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THE BELLS OF ST. MARY’S


Man is an imperceptible atom always trying to become one with God.

—Henry Adams, 1904



In the spring of 1941, as world war loomed, I was in second grade at Public School Number 12 in Bayonne, New Jersey. For several weeks I was dismissed early so I could attend Catechism at nearby St. Mary’s Catholic Church. My parents were Catholic, but they sent me to public school, despite being told in no uncertain terms by the priests and nuns at St. Mary’s that they were placing themselves in danger of eternal damnation.

My father was a Lithuanian immigrant, and my mother’s parents had been born in Hungary. The Lithuanian church, St. Michael’s, was too small to have a school, and there was no Hungarian church in a town where religion along with everything else was partitioned by ethnicity. We were outsiders in a working-class, immigrant neighborhood that was mostly Irish and Polish and as Roman Catholic as only the Irish and Polish can be. St. Mary’s was an Irish church, and I guess my parents did not think I would fit in. Later, in my teens, I found the Irish priests rather delightful when my newspaper route took me into the various bars where they hung out for free drinks. The nuns were scary, though, to a six-year-old—far more forbidding than the Protestant spinsters who taught in the public schools.

Those were the days when essentially only five respectable careers were open to women outside the convent: mother, secretary, nurse, librarian, or school teacher. Many of the most intelligent women became school teachers, so even public schools in poor neighborhoods were excellent. I would never have made it into the academic world without the start those wonderful women gave me.

Nevertheless, off to St. Mary’s it had to be for my preparation for First Communion. I still remember the nuns, with their indistinguishable bodies covered in black and fierce faces framed in white, drilling us in the Catholic Catechism. Q: “Who made the world?” A: “God made the world.” I have a bizarre memory of their explanation of the differences between mortal and venial sin: When you are free from sin, such as just after confession, your soul is white. When you commit a venial sin, such as eating meat on a Friday, your soul turns gray. And, if you commit a mortal sin, such as that most horrible one of all, missing mass on Sunday, your soul turns black!

Now I had no idea what a soul was. But my family had the usual pious pictures of Jesus and Mary on the wall, with light radiating from their sacred hearts. So it was natural for me to identify the soul with the heart, and I imagined my heart turning black when I missed mass.

The nuns also taught us the Our Father and Hail Mary, which I had already heard at home. I always recited the Hail Mary:


Hail Mary, full of Grace, the Lord is with thee. Blessed art thou among women, and blessed is the fruit of thy whom Jesus.



It never made any sense to me. Why was Mary full of my Aunt Grace, who lived on Staten Island? And no one ever corrected me by explaining that “thy whom” was supposed to be “thy womb.” That would have required them to tell me what a “womb” was, which was far too sexy for a six-year-old. So, “thy whom” it remained.

The most dreaded event that we prepared for was not First Communion but First Confession on the day before. I did not sleep well in the week prior to that awesome event. Then the fateful Saturday arrived. We all lined up outside the confessionals in the spooky, candle-lit chapel in the basement below the main church. Finally my turn came. I kneeled inside the even darker booth until the invisible priest pushed back the sliding window that separated me from his chamber. “Bless me Father, for I have sinned. This is my First Confession. I have lied ten times, disobeyed my parents five times, missed mass two times.” The bored priest responded: “Say five Our Fathers and ten Hail Marys” (or whatever), and it was all over.

It felt as if a great weight had been lifted from my head as I moved to the altar to do my penance. I walked away from the church with an immense feeling of serenity and harmony with God. I can understand, from my memory of visits to the confessional, how people have mystical experiences that they associate with great powers beyond themselves and how rituals can trigger these experiences.

My peace after First Confession, however, was short-lived. Several classmates who had been behind me in the confessional line caught up and started to tease me. I had spoken too loud (something I generally do, being deaf in one ear), and they had heard my every word in the confessional. “I have lied ten times, disobeyed my parents five times, missed mass two times, hah, hah, hah.” How mortifying!

When I was growing up, Bayonne was an oil-refining town just across the bay from Manhattan, near the Statue of Liberty. It had about 70,000 people, of which I would guess over 50,000 were first-or second-generation immigrant Catholics from eastern Europe and somewhat earlier-generation Catholics from Ireland and Italy. The remainder of Bayonne’s population was comprised of a few thousand well-educated Jews, who owned almost all the businesses and were most of the doctors, lawyers, and dentists. Also included were a handful of Protestants, who were largely factory workers like the Catholics or had somewhat better jobs such as office work or teaching in the public schools. There were also a few thousand “negroes,” who were regarded as another species though I often played ball in the parks with them.

Religion was an obsession among Bayonne Catholics. I never ran into an evangelical or fundamentalist Protestant. Nevertheless, no one would ever admit to being an atheist. At least, I never heard of anyone doing so.

Actually, my P.S. 12 teachers were about the only Protestants I met, aside from my mother’s friend Mrs. Rehill and her family. There were a few Jewish families who lived a half-block away on the corner of Avenue A and Tenth Street and ran the corner grocery and candy stores. I played with Leonard Goldberg. Once he invited me to the Jewish Community Center where some of the stars from my favorite Saturday morning radio program, Let’s Pretend, were doing a show for kids. I entered the hall with great trepidation, expecting to be struck down by lightning. The nuns had warned us never to enter a Jewish synagogue or Protestant church on pain of Hell. Since the hall was not a synagogue, my mother figured it was okay and let me go.

Religion was supposed to be a comfort to the working people of Bayonne, whose lives were hard, though far from oppressive. They had experienced the Depression, World War II, and then the threat of communism and nuclear holocaust, all while I was growing up. Brothers and husbands had died in war or suffered injury. Parents aged quickly and spent their last days in pain.

Two of my older cousins died as children, and a playmate suddenly succumbed to polio. A child next door was killed by a car on Avenue A. The parents in these tragedies grieved to the point of madness and never truly recovered. I do not think their religion gave them any peace. In fact, I am convinced that a great portion of their intense pain was the result of guilt brought upon them as a direct result of their faith. Although their well-meaning and sympathetic priests assured them it was not their fault but simply God’s will, the parents spent the rest of their lives agonizing over why God would have done this to them except as a punishment for their sins. They might have been able to handle it better had they been nihilists and simply regarded their tragedies as random events in a meaningless cosmos. Then, after recovering from their initial grief, they might have gone on with more normal lives. But I know what a difficult position that is to take.

