

[image: ]




ALSO BY GUY CONSOLMAGNO, SJ

The Heavens Proclaim: Astronomy and the Vatican

God’s Mechanics: How Scientists and Engineers Make Sense of Religion

Intelligent Life in the Universe? Catholic Belief and the Search for Extraterrestrial Intelligent Life

The Way to the Dwelling of Light: How Physics Illuminates Creation

Brother Astronomer: Adventures of a Vatican Scientist

Turn Left at Orion: Hundreds of Night Sky Objects to See in a Home Telescope—and How to Find Them with Dan M. Davis

Worlds Apart: A Textbook in Planetary Sciences with Martha W. Schaefer





[image: ]




Copyright © 2014 by Br. Guy Consolmagno and Fr. Paul Mueller

All rights reserved.
Published in the United States by Image, an imprint of the Crown Publishing Group, a division of Random House LLC, a Penguin Random House Company, New York,
www.crownpublishing.com

IMAGE is a registered trademark and the “I” colophon is a trademark of Random House LLC.

Library of Congress Cataloging-in-Publication Data

Consolmagno, Guy, 1952–
   Would you baptize an extraterrestrial?: … and other strange questions from the inbox at the Vatican Observatory / Brother Guy Consolmagno SJ and Father Paul Mueller SJ. — First Edition.
    pages cm
ISBN 978-0-8041-3695-2
1. Bible and science—Miscellanea. 2. Religion and science—Miscellanea. 3. Catholic Church—Doctrines—Miscellanea.
4. Specola vaticana—Miscellanea. I. Title.
  BS650.C67 2014
  261.5′5—dc23

2014033856

ISBN 978-0-8041-3695-2
eBook ISBN 978-0-8041-3696-9

Jacket design by Michael Nagin
Jacket illustration: Burkhardt Studio, Inc.

v3.1_r1





In memory of
Fr. Bill Stoeger, SJ
 (1943–2014)




Contents


Cover

Other Books by This Author

Title Page

Copyright

Dedication



INTRODUCTION: The Dialogue Begins

DAY 1: Biblical Genesis or Scientific Big Bang?
SETTING: THE ART INSTITUTE OF CHICAGO


Gallery of the Early Twentieth Century

Late Nineteenth Century: Impressionism

McKinlock Court: Greek, Roman, and Byzantine Art

European Medieval Art

Contemporary Art, 1945–1960



DAY 2: What Happened to Poor Pluto?
SETTING: EAST ANTARCTIC ICE PLATEAU


Soles on Ice

Searching for New Truth

Whiteout

Ground Blizzard

The Human Touch



DAY 3: What Really Happened to Galileo?
SETTING: THE TOWER OF THE WINDS, VATICAN CITY


Mapping the World

Insanely Great

Just the Facts, Ma’am

The Science of History

Damage Control?

The History of Science

The Aftermath

Galilean Entanglement

APPENDIX: A Time Line of Key Events in the Galileo Affair



DAY 4: What Was the Star of Bethlehem?
SETTING: VATICAN OBSERVATORY TELESCOPES ATOP THE PAPAL SUMMER PALACE, CASTEL GANDOLFO


A Star with a Tale

An Astronomical Event?

A Pious Story?

A Miracle?

A Mystery?

A Guiding Star



DAY 5: What’s Going to Happen When the World Ends?
SETTING: DINING AT THE END OF THE UNIVERSE


Antipasto

Primo Piatto

Secondo Piatto

L’Insalada

Dolce

Il Conto



DAY 6: Would You Baptize an Extraterrestrial?
SETTING: LOS ANGELES INTERNATIONAL AIRPORT, BRADLEY INTERNATIONAL TERMINAL


“We’d like to be the first to welcome you …”

“Please do not leave your baggage unattended …”

“Those with US passports or residency cards, step to the left …”

“Terminal Map: You Are Here …”

“The share-a-ride van can be found …”



DAY 7: Acknowledgments


INTRODUCTION: The Dialogue Begins

GUY: Would you baptize an extraterrestrial?

