Church and Newton’s magnificent success in laying firm foundations for the scientific method, philosophy and natural philosophy parted company. The res extensa became the principal domain of natural philosophy, which we now call science, and the res cogitans remained the primary domain of philosophy. Science flowered during the Enlightenment and challenged the authority of religion. An uneasy truce prevailed. And there it might have remained had not physics plunged into crisis at the beginning of the 20th Century.  

[ERIN] “What is consciousness if you cannot poke it with your finger?”

By the term consciousness let us mean the awareness by the mind of the external world, and in addition, in humans the mind’s awareness of itself and the ability to reflect upon that awareness.

This pithy question regarding consciousness arose spontaneously during an ah-ha moment in an honors class I taught in Spring 2004. Erin’s question cuts to the heart of science, or at least to the heart of experimental physics. For all its sophistication, science often advances by “poking” material things and observing how they respond. How, for example, does a mass respond to a force? How does light respond to a prism? Or how does a photovoltaic material respond to different colors and intensities of light? If consciousness turns out to be immaterial, as it is beginning to seem to many, there is nothing to poke, and conventional science would be virtually powerless to reveal its essence.

The dilemma for science can be traced to the Cartesian partition, which is firmly imbedded at the foundations of classical physics in the notion of subject-object divide. That is, it was tacitly assumed that the object being studied (e.g., the material thing) was in no way disturbed by the conscious entity (e.g. the scientist) studying it.

[CURIE] The Cartesian partition, however, began to unravel just before 1900. Classical physics, which had accomplished so much in the two centuries following Newton, was in disarray. Too many “damned facts” had accumulated. The discovery of radioactivity, for one, opened a Pandora’s box of damned facts. In 1895 and 1896, respectively, Wilhelm Roentgen in Germany and Henri Becquerel in France independently and accidentally discovered radioactivity. In 1903, Becquerel shared the Nobel Prize with his compatriots, the Curies, who had isolated the radioactive elements radium and polonium.

[RUTHERFORD] Meanwhile, in England at Cambridge University’s illustrious Cavendish Laboratory, Nobel laureates were being mass-produced. It started with J. J. Thomson’s discovery of the electron. Then in 1895, Thompson was joined by a young post-doc from New Zealand. While working with radioactive materials, Ernest Rutherford identified two fundamentally different types of radioactivity characterized by the emission of either “alpha” or “beta” particles. Later, Rutherford used the newfound alpha particles as projectiles to probe the atom and tease out its structure, in classic “poke and watch” experiments. Most of the alpha particles penetrated gold foil unscathed. Astoundingly, however, one occasionally bounced back, “like an artillery shell bouncing off of tissue paper” to use Rutherford’s bemused analogy.

Radioactivity was fascinating and useful, but also troubling. Classical physics was predicated upon strict causality: every consequence has an antecedent cause. However, radioactive elements seemed to have a mind of their own that violated causality. Radioactive decay events in atoms appear to occur spontaneously, without antecedent cause.

[DAMNED] Moreover, from the peculiar behavior of Rutherford’s gold-film experiments, he concluded that atoms are mostly empty space surrounding an extraordinarily dense nucleus. The nucleus accounted for the rare return of the alpha particle. From these and other experiments, Rutherford built a mental model of the atom as a tiny solar system, with electrons swirling about the nucleus as planets orbit the sun. As satisfying as the solar-system analogy might be, it was not long for this world. Electrons, being charged, should radiate and lose energy, spiraling into the nucleus like a wayward earth-bound satellite. And yet, atoms are remarkably stable; no one could explain why.

Other damned facts also perplexed physicists, among them the photoelectric effect and the so-called ultraviolet “catastrophe.” Regarding the former, why is it that certain photoelectric materials respond to some colors of light (e.g. blue) but not to others (e.g. red)?

[EINSTEIN2] The photoelectric effect remained a mystery until Einstein’s miracle year of 1905, in which he wrote five seminal papers, three of which revolutionized physics. In one, Einstein reasoned that light was emitted in tiny indivisible packets now called photons. The energy packed in a given photon depended upon its color, which is how humans perceive its frequency. Blue photons pack more punch than red ones and thereby dislodge electrons when they collide with photovoltaic materials, which coincidentally explains why darkroom lights are red, not blue or yellow. The paper on the photoelectric effect, and not relativity, earned Einstein the Nobel Prize for physics in 1921. This and earlier work by Max Planck also paved the way for the most successful and bizarre physical theory in scientific history: quantum mechanics.