Most people in Bayonne, like folks in similar towns across the country, had little education and could neither verbalize nor intellectualize their problems very well. They just suffered them. They listened eagerly when the priests promised them everlasting life in paradise, where they would be reunited with their departed loved ones, but this was not enough when the suffering and guilt were unbearable.

The parish priests did their best, and I fault them little. They operated within a framework developed over centuries that would not have survived this long if it did not give people something they wanted, no matter how insufficient. Many years later when my father lay dying, I rushed to Bayonne from England, where I had been spending a sabbatical at Oxford. After my father’s funeral service at St. Michael’s, my brother and I were escorting our mother down the aisle when we were met halfway down by the priest who had performed the ceremony. Mother had not participated in the communion and in front of the whole congregation explained to the priest: “Father, I just did not have time to go to confession.” The priest looked at her with great compassion, made the sign of the cross in front of her eyes, and said simply, “Your sins are forgiven.” Even though by that time I regarded the existence of God as very unlikely, I still felt better. I know Mom did. Brother Bill, by then a devoted member of Herbert Armstrong’s Worldwide Church of God, kept his thoughts to himself.

As I grew up in Bayonne, I increasingly disagreed with my Catholic friends and family. Although memories can be quite inaccurate, I recall that this happened as the result of my own reading and thinking, without the influence of a single person with whom I talked face-to-face, heard on the radio, or saw on television. I do not recall meeting anyone—no teacher and certainly no family member—who was not a believer, or, at least, admitted nonbelief. I do not recall reading any atheist or agnostic literature. This was as hard to find as pornography, and I found little of that, either.

My mother became increasingly religious as she got older. My father rarely went to church, but he remained a Catholic and always expressed belief in God. He did not argue with me about my views—although he and other older relatives often told me to keep my mouth shut. They said I had no business questioning the authority of the Church. While they succeeded in keeping me from expressing my thoughts too openly, they had no effect on those thoughts. As long as I kept my mouth shut, they left me alone.

I now understand my father’s position, although I did not at the time. He had grown up fighting on the tough streets and was very familiar with the political corruption of the Hudson County machine and the activities of organized crime. He had not prospered from this knowledge, because he was an honest and moral man, and he avoided trouble by keeping his mouth shut.

As I learned later when I lived in Hawaii, the Japanese have an expression that describes this cautionary attitude that they drill into their children: “The nail that sticks out gets hammered back down.” But I was not subject to the same pressures as my father and quickly learned the opposing New Jersey credo: “The squeaky wheel gets the grease.”

Like most of the immigrants of his generation, my father was just glad to be in America. He usually said he was born in Brooklyn, not Lithuania, and never dreamed of going back, even for a visit. “God bless America!” was the common toast heard at family holiday dinners. Despite the heavy hand of authority hanging over them from the Church, corrupt officials, and the factory floor, the immigrants and their children were still far freer than those left behind in the Old Country. They were grateful for the few handouts and other favors that the political machine arranged to ensure their votes. They did not mind being told what to do by the Church, either, if it would guarantee for them a better life beyond the grave. And they certainly were not going to buck the Mafia.

The Catholic Church’s authority had come down in an unbroken line of popes from Peter, according to what the priests told their parishioners. They never mentioned Pope Sixtus IV, for whom the Sistine Chapel is named, earning for himself an extra income of 30,000 ducats a year from the brothels of Rome. Neither did they talk about Pope Alexander VI, who had ten illegitimate children and surely broke some kind of record: sleeping with the women of three generations—his mother, his mistress, and his daughter (the infamous Lucrezia Borgia).1

Whenever I brought up such unpleasant facts or questioned Church teachings, I was told, in effect: Who are you to think you are smarter than the priests, bishops, pope, and almost two thousand years of revelation? What kind of world would this be if everybody decided for himself what was right or wrong?

It was not that I thought I was smarter. I had simply explored science and found what seemed to me a far more powerful authority And I did not steal or murder because I thought they were wrong, not because I feared damnation.

I had become fascinated with science after World War II, particularly the nuclear bomb. I recall listening to the Bikini atoll tests on the radio, and I read every book I could find in the library on what was then called “atomic energy.” To have such awesome power, science had to possess something special.

By contrast, I saw little power in the religion all around me. The priests comforted the sick, but the doctors cured them. And when the doctors could not, all that praying and blessing did not change the outcome.

The power of science was evident everywhere, and none of it came from the Bible or other sacred texts. In fact, science seemed to have developed in opposition to religion and to have triumphed despite this formidable opposition.

Of course, I am expressing these thoughts from my current, comparatively sophisticated perspective decades later. I certainly did not have these ideas clearly formulated in my thoughts back then. But, jumbled and dimly perceived as it was, my thinking steadily flowed like solar particles toward a scientific pole that was clearly opposite to the pole of religious thinking toward which the thoughts of those around me flowed.

A visit to the Hayden Planetarium in Manhattan only accelerated this flow, as I added astronomy to my reading list. I was enthralled by the paintings of the planets and moons by Chesley Bonestall, imagined myself cruising the solar system, and worried that I would be too old to be first to fly to the moon. It turned out I was too young.

I learned that Earth was only a small planet circling one of billions of stars in one of billions of galaxies. This struck me then, and it still strikes me now, as the very antithesis of the biblical view of Earth residing at the center of a universe, created by God as the home of his special creation, formed in his image, Man.

This conclusion was further reinforced in my readings on biological evolution. I remember thinking how much sense it made, and excitedly telling others about it. I assumed they would see the sense, too, once I pointed it out. But they did not.

My library searches had even uncovered a book by a Catholic priest, complete with Church imprimatur, that explained how the Church did not forbid belief in evolution. By that time the influence of Jesuit paleontologist Pierre Teilhard de Chardin had been felt, and Catholic theologians were beginning to view evolution as one more piece of evidence for design in the universe, with Man at the pinnacle of natural progress following the laws set down by God at the Creation. I tried to explain this to those around me, but no one listened. I suppose that was just as well, because this (teleological) interpretation of evolution assumed humans to be evolving toward some predetermined state, which is not at all what the theory of evolution implies. As I discovered much later, biological organisms exhibit many qualities that indicate a largely random process of evolution, guided only by natural selection and the limitations of physical law.