That is one of the questions people ask us all the time here at the Vatican Observatory … along with questions about the Star of Bethlehem, the beginning and end of the universe, Galileo, Pluto, black holes, killer asteroids, and all the other topics astronomers always get asked about.

What is it about questions of this sort that raises such interest—and sometimes suspicion and fear—among so many people? Let’s face it, most people know we’re not likely to be running into any ETs anytime soon; nor is the exact nature of the Star of Bethlehem essential to any catechism or creed. But people care. They keep asking us. Why?

This book is about what’s behind those questions.

PAUL: And this book is about what it’s like when science encounters faith on friendly, mutually respectful terms.

Do you think we should reject any results of modern science that seem to disagree with the Bible? Do you think that the Bible has greater authority than science, and that biblical faith should always get the last word over science? If so, this might not be the book for you. (But read on!)

Do you think we should reject anything in the Bible that seems to be at odds with modern science? Do you think that science has greater authority than the Bible, and that science should always get the last word over biblical faith? If so, this might not be the book for you. (But read on!)

Do you think that both science and faith should be taken seriously, but you struggle with how to hold science and faith together, with integrity? Do you find yourself tending to keep science and faith isolated from each other, in separate, watertight compartments, but you wish that science and faith didn’t have to “take turns” in your life? Then this book is for you. Read on!

GUY: The two of us writing this book are members of the research staff at the Vatican Observatory, the official astronomical research institute of the Catholic Church. I’m a scientist; I specialize in planetary physics and geology and especially the study of asteroids and meteorites. Paul’s area of expertise is the history and philosophy of science—especially that of physics and astronomy.

We are both Jesuits, which means that we are members of the Society of Jesus, the largest religious order in the Catholic Church. I am a Jesuit brother, and Paul’s a Jesuit priest. When someone asks Paul or me whether we’d baptize an extraterrestrial, we find ourselves stopping to think: should I answer from the perspective of a scientist, from the perspective of a philosopher, from the perspective of a Catholic priest or brother—or from the perspective of someone who is all those things at once and doesn’t find any great conflict or contradiction in that?

PAUL: Our primary work is research. Most of our time is spent working in the lab, making observations, writing papers, and attending scientific conferences. So we’re in regular contact with our colleagues at other research institutes and universities.

But since most of us at the Vatican Observatory are Jesuit priests or brothers, we are also in frequent contact with members of the general public—people who have questions and comments about science and faith, people who want to tell us about some discovery they’ve made or about some theory they’ve devised. And also people who just want to talk. We get a lot of e-mail!

GUY: I have more than seven hundred such e-mails in my files from the last five years. Some of the messages are a bit off-the-wall. But all of them come from people who want to take science and faith seriously, and many of our correspondents are people having trouble figuring out how to hold the two together with integrity and consistency.

This book is structured around a half dozen particular questions we’ve been asked time and again—questions that are interesting in themselves but that also tend to presuppose a conflict of some sort between science and religion.

We start with the question of Genesis versus the Big Bang, and we discuss how science and religion can have different but complementary ways of looking at the same issue. Then we discuss how scientific theories and ideas change and evolve over time—for example, we describe what happened recently when astronomers debated the status of Pluto as a planet. And we ask how religion can or should respond when science evolves and changes. To see how that might work—and what happened when it didn’t work well—we examine the case of Galileo’s encounter with the Church.

People of faith generally believe that God is somehow active in the world. We talk about how that can be, in a universe that seems to be regulated and governed by inexorable scientific laws. People of faith often believe that we are somehow important in God’s eyes. We discuss how that can be, in a universe that is vast and ancient beyond human imagining … and that seems doomed to come to an inglorious end, eventually.

And, yes, as the title of the book promises, we also talk about whether we would baptize an alien: what could the message of Christ mean in a universe of countless planets and, for all we know, countless other races of intelligent beings?

PAUL: When people ask us these sorts of questions, the presupposition often seems to be that there must be some sort of conflict between science and religion. Lots of people think that they’re in conflict and that you have to choose one or the other.