[BOHR] All the quandaries that faced classical physics in 1900 were resolved by quantum mechanics. At the heart of quantum theory lie three foundational tenets:

1. Light, matter, and energy—the building blocks of nature and perceived reality—are all granular; that is, they come only in tiny packets called quanta. A quantum cannot be further subdivided.

2. Indeterminacy: at the quantum level, “poking” the thing to be observed disturbs it. This phenomenon is codified in Heisenberg’s Uncertainty Principle, which states that it is impossible to simultaneously know with precision both the position and the velocity of a quantum particle.

3. Finally, every material object has two mutually exclusive natures: a particle-like nature and a wave-like nature. Some experiments reveal its wave-like nature. Others, like the photoelectric effect, reveal its particle-like nature. But no experiment reveals both simultaneously. The duality of nature was articulated as the principle of complementarity by the “Great Dane” of physics, Niels Bohr. 

Despite its stunning success, quantum mechanics is irreconcilable with many cherished notions of reality. In fact, many of its originators were so troubled by the implications of quantum theory that they considered disowning their brainchild. Here are just a few quotes to illustrate the Angst generated by quantum theory [SERIES1]:

"I remember discussions with Bohr which went through many hours till very late at night and ended almost in despair; and when at the end of the discussion I went alone for a walk in the neighboring park, I repeated to myself again and again the question: Can nature possibly be as absurd as it seems to us in these atomic experiments?" 

Werner Heisenberg (P&P 42)

“If we are going to have to put up with these damn quantum jumps, I am sorry that I ever had anything to do with quantum theory.” 

Erwin Schrödinger, 1933 Nobel Laureate in Physics. (U 138)

“I find the idea quite intolerable that an electron exposed to radiation should choose of its own free will not only the moment to jump off but also its direction. In that case, I would rather be a cobbler or even an employee of a gaming house than a physicist,” confession of 

Albert Einstein to fellow physicist Max Born. (E:L&U 324)

 “Quantum mechanics is very imposing. But an inner voice tells me that it is not the real McCoy. The theory delivers a lot but hardly brings us closer to the secret of the Old One. I for one am convinced the He does not throw dice.” Albert Einstein (U 137)

“Albert, stop telling God what to do.” Niels Bohr
[HEISENBERG] Perhaps the most radical notion of quantum mechanics is indeterminacy. At bottom, Heisenberg’s Uncertainty Principle quantifies how the “act of poking” changes the very thing being “poked.” The observer changes the thing observed (U 7). The bottom line is that the res cogitans and res extensa are not disjoint; they are in fact overlapping magisteria.

Despite his best attempts to expose the fatal flaw in quantum mechanics, Einstein ultimately failed. Quantum theory has survived all assaults on its integrity. The ultimate collapse of the subject-object divide, previously a bedrock principle for science, has enticed some eminent physicists to suggest that physics can be repaired only if it incorporates a theory of the psyche, so that the res extensa and the res cogitans are formally rejoined. 

Consider, for example, these statements [SERIES2]:

"It would be most satisfactory of all if physics and psyche could be seen as complementary aspects of the same reality." 

 Wolfgang Pauli, 1945 Nobel Laureate in Physics

"It [is] not possible to formulate the laws (of quantum theory) in a fully consistent way without reference to consciousness". 

Eugene Wigner, the “silent genius,” 1963 Nobel Laureate for Physics (W)

 “The stream of knowledge is heading toward a non-mechanical reality; the universe begins to look more like a great thought than like a great machine.” 

Sir James Jeans in The Mysterious Universe

“Whatever matter is, it is not made of matter.” 

Physicist Hans-Peter Durr
“… the stuff of the world is mind stuff.” 
Sir Arthur Eddington in The Nature of the Physical World (331)

[SCHROEDINGER1] Thus, science finds itself addressing a problem it never anticipated: the problem of consciousness. Moreover, it is the toughest nut science has ever tried to crack. The fundamental issue is this: “Sensation is an abstraction, not a replication, of the real world” (Mountcastle, quoted in ISM 302), a fact on which Kant thought long and hard, as have many physicists. In the little gem of a book Mind and Matter, whose title suggests the reunification of the res cogitans and the res extensa,  Erwin Schrödinger borrows an example from fellow physicist Arthur Eddington (WLMM 120):

[DESK] Some may remember A. S. Eddington’s `two writing desks;’ one is the familiar old piece of furniture at which he is seated, resting his arms on it, the other is the scientific physical body which not only lacks all … sensual qualities but in addition is riddled with holes; by far the greatest part is empty space, just nothingness, interspersed with innumerable tiny specks of something, the electrons and nuclei whirling around. 