As I learned more about physics, it began to seem reasonable to me that an all-perfect God would have created the universe complete with physical laws that would lead to his desired ends without further intervention. Such intervention would be unnecessary since the laws would, by the nature of God, have to be perfect to begin with. The galaxies, stars, planets, and life would all develop naturally, according to God’s plan. Later I learned that this was the view of the deists of the Enlightenment.

The big bang theory had not yet been developed in those days, but it would later become a major element in the teleological-theological scheme that I had been gradually absorbing from my reading. In 1951 Pope Pius XII offered the big bang as a “proof” of creation ex nihilo and the existence of a creator. This, along with sophisticated arguments about how the universe seems to be fine-tuned for life, forms part of a modern version of the argument from design that we will consider in detail later.

The natural theology of a world machine operating according to God’s laws, inexorably moving toward the ultimate fulfillment of his plan, had developed from the time of René Descartes and Isaac Newton. It was fortified by interpretations of the discoveries of Charles Darwin and Albert Einstein to become, in generic terms, the common view still held by scientists and those theologians who have adapted scientific perspectives to suit their needs. While their image of God ranges from the personal savior of Christianity to the impersonal order of nature, many scientists and theologians today see the scientific search for a theory of everything (TOE) as an attempt at reading the “mind of God.”

By the time I attended the Newark College of Engineering (now New Jersey Institute of Technology), I had stopped going to church. Later, while in graduate school at the University of California at Los Angeles (UCLA), I started attending the Westwood Community Methodist Church on Wilshire Boulevard. With its millionaires and celebrity parishioners (I once shook Richard Nixon’s hand, after an Easter Sunday service), it was a far cry from St. Mary’s. I had some interesting theological discussions with the liberal, sophisticated ministers. But my interest in Westwood was not theological but rather singing in its spectacular choir and meeting girls. Indeed, I met my wife at Westwood.

After marriage and my doctorate in physics, my wife and I moved to Hawaii where we resided and raised two children until our recent relocation to Colorado. Our lives were enjoyably interrupted by sabbaticals at the University of Heidelberg in Germany, Oxford in England (twice), and a national laboratory in Italy. We spent many summers elsewhere, in delightful places ranging from Berkeley, California, to Aspen, Colorado, and Florence, Italy. We were in Russia when communism was falling; we were in Berlin when the Wall was coming down, and have souvenir pieces that are probably worth something today.

During these years I participated in the most exciting period of the development of elementary particle physics. This was an era of abundant government funding for science, motivated by the Cold War, and I happened along at the right time. I collaborated in some of the experiments that made important discoveries, such as charmed quarks and gluons, and had a major role in the development of high-energy neutrino astronomy. In my last research project, I was one of the 120 physicists who produced strong evidence that the neutrino has mass.

I mention this, not to toot my own horn, but to establish my credentials as a legitimate, mainstream scientist who is very familiar with the process by which new, fundamental knowledge about the nature and structure of the universe is gained. I was there, working and watching from close-up, when all the important discoveries in physics and astronomy of the second half of the twentieth century were being made. I first heard Richard Feynman lecture on quantum mechanics in 1956. I have talked physics, oneon-one, with Feynman, John Bell, Steven Weinberg, and other celebrated physicists of the era. I have heard many others lecture, and I have read their papers and books.

From this experience, I have learned what science asks of us when we claim the existence of an extraordinary new phenomenon. It requires much, including years of hard work, uncompromising honesty, and willingness to accept failure. I can quickly recognize fallacious logic or faulty experimental procedure when I read a paper that purports to observe something that goes beyond existing knowledge. I am dubious and suspicious whenever an important result has been obtained too easily or too quickly, and reported in the media before it has run the gamut of critical review by disinterested, knowledgeable parties.

By the time I reached my fiftieth year, in 1985, I started looking beyond the teaching and research that had occupied me full time until then and returned to the more philosophical concerns that first caught my attention as a youth. I started a second career, writing and speaking on subjects where my knowledge of physics and astronomy intersected with philosophy, theology, and in areas where claims were being made on the fringes of science.

I began to publish on these subjects in 1988, with Not by Design: The Origin of the Universe. In that book I attempted to show that no principle of physics was violated by a universe that appears from nothing. Neither the first law of thermodynamics (conservation of energy), nor the second law (an isolated system left to itself will not become more orderly on the whole). I tried to explain the basic physics and cosmology for the general reader and described the latest models. In the present book, I will revisit and extensively update these ideas and explore the new territory that has come to light during the recent rapid development of the science-religion dialogue.

Since my goal has always been to understand the fundamental nature of the universe, I also began to probe the connection between physics and paranormal phenomena. I discovered the large body of popular literature that promoted psychic claims. Many authors were asserting that extrasensory perception (ESP), mind over matter, and other wonders were supported by scientific evidence. The dramatic implication was that a scientific basis existed for the reality of spiritual forces.

This led to the 1990 publication of my second book, Physics and Psychics: The Search for a World Beyond the Senses. There I examined the evidence for psychic phenomena from my particular physics perspective. I found that the data did not support the extravagant claims being made for psychic phenomena. While much of the work in this field was being done by physicists, no more than two or three of these reports had been published in reputable journals such as Nature or the Physical Review. Furthermore, nothing published anywhere came close to meeting the kind of stringent criteria my colleagues and I were used to seeing applied by these journals to our own published work.

I was astonished to discover that quantum mechanics was being widely used by promoters of paranormal claims to provide a supposed theoretical justification for the mind’s ability to communicate with other minds, move objects, and, in effect, control reality. Lately, this dubious quantum connection has been picked up by those who promote nonscientific alternative medicine. My mainstream physics colleagues and I reacted in dismay when we heard these bizarre assertions, often made by physicists. My response was to write The Unconscious Quantum: Metaphysics in Modern Physics and Cosmology, which appeared in 1995.

This book was not intended as a polemic against ideas that were outside the consensus of physics. I probed deeply into the philosophical disputes over the interpretation of quantum mechanics that, like most physicists, I had hardly known existed. To us, quantum theory was undisputed. Paranormalists, however, saw an opening for their mystical beliefs in the lack of agreement among experts on what some of the strange behavior observed in quantum experiments implied about underlying reality and the role of human consciousness.

While my intense study of this matter did not lead me to change my opinion that quantum mechanics was being grossly misused by the paranormalists, I discovered that the quantum offers a rich source of profound speculation about the nature of reality that was not available to philosophers and theologians of previous centuries. Indeed, I began to wonder how any philosopher writing before 1925 could have said much at all about reality, not knowing about quantum mechanics or, equally significant, Einstein’s theories of relativity.