GUY: The idea of an eternal war between science and religion has been a popular theme in books and journalism for a while. But it dates only from the late Victorian era, in fact.

PAUL: And it does not date from the time of Galileo, as so many people seem to think.

GUY: But two simple observations get lost in the noise. Science and religion have common historical roots—the war between them (if there is one) has not been eternal. And many people who do science are also religious. At least for them—as for the two of us—religion and science are not at war at all.

PAUL: So how do science and religion actually relate to each other? Do they have to operate in separate, watertight compartments? Is one of them supposed to complement and serve the other? Or is it possible to look at their similarities, differences, and connections not in terms of some preconceived notion of what should be the case, but by seeing how science and faith actually do—or don’t—work together? The conversation we have in this book reflects how science and faith can talk to each other.

GUY: Which is one reason why we’ve written the book in the form of a dialogue—as a series of six conversations between the two of us, Paul and Guy. The six conversations are intended to re-create the sorts of conversations that we’ve often had with each other, with other Jesuits, and with people we’ve met through our work. To spice things up, we imagine each of the conversations as taking place in some particular physical setting. Some of the settings are real places, and some are purely fictional.

PAUL: Writing in the form of a dialogue is also a tip of the hat on our part to Galileo, who wrote some of his great books in dialogue form.

GUY: Of course, Galileo included his opponents among the characters and put words into their mouths. We don’t do that.

PAUL: We just put words into each others’ mouths!

GUY: Paul and I are very fortunate: We get to live and work with a group of Jesuit scientists who take both science and faith very seriously. We all work together in the lab, but we also pray together in the chapel. In our daily lives, we don’t feel any particular conflict or tension between science and faith. Paul and I want to share with you our simple-but-complex daily experience of taking science and faith seriously while not keeping them separated in isolated compartments.

PAUL: I’ve studied pastoral theology, and Guy’s had a bit of that, as well; that’s part of our Jesuit training. But when it comes to relating science and faith, we don’t claim to be able to teach you “How to” do it. Instead, we simply want to share with you the joy and hope—and fun—that we find in doing science and living faith. We hope that our hope and joy will be contagious!

GUY: So read on, and feel free to argue with us along the way. We’ll certainly be arguing with each other!


DAY 1: Biblical Genesis or Scientific Big Bang?

SETTING: THE ART INSTITUTE OF CHICAGO

GALLERY OF THE EARLY TWENTIETH CENTURY

PAUL: Today we’re going to talk about the beginning of all things, Creation itself. So it’s fitting that we’re in Chicago, since each of us had a kind of personal beginning here in the Windy City. You did philosophy studies at Loyola University shortly after you became a Jesuit. And I earned my doctorate in the history and philosophy of science at the University of Chicago.

GUY: When I read the opening verses of Genesis, where “a wind from God swept over the face of the waters,” I always picture myself standing by the shore of a stormy Lake Huron; that’s where I’m from. But, ah, Lake Michigan and the Windy City … It’s tough for this Detroiter to admit it, but I love Chicago. And this area, the Museum Campus down by the lakeshore, is like heaven to me. So many favorite places of mine: the Adler Planetarium; the Shedd Aquarium …

But if we’re going to talk about the beginning of the universe, why are we at the Art Institute? Shouldn’t we be at the planetarium, where we could watch a show that illustrates the Big Bang on its giant dome? Or maybe we should be at the Field Museum of Natural History, with its wonderful collection of dinosaur fossils and meteorites.

PAUL: Think of all those people who are always asking us, as Vatican astronomers, about science and religion and the beginning of the universe …

GUY: The ones who want us to choose between Genesis and the Big Bang?

PAUL: Yes. Most of them aren’t scientists, so I don’t think that addressing their questions in a scientific place—a planetarium, for instance—would be all that helpful.

So often we divide our lives up into separate camps, separate buildings, if you will: aquarium versus planetarium, work versus play, science versus religion, and so forth. Sometimes it’s hard to move from one to the other. I want us to start out today in a place where science and religion can overlap. Here at the Art Institute, you can’t help but see that there’s more than one way to represent reality—more than one style of painting, you might say.