Eddington himself concluded: “The frank realization that physical science is concerned with a world of shadows is one of the most significant of recent advances.” (WLMM 121)

[SCIAM] Another recent realization of science is its own inadequacy to address the so-called hard problem of consciousness. A recent article on the nature of consciousness in Scientific American (Oct. 2007, 76) begins:

How brain processes translate to consciousness is one of the greatest unsolved questions in science.  Although the scientific method can delineate events immediately after the big bang and uncover the biochemical nuts and bolts of the brain, it has utterly failed to satisfactorily explain how subjective experience is created (emphasis added).

[SCHROEDINGER2] Schrödinger brilliantly encapsulates the dilemma for science in the following passage from Mind and Matter (WLMM 122):

So we are faced with the following remarkable situation. While the stuff from which our world picture is built is yielded exclusively from the sense organs as organs of the mind, so that every man’s world picture is and always remains a construct of his mind and cannot be proved to have any other existence, yet the conscious mind itself remains a stranger within that construct, it has no living space in it, you can spot it nowhere in space.
[ERIN2] Indeed, Erin! “Where is consciousness if you cannot poke it with your finger?”

[PARADIGMS] When the prevailing paradigm consistently fails to illuminate the problem, the paradigm may need to be overthrown. In the analogy of author Peter Russell, as in the days of Copernicus, science is again epicycling,
 trying desperately to explain the hard problem of consciousness from the perspective of a flawed paradigm.  What is needed is a “Copernican” shift. To Russell, science has been asking the wrong question. It has been asking:

How does consciousness emerge in a material universe?

To take liberties with Kant’s thought, the question that begs asking is this:

How does material reality arise in a conscious universe?

That is, what if consciousness itself is a primary attribute of all nature?

Synthesis [SYNTHESIS]
[JULIAN] "Man discovers that he is nothing else than evolution become conscious of itself (PM 221)." No statement better presages the dawn of the Third Copernican Revolution than that uttered by Julian Huxley, the grandson of Darwin’s “Bulldog,” his ardent defender Thomas Huxley. As we embark on the Third Copernican Revolution, it is impossible to foresee exactly where it will lead or what the new paradigms will be.  Still, some insights can be drawn from those who have perhaps seen further into the future than most.

[TEILHARD] One seer who speaks to me is Teilhard de Chardin. In 2005, 50 years following his death, conferences were convened around the world to celebrate Teilhard’s life and legacy.  Who was Teilhard, and why such interest, especially now?

First and foremost, Teilhard was a scientist, a paleontologist of the first rank. The caliber and quantity of his scientific work earned him induction into both of France’s premier scientific bodies and entry into several prestigious British societies.
Second, Teilhard was a man of faith, a Jesuit priest so devout that he wished to die on Easter Sunday, a prayer granted by a massive heart attack at 3 p.m. in the afternoon of April 10, 1955. And yet, as a scientist who studied human origins and carried a geology hammer on every outing, he embraced evolutionary theory with his entire being, writing (PM 219): 

[EVOLUTION] Is evolution a theory, a system, or a hypothesis? It is much more: it is a general condition to which all theories, all hypotheses, all systems must bow and which they must satisfy henceforward if they are to be thinkable and true.  Evolution is a light illuminating all facts, a curve that all lines must follow.

How did a man of such faith arrive at so bold a view of evolution? Are not science and religion at odds? Keenly aware of 20th-Century developments in cosmology, among them that the universe is expanding, having originated in a “primeval atom” (to use fellow scientist-priest George LeMaitre’s original term for the Big Bang), Teilhard grasped what others had failed to understand: that evolution applies not only to biology but to cosmic processes on the whole.  [COSMOGENESIS] From this recognition emerged his beautiful notion of cosmogenesis, which connotes a universe in continual creation. When was the moment of creation? Now! Needless to say, such bold views ran afoul of the religious orthodoxy. Forbidden to publish his theological thought, Teilhard acquiesced to his superiors and was banished to China for much of his life and to the US at the end of his life. Virtually all of his significant non-scientific works were published posthumously, including The Divine Milieu (DM), The Phenomenon of Man (PM), and the autobiographical Heart of Matter (HM).