I began to see that my many years spent in particle physics probably positioned me closer to glimpsing the nature of reality than any pursuit of philosophy could have done. That is not to denigrate the brilliance of the philosophers of previous centuries; they simply lacked an important piece of reality’s puzzle. Thought, without the data on which to structure that thought, leads nowhere.

Reality is what kicks back when you kick it. This is just what physicists do with their particle accelerators. We kick reality and feel it kick back. From the intensity and duration of thousands of those kicks over many years, we have formed a coherent theory of matter and forces, called the standard model, that currently agrees with all observations.

I described the picture of reality that is implied by these discoveries in my next book, Timeless Reality: Symmetry, Simplicity, and Multiple Universes, published in 2000. Basically I argued that the model of reality suggested to us by modern physics and cosmology is a modernized version of the conceptually simple and purely material one proposed by Democritus and Lucretius over two millennia ago. In this model, localized fundamental bodies move around in an otherwise empty void, interacting with one another only when coming in contact or exchanging other bodies.

Furthermore, the space-time manifold that is used to describe the behavior of these bodies requires no special origin or direction. This fact alone is sufficient to give our universe most of its basic, global laws: the conservation principles of energy, momentum, and angular momentum, along with the results of Einstein’s theories of relativity In particular, the absence of a preferred direction or “arrow” of time at the fundamental level is strongly implied by quantum experiments. The refusal of many physicists to accept this fact and to force the psychological time arrow of everyday human experience into their descriptions of quantum experiments leads to the appearance of the so-called quantum paradoxes and the unnecessary introduction of bizarre and mystical elements into quantum mechanics that give such aid and comfort to paranormalists.

The phrase “timeless reality” calls into question some of the most basic notions that appear in theology and metaphysics. No beginning of time implies no creation. No special direction of time implies no distinguishable cause and effect. In Has Science Found-God? I will demonstrate how powerfully these ideas impact philosophy and theology and attempt to show why much recent as well as ancient thinking about the nature of reality has to be greatly modified in the light of the developments of modern physics and cosmology.


NOTE

1. Peter De Rosa, Vicars of Christ: The Dark Side of the Papacy (London: Corgi Books, 1988).









TWO

THE MENACE OF DARWINISM


The universe we observe has precisely the properties we should expect if there is, at bottom, no design, no purpose, no evil and no good, nothing but blind pitiless indifference.

—Richard Dawkins, 1995




THE DANGER OF THE SIMPLE

The popular perception of the history of science is an imagined series of revolutions in which old theories are abruptly cast on the dustheap as new theories take their place. This scenario was bolstered by physicist-philosopher Thomas Kuhn, whose widely read The Structure of Scientific Revolutions introduced the now familiar term paradigm shift to our common vocabulary.1 However, the notion that science proceeds by abrupt transitions is, at best, an exaggeration. Nobel laureate-physicist Steven Weinberg maintains that the history of science shows only a few examples of true Kuhnian mega-paradigm shifts.2 In fact, most of the changes that take place in science are gradual, with old theories often remaining in use long after new ones have come along. New theories tend to expand into new territory rather than take over the old.

For example, classical Newtonian physics still constitutes the bulk of the physics curriculum and remains in wide use a century after the quantum revolution supposedly showed that it was “wrong.” Weinberg notes that even Kuhn, who was his colleague at Harvard, taught classical physics to his students. Quantum mechanics encompasses the classical domain, but its unique applications occur in other domains, such as the atomic and subatomic, in which no data to check against theory existed at the time Newtonian mechanics was being developed.

Nevertheless, at least two scientific advances in the last half-millennium merit the label of major or mega-paradigm shifts: (1) Copernicus’s sixteenth-century proposition of Earth’s motion around the Sun, and (2) the nineteenth-century hypothesis of the evolution of species by natural selection put forth by Charles Darwin and Alfred Russel Wallace in 1859.

Both of these developments moved human thinking into new territory, but they also took over the old, displacing previously existing, deeply entrenched systems of thought. Most notably, they explicitly contradicted traditional beliefs based on holy scriptures that were believed to infallibly reveal the word of God. At the time it appeared, each proposal was seen as a mortal threat to the Christian faith. In this chapter we will see how Darwinism is still regarded by a vocal minority of Christian believers, mainly in the United States, to be such a deadly menace to their faith that it must be fought against by every possible means, fair or foul.

It should be kept in mind that modern evolutionary theory has advanced far beyond Darwin’s original ideas, most notably in its discovery of the basic molecular mechanism involving DNA. Furthermore, other natural processes besides natural selection are thought by some to play a role. While definitions may differ, I will use the term Darwinism to refer to the evolution of biological organisms by the purely natural processes of chance and natural law.

The sixteenth-century Roman Church forced Galileo to dis-avow any implications from his writings that the Copernican theory of the solar system was a fact of reality and not simply a mathematical model, as Copernicus’s publisher had carefully declared. Scripture is quite precise in stating that Earth is the immobile center of the universe: 1 Chron. 16:30 says, “Yea, the world stands firm, never to be moved.” Ps. 104:5 affirms, “Thou didst set the Earth on its foundations, so that it should never be shaken.” Similar references can be found in Ps. 93:1 and 96:10.3

Nevertheless, within a century or so after Galileo, theological resistance to the Copernican cosmology had largely dissipated. The supporting evidence was simply too overwhelming, and religion had to adapt or die. In a kind of natural selection, it adapted and sanctioned the notion that Earth, in reality, moves about the Sun. However, this forced churchmen to admit that what is written in the Bible cannot always be taken literally Thus began the art of apologetics in which the writings in the Bible are reinterpreted so as to conform with new knowledge, no matter how contradictory that knowledge may be to the most straightforward reading of the words therein.

By the nineteenth century, ecclesiastical power had greatly diminished in Europe, and Darwin did not meet the same fate as Galileo. In fact, he ended his illustrious life interred alongside Newton in Westminster Abbey. (Galileo rests in a place of honor in Santa Croce cathedral in Florence.) Still, what philosopher Daniel Dennett has called “Darwin’s dangerous idea,” that humans and other living things evolved from less complex forms of life by purely natural processes unguided from above,4 was hardly accepted with open arms at the time. Today, Darwin’s dangerous idea remains the primary battleground in the war between science and fundamentalist religion.