So humor me for a moment. Let’s look at some of my favorite works of art.

GUY: Hmm … isn’t that Grant Wood’s American Gothic? The weather-beaten couple standing in front of a white clapboard house, the man holding a pitchfork staring directly out of the canvas, the woman giving him a dirty look …

PAUL: The painting may be all too familiar, but I like it. Though it’s as realistic as a photograph, it still seems to tell you something about these two people that a photo wouldn’t be able to capture.

Now, head down this hall to the European section, and compare American Gothic with this painting …

GUY: Picasso’s The Old Guitarist. I guess that’s an old man seated with a guitar, but he’s depicted in an almost abstract way. The guitar is painted realistically enough, but the old man is shown in weird lines and angles and a funky blue color scheme. That’s a whole different take on the human form.

PAUL: It looks more “modern” than American Gothic, though it was painted about thirty years earlier.

Both paintings depict old people with the tools of their trades. Both were painted at roughly the same time, in the early twentieth century. Both communicate something deep and true about humanity, intellectually and emotionally, in ways that a book or a homily couldn’t.

But neither painting tries to show everything about its subject matter. Each painting selects and emphasizes only certain things and leaves out other stuff that’d be irrelevant or that’d get in the way. And you know what? Science does something very similar. Science involves selective observation—science involves paying special attention to certain things while ignoring others.

GUY: Like a painting I remember seeing once, of a couple of people sitting in a city diner: a guy with a hawk nose and a woman in red sitting next to him, as seen through the diner window from across the street late at night. You could never take a photograph like that; there’d be parked cars and telephone wires in the way. But every time I see that painting, I get hungry for some fried eggs and coffee.

PAUL: Edward Hopper’s Nighthawks. That one is also here at the Art Institute, over in Special Exhibitions.

GUY: I always thought of you as a physicist-turned-philosopher. I didn’t know you were such an art nerd.

PAUL: I’m no art expert, believe me. But get this: back when I was in college (too many years ago), I once spent ninety minutes standing in front of a painting at the Isabella Stewart Gardner Museum, in Boston, taking notes on a yellow legal pad. It was an assignment I had to do for a course in art history. The painting was Titian’s Rape of Europa: Jupiter, in the form of a white bull, is carrying Princess Europa away across the sea, where he will have his way with her. As I stood there taking notes, other museum visitors started asking me questions about the painting, as though I were some kind of expert! At first I laughed it off. But after a while I started talking with people about the painting, telling them what I had noticed about it and what I thought of it. And they told me what they thought. It led to some spirited discussions and disagreements as to what the painting means, as to whether or not it is beautiful, and why.

So it’s not only art experts who can recognize and talk meaningfully about what’s beautiful. It’s not only scientists who can recognize what’s true. And it’s not only ethicists who can recognize what’s good. Of course, experts can help and guide us. But things that are really beautiful or true or good can be recognized and appreciated by regular folks—if we are willing to open our eyes and take some time.

GUY: So, Mr. Art Expert, where do we go next?

LATE NINETEENTH CENTURY: IMPRESSIONISM

PAUL: A Sunday on La Grande Jatte—1884; it’s one of my favorites. Georges Seurat painted a scene with elegant French families in a Parisian park on an island in the Seine River, circa 1884. He used a technique called pointillism: instead of strokes of paint, he built up the image by adding colors dot by dot … anticipating digital-imaging techniques by over a hundred years.

GUY: I hate to admit this … but when I see this painting, the first thing I think of is Ferris Bueller’s Day Off.

PAUL: Oh, yeah, the movie with Matthew Broderick! This painting is the centerpiece of a pivotal scene in the movie. A trio of high school kids play hooky, and they have various improbable adventures around Chicago on a nice spring day. When they come here to the Art Institute, one of them, an angst-ridden teenager named Cameron, stares for a long time at A Sunday on La Grande Jatte—1884. As he gazes more and more deeply into the painting, with a stricken look on his face, the Parisian scene disappears from view: it falls apart into a chaotic, random collection of colored dots. It’s at that moment that Cameron realizes that his own life seems to be falling apart into meaningless bits and pieces.