[OMEGA] Third, Teilhard was a mystic, who, by being faithful to both his deep spirituality and his scientific understanding was able to fuse them into something altogether new. Although the cosmic evolutionary processes are random at one level, they are not directionless. However haltingly, evolution marches forward to create beings of greater biological complexity and of higher consciousness. Teilhard termed this process complexification and envisioned a distant goal of evolution, the Omega Point, toward which creation advances. Consciousness (or spirit to Teilhard), is not the by-product of evolution. To him it was clearly the goal of evolution.

[SHERRINGTON] As admittedly teleological as this view may sound, Teilhard was not alone. Sir Charles Sherrington, the 1932 Nobel laureate in physiology, expresses a congruent point of view (WLMM  136):

The universe of energy is we are told running down. It tends fatally towards an equilibrium which shall be final. An equilibrium in which life cannot exist. Yet life is evolved without pause. Our planet in its surround has evolved it and is evolving it. And with it evolves mind. 
From the tension between his scientific career and his Christian faith, Teilhard ultimately forged a remarkable synthesis of matter and spirit, thereby providing us, I believe, with a new paradigm to help is navigate the Third Copernican Revolution: 

[SPIRIT-MATTER] There is neither spirit nor matter in the world; the stuff of the universe is spirit-matter. No other substance but this could produce the human molecule.

To Teilhard, spirit and matter are but two sides of a coin; both are primary. Again, in his words (PM 56-60):

[WITHIN] Co-extensive with the Without, there is a Within to things … We have recognized the existence of a conscious inner face that everywhere duplicates the 'material' external face, which alone is commonly considered by science.

How then does consciousness emerge in a material universe?  It was there all along. And what the universe has been doing for 14 billion years is to distill that precious essence. Again in the poetry of the scientist-priest Teilhard (DM 60):

[SEAWEED] The labor of seaweed as it concentrates in its tissues the substances scattered, in infinitessimal quantities, throughout the vast layers of the ocean; the industry of the bees as they make honey from the juices broadcast in so many flowers--these are but pale images of the ceaseless working-over that all the forces of the universe undergo in us in order to reach the level of the spirit.
Conclusion

[NMAI] That all things in creation may have two faces—a material face and a conscious or spiritual face—may seem like a novel idea to many, and possibly a distasteful idea to some. However, it is in fact one of the oldest ideas on the planet. It was, I believe, to this notion that America’s great 19th Century psychologist and philosopher William James referred when he wrote:

The truth of things is after all their living fullness, and some day, from a more commanding point of view than was possible to any one in [a previous] generation, our descendants, enriched by the spoils of all analytic investigations, will get round to that higher and simpler way of looking at nature.

James foresaw, as did Teilhard, that analytical science would one day bring us full circle, back to the rejected aboriginal wisdom that spirit, soul, or consciousness, call it what you will, is primary. For after all, in Sanskrit, the oldest language upon the Earth, it is written:

God sleeps in minerals, awakens in plants, 

walks in animals, and thinks in humans.

[WORDSWORTH] To close, I would like to read from “Lines Composed a Few Miles Above Tintern Abbey,” written in 1798 by the great English Romantic poet William Wordsworth, whose wisdom cannot fail to awe:

For I have learned

To look on nature, not as in the hour

Of thoughtless youth; but hearing oftentimes

The still, sad music of humanity,

Nor harsh nor grating, though of ample power

To chasten and subdue. And I have felt

A presence that disturbs me with the joy

Of elevated thoughts; a sense sublime

Of something far more deeply interfused,

Whose dwelling is the light of setting suns,

And the round ocean and the living air,

And the blue sky, and in the mind of man;

A motion and a spirit, that impels



All thinking things, all objects of all thought,



And rolls through all things.
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Endnotes:



� Letter to Alfred Russel Wallace of July 12, 1871. Source kindly provided by Tori Reeve, Curator, English Heritage, London.


� Freud, Ges. Schr., X, p. 352 (from secondary source).


� � HYPERLINK "http://en.wikipedia.org/wiki/Nicolaus_Copernicus" ��http://en.wikipedia.org/wiki/Nicolaus_Copernicus�


� Nietzsche, The Gay Science, section 125.


� Gregg Henriques, Graduate Psychology, James Madison University, personal communication. Gregg defines sentience as the mind’s awareness of the external world and consciousness as higher-order sentience, the ability to reflect upon that awareness.


� Peter Russell, Keynote address, 2nd International Conference on Science and Consciousness, Albuquerque, NM, April 28-May 3, 2000.


� Currently unable to locate original quote.  Secondary source yields Teilhard de Chardin, Sketch of a Personalistic Universe, 1936.


� Currently unable to locate original source. Attributed to William James by Oliver Sachs in A Leg to Stand On.
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