In his monumental work, A History of the Warfare of Science and Theology in Christendom, published in 1896, Andrew Dickson White, the first president of Cornell University, reported the reactions of churchmen when Darwin’s theory exploded on the scene. The following quotations, unless otherwise indicated, are taken from a 1993 reprint of White’s work, which can be consulted for the original references.5

Bishop Samuel Wilberforce of Oxford (d. 1873) protested that “the principle of natural selection is absolutely incompatible with the word of God. [It] contradicts the revealed relations of creation to its Creator.” Wilberforce, interestingly, uses an argument from parsimony similar to what we hear from modern theists, that there is “a simpler explanation of the presence of these strange forms among the works of God … the fall of Adam.” Scientists also rely heavily on parsimony, and most see nature as the simpler alternative to God.

Wilberforce is notorious as the unlucky recipient of a zinger from “Darwin’s bulldog,” Thomas Huxley (d. 1895). During a confrontation at Oxford in 1860, Wilberforce, tongue-in-cheek, inquired of Huxley whether it was through his grandfather or grandmother that he claimed descent from a monkey. Huxley replied, “I would rather be the offspring of two apes than be a man and afraid to face the truth.”6

White quotes an unnamed theological authority who lamented the depth of the implications of Darwin’s idea: “If the Darwinian theory is true, Genesis is a lie, the whole framework of the book of life falls to pieces, and the revelation of God to man, as we Christians know it, is a delusion and a snare.”

An unidentified representative of the American branch of the Anglican Church agreed with this dire assessment: “If this hypothesis be true, then the Bible is an unbearable fiction … then have Christians for nearly two thousand years been duped by a monstrous lie.”

A certain Dr. Schund in Germany likewise viewed evolution as marking the death of Christianity, contending that “every idea of the Holy Scriptures, from the first to the last page, stands in diametrical opposition to the Darwinian theory…. If Darwin be right in his view of the development of man out of a brutal condition, then the Bible teaching in regard to man is utterly annihilated.”

Following a pattern that continues to the present day, many books appeared that purported to “disprove” Darwin. In 1877, a French physician, Dr. Constain James, published On Darwinism, or the Man-Ape. Pope Pius IX (recently beatified on the road to sainthood) was delighted, writing to the author that he “refuted so well the aberrations of Darwinism…. [A system] which is repugnant at once to history, to the tradition of all people, to exact science, to observed facts, and even to reason itself, would seem to need no refutation.”

It is interesting to note that the pope’s objections were not stated in theological but in scientific terms, referring to “observed facts” and “reason.” He continued in that vein, “But the corruption of this age, the machinations of the perverse, the danger of the simple, demand that such fancies, altogether absurd though they are, should—since they borrow the mask of science—be refuted by true science.” The pope, in contradiction to Wilberforce, seemed to accept evolution as the simpler explanation but warns of “the danger of the simple.” And he calls upon science, not theology, to refute Darwinism.

Not all theists reacted unfavorably to Darwinism. White relates that the “High Church party” at Keble College in Oxford (where I once had the privilege of dining at High Table) called evolution “an advance in our theological thinking.” The bishop of London argued, “It seems something more majestic, more befitting him to whom a thousand years are as one day thus to impress his will once and for all on his creation, and provide for all the countless varieties by his one original impress, than by special acts of creation to be perpetually modifying what he had previously made.” And, despite the pronouncements of Pius IX, a statement from American Catholic sources declared that “the doctrine of evolution is no more in opposition to the doctrine of the Catholic Church than is the Copernican theory or that of Galileo.”

By mid-twentieth century, the Catholic Church had largely accepted some aspects of evolution, or at least allowed Catholics to study it without pain of damnation. In a 1950 encyclical, Humani Generis, Pope Pius XII ruled that the “teaching Authority of the Church does not forbid … research and discussions … with regard to the doctrine of evolution.”7 The Church position was substantially updated in 1996 by Pope John Paul II, who stated before the Pontifical Academy of Sciences:


Today, almost half a century after the publication of the encyclical, new knowledge has led to the recognition in the theory of evolution of more than a hypothesis. It is indeed remarkable that this theory has been progressively accepted by researchers, following a series of discoveries in various fields of knowledge. The convergence, neither sought nor fabricated, of the results of work that was conducted independently is in itself a significant argument in favor of this theory.8



Some dispute exists on the proper translation of the original French, “plus qu’une hypothesis.” Did the pope say “more than a hypothesis,” or did he mean that there was “more than one hypothesis’?9 Reading the whole document, however, makes it clear that the pope was not disputing the scientific validity of the evolution of the material body. However, he strongly opposed any theory in which the mind is purely an evolved property of matter:


Consequently, theories of evolution which, in accordance with the philosophies inspiring them, consider the mind as emerging from the forces of living matter, or as a mere epiphenomenon of this matter, are incompatible with the truth about man. Nor are they able to ground the dignity of the person.10






THE SCIENCE OF EVOLUTION

The battle over the validity of evolution has been publicly posed as a scientific one. However, you will find little sign of it in scientific journals, in which such quarrels as exist are over details, not the basic concept. Since Darwin’s time, the empirical evidence in support of natural selection has multiplied manyfold. Evolution has proved so useful as a paradigm for the origin and structure of life that it constitutes the foundation of the sciences of biology and medicine.

We know so much more today than Darwin did, and what we have learned has deeply confirmed his essential intuitions and inferences. Most important, we now understand the fundamental ingredients of genetics and the role played by DNA. All of these developments have confirmed evolution’s basic mechanism. Today, the intimate connections between all living things, their histories and common origin, can be read in their genomes. As I write, the results of the human genome project have just been published. The genome of every living organism that has been studied to date shows many common DNA sequences, providing strong evidence that all life arose from the same source—just as posited by Darwin. The evolution by natural selection of bacteria, fruit flies, and other organisms has been observed firsthand in the laboratory.11 Evolution has proved an invaluable tool in medical research. Undoubtedly, many lives have already been saved because of the knowledge provided by evolutionary theory.

While, as we will see below, considerable debate exists on what criteria define an activity as being scientific, there can be little dispute that evolution is science. It deals with empirical observations and makes many testable predictions that have been confirmed. In particular, evolution by natural selection, as originally posed by Darwin and Wallace, was eminently falsifiable!

At the time of Darwin and Wallace, most people believed that the age of Earth was on the order of 6,000 years, as indicated in the Bible. Geologists were just beginning to gather evidence for a much older Earth, and this knowledge had a great influence on Darwin, who took Charles Lyell’s classic Principles of Geology with him on the voyage of the Beagle.