I have a certain sympathy for Cameron; I had my own share of teenage angst! But what I see when I look at Seurat’s painting isn’t chaos. I don’t see the world falling apart. What I see is the world being analyzed down to its smallest, most basic parts.

When I look at A Sunday on La Grande Jatte—1884, I keep flipping back and forth between seeing the whole scene, which is lots of people enjoying a beautiful day in the park, and seeing the little dots from which that scene is made up. But to me that doesn’t mean the world is falling apart—it means that there is more than one way to see the world. One way is to see the big picture, the everyday world of common experience. Another way is to see the world as analyzed by science: a world of tiny atoms, of particles and waves, of fields of force—a world that can be described mathematically.

That’s one way to get at relating science and faith: think of it as flipping back and forth between two different ways of seeing one and the same world. We can see the world through the eyes of science or through the eyes of faith.

When you see the world through the eyes of faith, you are often very much concerned with everyday experiences of what is right and good and beautiful. You are concerned with how your life hangs together and makes sense—or doesn’t!

But when you see the world through the eyes of science, your concerns are different. You want to know how the world works and what it’s made of, right down to its smallest pieces. The world as analyzed by science can seem disconnected from the world of everyday experience, just as the dots in Seurat’s painting can seem disconnected from the larger image.

The trick is to get comfortable with the idea of flipping back and forth between two different ways of seeing. And the trick, also, is not to panic if one way of seeing omits something that the other includes, or emphasizes something that the other neglects.

GUY: So you can see this painting as a collection of dots, or you can see it as an image of people in a park. Both descriptions are true. If one of them is true, it doesn’t make the other one false.

PAUL: Just like you, Guy, I had to study some philosophy, as part of my Jesuit training. It drove me crazy. I was a science guy, and I just couldn’t figure out what it was that the philosophers were worried about. It wasn’t that I couldn’t understand their answers. I couldn’t even understand their questions!

Finally, after a year and a half of frustration, I had a kind of breakthrough. One day I was puzzling over Aristotle and his theory that each thing should be understood as being a composite of “matter” and “form.” Now, I thought I knew what “matter” was, from my study of physics: it’s what stuff is made of. But I couldn’t figure out why, in addition to matter, you would need something else called “form.”

Then suddenly it hit me, like a ton of bricks … I was making an assumption: that knowing what something is means breaking it down to its smallest parts (atoms, quarks, whatever) and figuring out the physical laws governing how they interact. But Aristotle doesn’t make that assumption. For him, breaking a thing down to its smallest parts is only one part of what it means to know it. For Aristotle, to really know something, you have to see not just its parts but also the whole.

GUY: So not just the dots, but also the picture that the dots make?

PAUL: Even more than that. For Aristotle, really understanding a thing means knowing what it’s made of, what kind of thing it is, who made it, and why they made it—what’s its value or meaning. For Aristotle, questions like that come up as part of doing science.

But in modern science, the questions are much narrower. Questions about the value or meaning or purpose of things don’t come up in modern science—they are set aside. As a result, modern science has become much more focused and efficient: we can analyze and describe all sorts of things we see in nature in terms of objective, mathematical laws. But the fact that questions about value or meaning or purpose don’t come up in modern science doesn’t mean that those questions aren’t important.

That’s the kicker—that’s what hit me, back when I was first studying Aristotle. As a human being, I may want to know who made a thing and why. I may want to know about the value and meaning of a thing, even if science considers such questions irrelevant.

Modern science is incredibly successful at doing what it does, from understanding how to control diseases to calculating what happens around a black hole. This can lead us to make the lazy assumption that the scientific way of seeing the world is the best way, or even the only legitimate way. That’s the assumption I had fallen into while studying physics in college. But if you think that seeing the world through the eyes of science will show us everything that really matters, then you might as well think that you see everything that matters about A Sunday on La Grande Jatte—1884 if you look at it dot-by-dot.

