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“In Praise of Science” by Dr. Donald Henry
Image a group of homo sapiens standing in an open field, late on a warm afternoon—say, several thousand years ago—looking up into the sky after a shower, their eyes opened wide as they stare at a glowing arch of color.  If conditions are just right, they might even see a second band just above the first, dimmer, with the order of the colors reversed.  They show both fear and wonder.  And perhaps some of them also show curiosity:  What caused this apparition?  What does it signify?  What lies at either end of the arch?
A rainbow is beautiful.  Using laws of optics, we can explain the colors and shape of the rainbow in terms of reflection, refraction, and dispersion of the Sun’s rays by drops of water in the sky.  Reducing the rainbow into drops of water and shafts of light does not make it less beautiful—I believe it makes the rainbow even more stunning. 
We seek explanations to satisfy our curiosity, which is the foundation of the scientific process. Albert Einstein claimed, “I have no special talents.  I am only passionately curious.”

Science can be described in terms of observation and hypothesis, experimentation and measurement, and synthesis and theory.  But science has risen from our curiosity about the causes of natural phenomena, the relationships among those events, and our place in the cosmos.  Some have scorned the reductionism of science, but, as with the rainbow, an understanding of the structure and process of natural phenomena leads to an even stronger appreciation of nature.  Francis Bacon tells us, “Wonder ... is the seed of knowledge.”
Henri Poincare, a French mathematician and theoretical physicist (whose birthday is today), wrote: ”The scientist does not study nature because it is useful; he studies it because he delights in it, and he delights in it because it is beautiful.…. Of course I do not here speak of that beauty that strikes the senses, the beauty of qualities and appearances; not that I undervalue such beauty, far from it, but it has nothing to do with science; I mean that profounder beauty which comes from the harmonious order of the parts, and which a pure intelligence can grasp.”   Rachel Carson said simply, “In every outthrust headland, in every curving beach, in every grain of sand there is a story of the earth.” 
With tools of observation and logic—but with no particle accelerators or laptops—the ancient Greeks, driven by their curiosity, recognized that a fundamental structure exists in nature. Aristotle in the fourth century BC justified his claim that the Earth is a sphere by noting that the shadow of the Earth on the Moon during a lunar eclipse is round and that the bottom of a ship sailing off into the distance disappears before the top.  Eratosthenes, the librarian of the great library in Alexandria, Egypt, knew that at noon on one particular day of the year, the sun shone directly to the bottom of a well in a small town on the Nile River near what is now Aswan, but the Sun never shone to the bottom of a well in Alexandria.  To him the only logical explanation was that the Earth is a sphere.  Measuring the angle of the Sun’s rays in Alexandria and using the known distance between the two towns, along with a little geometry, he calculated the circumference of the Earth and obtained a number within a few percent of the value accepted today.  Over two thousand years ago, the Greeks knew not only that the Earth is a sphere but also that it is a very large sphere. 
Nineteen hundred years later, Galileo Galilei was born. Stephen Hawking describes Galileo as “perhaps more than any other single person, responsible for the birth of modern science. … [He] was one of the first to argue that [humans] could hope to understand how the world works, and, moreover,                        that we could do this by observing the real world.” In 1609, 400 years ago, Galileo made a telescope, pointed it into the sky, and discovered craters on the Moon and three natural satellites of Jupiter.
That same year Johannes Kepler completed his work Astronomia Nova. In it Kepler reported his calculations of the orbit of Mars, which, he found, does not move in a circular orbit but an elliptical one.  Furthermore, Mars moves fastest when it is closest to the Sun.  In celebration of his work and Galileo’s, this year has been declared the International Year of Astronomy.

Galileo also reported that the Sun has spots on its surface, and—worse yet—he claimed that the Polish monk and astronomer Nicolaus Copernicus was correct:  the Sun, not the Earth, is at the center of the known universe.   Anyone who has watched the Sun and the Moon travel through the sky and who has observed the stars circle the Earth would say that Copernicus was crazy.  Many of Galileo’s contemporaries believed that Galileo not only questioned what was considered common sense but also cast doubt on religious doctrine.  The Catholic Church warned him not to teach Copernican astronomy.  Galileo, however, continued to incur the displeasure of the Church, and in 1633 he was indicted by the Inquisition, which declared:
[Y]ou, Galileo  … were denounced … for holding as true a false doctrine taught by many, namely, that the sun is immovable in the centre of the world, and that the earth moves, and also with a diurnal motion; also, for having pupils whom you instructed in the same opinions; also, for maintaining a correspondence on the same with some German mathematicians; also for publishing certain letters on the sunspots…”
The church tribunal then declared:

“1. The proposition that the sun is in the center of the world and immovable from its place is absurd, philosophically false, and formally heretical.…
“2. The proposition that the earth is not the center of the world, nor immovable, but that it moves, and also with a diurnal action, is also absurd, philosophically false, and, theoretically considered, at least erroneous in faith.”
Galileo abjured his teachings and submitted to house-arrest for the remainder of his life. Today we readily acknowledge the central position of the Sun in our Solar System.
In the year Galileo died, Isaac Newton was born. Alexander Pope wrote, “Nature and Nature's laws lay hid in night: God said, Let Newton be! and all was light.”
From ancient times people watched the stars move together in the sky except for a handful that seemed to wander off course.  The word “planet” comes from the Greek word for “wanderer.”  By the Seventeenth Century many of these observers, including Newton, speculated about the mechanism of the planets’ motions around the Sun.  Newton then published his Laws of Motion and his Law of Universal Gravitation—and invented calculus in the process. The intellectual pursuit of the understanding of our universe would never be the same.
From a description of planetary motion in our Solar System, science has progressed to the cosmos.  Fourteen billion years ago our universe, a mere point, began to expand, an event we call the Big Bang.  (The name “Big Bang,” by the way, was first used by an opponent of the idea and was meant to be pejorative.)  Within a microsecond protons and neutrons appeared.  Within minutes helium, deuterium, and lithium were formed.  Heavier elements were assembled much later by means of nuclear reactions in stars.  It is believed that the heaviest elements were formed during the explosions of supernovae.  In other words, except for hydrogen and some of the light elements, every atom in our body was created as a result of stellar nuclear reactions.  The Bible tells us, “Dust thou art and unto dust thou shalt return.”   We were indeed born from the dust of the universe:  We are made of stardust.
Since the time of the ancient Greeks we have witnessed an explosion of knowledge about the universe, all driven by what Einstein labeled “passionate curiosity.”  Nature has been explored from the vast distances of the universe to the minuscule realm of subatomic particles.   We ponder the movements of continents, the origins of disease, and the transmission of traits to our children.   The Russian chemist Mendeleyev sorted the known elements into a simple table.  When he noticed gaps in his table, he correctly predicted that they would be filled with elements unknown at the time. The study of the human brain has revealed a structure of incredible complexity and, at least for now, continuing mystery.  Space and time are warped.  Clocks run slower when they move.  Watson, Crick, and Franklin discovered the double helix configuration of DNA, which contains the genetic code for all living things.
One of the most profound consequences of scientific understanding is the realization that, on the genetic level as well as on the atomic level, all people on Earth are made of the same stuff that makes up all structures in the universe—whether animate or inanimate.
A rather peculiar area of physics is quantum mechanics, the fundamental theory of the behavior of particles like electrons or protons.  Life in this subatomic world is bizarre and usually contradictory to our every-day experience.  Particles can pass through “walls,” can simultaneously act as waves, and can even challenge the cherished principle of causality through a phenomenon called quantum entanglement.  The theory has led to an understanding of a wide range of phenomena such as lasers, superconductivity, and neutron stars, and underlies the operation of our computers and cell phones.  Quantum electrodynamics is considered the most successful theory in science, in terms of the precision of its predictions. 
Many times we are bewildered by what seems a chaotic mix of research in all disciplines of science but particularly in medicine.  The non-scientist Harold McGee, who holds a PhD in English from Yale, correctly describes the process of science in, of all places, his book The Curious Cook.  He writes, “While the purveyors of news and advice dutifully pass along the latest scientific word on [medical research], they don't take the time to tell us about all the words that preceded it. The latest word in scientific research is only one piece of evidence in a broad investigation, one brief episode in a long, continuing story.   It gets its meaning from the way it fits into the research effort as a whole.  Unfortunately, we seldom hear the rest of the story.  No wonder, then, that new findings and recommendations can end up sounding authoritative to some of us, arbitrary to others, and puzzling to the rest." 
In the process of science no single experiment can be considered definitive.  Repeated experiments by different researchers using different techniques must agree before those results are recognized as confirming or disproving a theory.
The astronomer Carl Sagan wrote in his book The Demon-Haunted World, “ SEQ CHAPTER \h \r 1Claims that cannot be tested, assertions immune to disproof are veridically worthless, whatever value they may have in inspiring us or in exciting our sense of wonder. SEQ CHAPTER \h \r 1... [A]t the heart of science is an essential balance between two seemingly contradictory attitudes--an openness to new ideas, no matter how bizarre or counterintuitive, and the most ruthlessly skeptical scrutiny of all ideas, old and new.  This is how deep truths are winnowed from deep nonsense.”  Or as Charles Darwin put it, “We are not here concerned with hopes or fears, only with the truth as far as our reason permits us to discover it.”
So our curiosity has produced a vast sea of hypotheses, experiments, and theories.  We certainly do not know all the answers—we probably don’t even know all the questions.  But what is the ultimate goal of science?  In his book Dreams of a Final Theory, the physicist and Nobel Laureate Steven Weinberg (whose birthday is Sunday) wrote, “[T]he aim of physics at its most fundamental level is not just to describe the world but to explain why it is the way it is....  Our discovery of the connected convergent pattern of scientific explanation has profound implications, and not just for scientists. We do not understand everything, but we understand enough to know that there is no room in our world for telekineisis or astrology.”
Stephen Hawking, who has said that he will step down this year as Lucasian  Professor of Mathematics at the University of Cambridge (the same chair once held by Isaac Newton), wrote in his book A Brief History of Time that, " The discovery of a complete unified theory [of the physical universe] may not aid the survival of our species.  It may not even affect our life-style.  But ever since the dawn of civilization, people have not been content to see events as unconnected and inexplicable.  They have craved an understanding of the underlying order in the world.  Today we still yearn to know why we are here and where we came from.  Humanity's deepest desire for knowledge is justification enough for our continuing quest.  And our goal is nothing less than a complete description of the universe we live in."  And, I might add, what an awesome universe it is!
So, McMurran Scholars, I urge you to maintain a lively sense of curiosity and to observe the world with a discerning eye, whatever path your life may follow.  I congratulate you.

I thank the Scholarship and Awards Committee who invited me to speak today.  It has been an honor, especially as the first in the “Last Lecture” series.
Donald L. Henry
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