In the first edition of On the Origin of the Species by Means of Nat ural Selection, Darwin made a crude estimate of Earth’s age, based on geology, of the order of several hundred million years. This, he reasoned, was sufficiently long for the processes of natural selection to take place and produce the wide range of species on Earth.

The great physicist William Thomson, later to become Lord Kelvin, disputed Darwin’s estimate, arguing that Earth had a much lower age. Thomson had made major contributions to thermodynamics, formulating the second law of thermodynamics and establishing the absolute temperature (Kelvin) scale. At the time, the only known sources of energy that could account for solar radiation were chemical and gravitational. Thomson calculated the age of the Sun for each mechanism and found that gravity gave the largest value, on the order of a few tens of millions of years. Earth could not be older than the Sun, and this was a factor of ten lower than Darwin’s estimate of the age of Earth. Using thermodynamics, Kelvin also calculated that the temperature of Earth would have been too high even as recently as a million years ago to allow for life.

Thus, based on the best physics knowledge of Darwin’s day, evolution by natural selection was highly suspect. Darwin admitted as much in a letter to his cofounder Wallace: “Thomson’s views on the recent age of the world have been for some time one of my sorest troubles.” If Thomson’s conclusions had been correct, evolution by natural selection would have been falsified.

But Thomson’s conclusions were wrong, and Darwin’s theory was not falsified. Thomson cannot be faulted, for he used the best information available at the time. However, with the discovery of nuclear energy early in the twentieth century, a new source of energy became known that was far more efficient than either gravity or chemical reactions. This provided a third and more accurate basis for calculating the Sun’s age. Furthermore, the natural nuclear radioactivity of Earth provides significant heat and upsets Thomson’s calculation for the rate of cooling of Earth.

By mid-twentieth century, the nuclear processes that fuel the Sun were well established and described by theory. By the end of the century, the observation of neutrinos from the Sun (including an observation in which I participated) had directly confirmed the validity of a nuclear source of energy for the Sun and a potential lifetime on the order of ten billion years.12 Prior to this, radioactive dating also verified that Earth is several billions of years old, and paleontologists have found signs of life going back almost that far.

In short, evolution is as close to being a scientific fact as is possible for any theory given that science is open-ended and no one can predict with certainty what may change in the future. The prospect that evolution by natural selection, at least as a broad mechanism, will be overthrown in the future is about as likely as the prospect of finding out some day that Earth is really flat. Unfortunately, those who regard these scientific facts as a threat to faith have chosen to distort and misrepresent them to the public.




THE CREATIONISTS

By the end of the Victorian era, Darwinian evolution had become widely accepted by the intellectual elite in Britain, including many churchmen as well as scientists. Being mainly confined to scholarly circles, however, this knowledge did not seep substantially into public consciousness. In particular, the great majority of Americans continued to believe in special creation as described in the Bible. They were not hearing from the pulpit what was being discussed in the top divinity schools. Gradually, the press began to take note of the stark contradiction between evolution and common belief, and by 1890 or so the creation/evolution debate had moved into the public arena where it has remained, at or near the surface, to the present day.

As mentioned, what little smoke rises from the pages of biological journals is produced by conflicts over details, not the basic validity of natural selection. For a century now, the creation/evolution war has been fought not in academia but on political and legal fronts, in the media, legislatures, school boards, and courtrooms.

These venues are not particularly noteworthy for their dedication to the establishment of truth. Even with their elaborate formalities, the courts are primarily configured to settle disputes and declare winners and losers. Truth is often sacrificed in the name of another noble ideal—justice.

In the political arena, truth is even lower on the agenda. One can hardly imagine a politician these days gaining reelection by always telling the truth, though they all profess a commitment to “honesty” and “integrity.” Similarly, the journalistic media pay lip service to truth, but commercial interests and political correctness rule supreme in that domain.

While truth may be difficult to define, and even more difficult to establish, at least science sets it above all else. The self-correcting nature of the system makes it virtually impossible for scientific fraud to succeed for very long. Scientists are not more or less moral than anyone else, but they are engaged in an enterprise that has evolved methods that make dishonesty a poor strategy for success. Most likely, the great power and success of science is as much, or more, the result of its institutions as of the merit of its individual practitioners.

Once the dangerous idea of evolution moved out of the ivory tower into the open, powerful forces went to work to suppress it. These forces apparently feared an undermining of the social fabric by which they maintained their power. Religion has always been a tool to hammer the masses into line, wielded by those in power to justify their positions by divine right. Asserting their power, in the 1920s the legislatures of the states of Oklahoma, Tennessee, Mississippi, and Arkansas banished the teaching of evolution in public schools.

The tension between opposing forces reached a peak in the famous Scopes “monkey trial” that took place in Dayton, Tennessee, in 1925. A high school teacher named John Thomas Scopes was tried for teaching evolution. His chief prosecutor was renowned orator William Jennings Bryan, three-time losing Democratic candidate for president of the United States. Scopes was defended by celebrated lawyer and freethinker Clarence Darrow.

Bryan argued, “democratically,” that a few thousand scientists should not dictate to forty million Christians what should be taught in schools. While he relied on the support of the majority, he also sought scientific backing for his position. A handful of scientists of the time had written antievolutionary tracts, but they proved to be either unwilling or unsuitable witnesses. Bryan could not find two who agreed with each other.13

Although Scopes was found guilty and fined $100 (later overturned on a technicality), Darrow, aided by the acerbic pen of reporter H. L. Mencken, triumphed in this public-opinion skirmish. Bryan died a few days after the completion of the trial.




THE CREATION SCIENTISTS

Although creationists continued to work, with some success, to limit the amount of evolution taught in schools, the conflict did not break out into the headlines again until the 1960s, with the rise of creation science.

The leader of the new movement was a hydraulic engineer, Henry M. Morris. In 1961 Morris and John C. Whitcomb Jr. published The Genesis Flood, which argued for the recent creation of the universe and a worldwide flood that laid down all the geological strata in one year.14 Although it wildly disagreed with conventional geology, The Genesis Flood appeared to nonexperts as a legitimate scientific publication that brought intellectual respectability to the biblical accounts.

This set the pattern for the creationist strategy that has continued to this day: Conduct research and publish articles and books with the goal of establishing an ostensible scientific basis, in the public mind, for the creation story described in Genesis. In 1963 Morris and others formed the Creation Research Society (CRS). Members were required to be Christians and sign a statement of belief accepting the inerrancy of the Bible. Notably, this is incompatible with the unspoken oath of every scientist to pursue the truth whatever it may be, whether one likes the outcome or not. The CRS projects included “scientific expeditions” to search for Noah’s ark. In addition, “theoretical studies” were launched to demonstrate the recent origin of Earth, in which the conclusion was known before the data were gathered. A journal, Creation Research, was established with the intention of allowing creation scientists to claim publication in a “peer-reviewed” scientific publication. Their peers were, of course, other creation scientists.

In 1972 an Institute for Creation Research (ICR) was established in San Diego under Morris’s leadership. He made the purposes of this institution very clear:


The approach we try to take here [ICR] is to assume that the word of God is the word of God and that God is able to say what He means and means what He says, and that’s in the Bible and that is our basis. And then we interpret the scientific data within that framework.15



On the current (as of this writing) Web site of the CRS, I found the following in its statement of belief:


The Bible is the written Word of God, and because it is inspired throughout, all its assertions are historically and scientifically true in the original autographs. To the student of nature this means that the account of origins in Genesis is a factual presentation of simple historical truths.16



The record shows that nothing on creation science of scholarly merit has been published in the scientific literature by anyone associated with these organizations. A search by Eugenie Scott and Henry Cole of sixty-eight journals to which scientific creationists could submit articles failed to find a single published paper by people associated with ICR.17 Of the 135,000 total submissions to these journals from 1980 to 1983, only18 dealt with empirical or theoretical support for creationism. At the time of the Scott and Cole study, 3 were still pending and 12 had been rejected for poor scholarship. The editors commented that the articles seemed to be written by laymen rather than professional scientists. The situation has not materially changed in the time since this study.

Nevertheless, the creationists established, in their own minds and the minds of many laypeople, the legitimacy of creation science. Sniffing votes in all this, the politicians went back to work exploiting the situation. The new strategy was no longer to eliminate the teaching of evolution, an approach that the U.S. Supreme Court had declared unconstitutional in 1968. Rather, equal time would be demanded for what creationists saw as two alternative scientific models, creation and evolution. The line became that it is dogmatic and thus very unscientific to teach a single model of human origins—evolution—when that model is “deeply flawed” and creation science is a viable alternative.

The use of the term “model” here, in place of “theory,” needs elaboration. While evolution is often excoriated in public debates as “theory and not fact,” sophisticated creation scientists do not make the common error of equating theory with “speculation.” They understand that the label scientific theory is applied only to a well-established body of knowledge that meets certain stringent criteria, although, as we will see, no clear consensus exists among philosophers of science on what precisely these criteria should be. In this regard, creation scientists argue that neither creation nor evolution is a legitimate scientific theory. Rather, they are simply models that one can chose between based on the evidence. As Duane T. Gish presents this view:


Thus, for a theory to qualify as a scientific theory, it must be supported by events or processes that can be observed to occur, and the theory must be useful in predicting the outcome of future natural phenomena or laboratory experiments. An additional limitation usually imposed is that the theory be capable of falsification; that is, one must be able to conceive some experiment the failure of which would disprove the theory. It is on the basis of such criteria that most evolutionists insist that creation be refused consideration as a possible explanation for origins. Creation has not been witnessed by human observers, it cannot be tested scientifically, and as a theory it is nonfalsifiable.

The general theory of evolution (molecules-to-man theory) also fails to meet all three of these criteria. 18



Creationists contend that evolution can never be established since it was not witnessed by human observers. But neither have the early big bang or live dinosaurs been observed. Humans cannot observe electrons inside atoms or quarks inside atomic nuclei. Yet these are all phenomena that are (1) supported by events or processes that have been observed to occur, (2) useful in predicting the outcome of future natural phenomena or laboratory experiments, and (3) described by falsifiable theories. Certainly, evolution also meets Gish’s criteria. As we saw above, it was even falsifiable at the time Darwin and Wallace first made their proposal of the natural selection mechanism.

The use of the term “model” is very common in science. In physics, for example, we talk about the standard model of elementary particles and forces. While that was an appropriate designation when it was first developed in the 1970s, the standard model by today has been so successful in describing observations that it certainly merits being formally recognized as a legitimate theory. Similarly, the big bang model in cosmology is sufficiently well established that it can be called the big bang theory. This does not imply that these theories will never be supplanted or refuted, just that they fit all the data we now possess with a high degree of reliability. So a “model” represents a step on the way to becoming a “theory.” It may fail to make that final step, but even so, it remains a legitimate part of the scientific process.

By calling their proposal a model rather than a theory, the creation scientists were able to evade the application of too-strict criteria and still claim that what they were doing was science. In order to avoid constitutional problems involving church-state separation, Morris urged that public schools teach only the “scientific aspects of creationism.” In 1974 the ICR produced a textbook, Scientific Creationism, that had one edition for public schools and another for Christian schools, which contained an extra chapter on “Creation According to Scriptures.”19 As we will see with current efforts, the sectarian motives of the creationists have never been heavily veiled.

Besides Morris, the other big gun of the creation science movement of the same period was Duane Gish. Holding a doctorate in biochemistry, Gish is a master debater. In the 1980s he traveled coast-to-coast confronting, head-to-head, biologists who were often less skilled in the tactics of public disputation. These debates were usually conducted before audiences of hundreds, even thousands, recruited from church congregations, who in large majority supported Gish’s position with loud cheers. The debate format allowed little opportunity for discussion of the complex scientific issues involved. Though often conducted on college campuses to give them an aura of academic respectability, these debates bore no resemblance to the type of collegial discussion that characterizes normal scientific discourse. While scientific disputes can become quite heated, they never degenerate into popularity contests that are settled by the loudest applause, as was the case in these debates.

The popular success of creation science under Morris’s and Gish’s leadership soon resulted in further legislative action. In the early 1980s, Arkansas, Louisiana, and various local school boards adopted the “dual model” approach and passed laws mandating equal treatment. However, proevolution forces quickly mobilized. The American Civil Liberties Union (ACLU) filed a federal suit against the state of Arkansas asking that Act 590, the “Balanced Treatment for Creation-Science and Evolution-Science Act,” be declared unconstitutional

























BUT IS IT SCIENCE?





	(1) it is guided by natural law;

	(2) it has to be explained by reference to natural law;

	(3) it is testable against the empirical world;

	(4) its conclusions are tentative, that is, are not necessarily the final word; and

	(5) it is falsifiable.














INTELLIGENT DESIGN: THE NEW STEALTH CREATIONISM
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APPENDICES


APPENDIX A: THE PLANCK LENGTH

By international agreement, the distance or length, L, between two points is defined as the time, t, it takes for light to travel between the points in a vacuum, multiplied by a constant, c:


L = ct

(A1)


While c is called the speed of light in a vacuum, it is an arbitrary number that simply sets the units of distance. For example, if t is measured in seconds and you want L in meters, then c = 3 × 108 by definition. Physicists and astronomers often work in units where c = 1, for example, when t is in years and L in light-years.


In order to measure t, we need a clock with an uncertainty, Δt, no larger than t. The time-energy uncertainty principle says that the product of Δt and the uncertainty in a measurement of energy in that time interval, ΔE, can be no less than h /2, where h = h/2π and h = 6.63 × 10-34 Joule-sec is Planck’s constant.
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Thus,
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This energy equals the rest energy of a body of mass m,
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Let L be the radius of a sphere. Within a spherical region of space of radius L we cannot determine, by any measurement, that it contains a mass less than



 
  m=
   h
  
  /2cL


(A5)

Now, let us consider the special case where the gravitational potential energy of a spherical body of mass m and radius R equals half its rest energy,
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so that,
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(A7)

This is called the Schwarzschild radius. Any body of mass m with radius less than R is a black hole. Suppose that L = R. Let us call that special case LPL. Then, from (A5) and (A7),
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(A8)

which is called the Planck length, LPL = 1.6 × 10-35 meter. We can see that it represents the smallest length that can be operationally defined, that is, defined in terms of measurements that can be made with clocks and other instruments. If we tried to measure a smaller distance, the time interval would be smaller, the uncertainty in rest energy larger, the uncertainty in mass larger, and the region of space would be experimentally indistinguishable from a black hole. Since nothing inside a black hole can climb outside its gravitational field, we cannot see inside and thus cannot make smaller measurement of distance.


Similarly, we can make no smaller measurement of time than the Planck time,
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(A9)

which has the value tPL = 5.4 × 10-44 second. Also of some interest are the Planck mass, which from (A5) is
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(A10)

and has a value of 2.2 × 10-8 kilogram, and the Planck energy,
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which has a value of 2.0 × 109 Joules or 1.2 × 1028 electron-volts. These represent the uncertainty in rest mass and rest energy within the space of a Planck sphere or within a time interval equal to the Planck time.








APPENDIX B: THE LIFETIMES OF STARS

The minimum lifetime of the class of stars larger than the Sun that can end their lives as supernovae can be calculated from
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where α = e2/4πεoh/c is the dimensionless strength of the electromagnetic force, e is the unit electric charge, εo is the permittivity of free space (Standard International Units are being used), and
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is the dimensionless strength of the gravitational force, mp is the mass of the proton, and me is the mass of the electron.* In our universe, α = 1/137, mp = 1.67 × 10-27 kilogram, me = 9.11 × 10-31 kilogram, αG = 5.9 × 10-39, and ts = 680 million years. Actually, most stars, like our Sun, have much greater lifetimes; larger stars evolve more rapidly. The shorter-lived stars we are considering here generate the heavy elements from which planets and life later can evolve.


As we saw in appendix A, c is an arbitrary number that simply determines the units we use to measure physical quantities. The same can be said for h and G.† Indeed, each can be set equal to unity without changing any observational results. This does not mean that the strength of the gravitational force is arbitrary, since αG depends on mp, as seen in (B2). Thus, just three parameters determine the value of ts: α, mp, and me. We can choose any two to be whatever value we wish and then find the range of values for the third parameter that will give ts equal to or greater than some value, say the value in our universe.


For example, suppose we are interested in a particular ts and pick arbitrary values of mp and me. Then, with the help of (B2), we can rewrite (Bl)
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to find the value of a needed. Note that no fine tuning is required to produce a universe with long-lifetime stars. We can always find a value of α for any value of ts, equal to or larger than its value in our universe, regardless of the masses of the proton and electron. While the values of the three parameters may not yield some form of life for another reason, that reason is not insufficient time for stars to cook up the elements needed for life.




*E. E. Salpeter, “Accretion of Interstellar Matter by Massive Objects,” Astrophysical Journal 140 (1964): 796-800.


†For a further discussion of this point, see my Timeless Reality: Symmetry, Simplicity, and Multiple Universes (Amherst, N.Y.: Prometheus Books, 2000), chap. 15.









APPENDIX C: THE ENTROPY OF THE EXPANDING UNIVERSE

Entropy is defined by



 
  S=k ln{number of states}


(C1)

where k is Boltzmann’s constant. For N particles of the same type,
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(C2)

in units where k = 1.


Just after the initiation of the big bang, we can treat the universe as a sphere of radius R containing an expanding relativistic gas of total energy E. Its maximum entropy was equal to the maximum number of particles,
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where εmin = hc / λmax is the minimum energy of the relativistic particles, and λmax = 2πR is their corresponding maximum wavelength. I have assumed units where h = h/2π = c = 1, which greatly simplifies the calculations. Note that, in these units, the Planck length given in (A8) is simply LPL = √G. This equals the Planck time given in (A9), while the Planck mass and energy, from (A10) and (All) are both equal to 1/2√G.


The maximum entropy of a black hole of radius R and mass M, or rest energy Mc 2, is given similarly to (C3) by
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From (A7), M = R/2 G and from (A8), G = LPL2. Thus,
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Now let us consider the situation when the universe was a Planck sphere, R = LPL. At that time, the universe is a black hole. Its maximum energy in that case would be the Planck energy (All), EPL = 1/2√G = LPL/2 and so, from (C3),



 
  S
  U
 
 
  
  
   max
 
 =R/2
  L
  
   PL
 
 



(C6)

which equals (C5) when R = LPL. So, we see that, as the universe expands, SUmax increases linearly with R while SBHmax increases quadratically Thus, although the universe starts out with maximum entropy, its maximum entropy becomes less than its maximum allowable entropy, that of a black hole of the same size, leaving increasing room for order to form. Since the universe has now, 13 billion years later, expanded to more than sixty orders of magnitude larger than the Planck length, its maximum entropy is at least sixty orders of magnitude below its allowable upper limit.
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