GUY: OK, I can see that. “Flipping back and forth” is a useful image to keep in mind whenever we get asked, “If you believe that God speaks to us through Scripture, then why don’t you accept the story of Creation given to us in the Bible?” Maybe the people who ask us that aren’t getting that there’s more than one way to look at the picture. And so they end up wanting to treat the Bible like an astronomy textbook.

And the fact is, there’s more than one way of looking at the picture even within the Bible itself. The Bible contains several different Creation stories. It just isn’t possible for all of them to be literally true—they disagree with one another! So there has to be something else going on here. Since they can’t all be true in the same way, that means you need to be able to develop some way to flip back and forth between different descriptions even within the Bible itself.

PAUL: But let’s be careful here. We don’t want to fall into the easy trap of saying, “Everything is relative; everything is true.”

Earlier I was telling you about standing in front of a painting, arguing with passersby about what it meant and whether it was beautiful, and why or why not. It makes sense to have that kind of argument about the beauty of a painting, even a classic like The Rape of Europa. But it wouldn’t make sense to have a similar argument about the truth of a classic law of science, like the law of pendulum motion.

GUY: Obviously, denying the truth of the law of the pendulum just makes you look silly. But are you saying that everyone, expert or not, has a right to accept or deny that a piece of art is beautiful?

PAUL: When it comes to things like pendulums, pulleys, and electric motors, the science is settled—not because some pointy-headed scientific expert tells us so, but because these things are tools that we rely upon and use every day and take for granted. But when it comes to questions of meaning and beauty, it’s different. Those aren’t questions that get “settled”; those are things that each generation has to appropriate for itself, building on what came before.

GUY: But wait, there are extreme realms where Newton’s laws fail, where you need quantum physics or relativity. A pendulum swinging next to a black hole would act really strangely, compared to what you’d expect from Newton’s laws.

PAUL: Yes, of course. When I say we know that portions of our science are settled, I mean that we know this within certain limits. In fact, we can use science to specify those limits. And within those limits, it’s not simply that the science is merely probable, or that it might be true. Within those limits, it is true. And we know truths today that we didn’t know five hundred years ago; our progress is cumulative.

Why is it that modern science is able to make cumulative progress? It’s because the questions that science asks are so very narrow. That’s the trade-off we make when we do science. We exclude important questions of beauty and meaning and purpose for the sake of being able to make some cumulative progress regarding our knowledge of the natural world.

Science proposes competing theories for what we see in the world—and our expectation is that, over time, one of those theories will win out and the others will be discarded. There will be cumulative progress. But that’s not what’s going on with the different stories of Creation in the Bible. They are not competing theories, where one is supposed to win out in the end. The Bible keeps all the various Creation stories, letting them stand side by side, even though they contradict one another.

GUY: The same thing happens in the Gospel stories. The Bible keeps four Gospels side by side, even though they give different and sometimes contradictory accounts of the life and death of Jesus. It reminds me of when I was going through a Beatles craze and read every book I could find about them. Even when they told the same stories, those books all gave different takes on the group. And the ones written closest to the time when the Beatles were active weren’t always the most accurate or the most insightful. But you need all those different points of view to get a good picture not only of who the Beatles were, but of who people thought they were.

PAUL: Your Beatles example is true, in that you need more than one vantage point to get the whole picture. But there’s something else going on as well.

In science, the goal is to eliminate contradictions and inconsistencies over time: that’s a priority. (That would be a priority in writing a true history of the Beatles, too.) But when it comes to faith, eliminating contradictions and inconsistencies isn’t the main priority. The fact that the Bible keeps all those different stories right there side by side shows that there’s something different going on in faith compared to science. The Bible is trying to do something else.

GUY: Maybe it’s not really all that different. After all, in science, as you say, you throw away a theory that doesn’t work. But it’s never OK to throw away the data that doesn’t fit the theory. (At least, not unless you have a really good reason to think that the data are flawed.)

Science books go out of date. We throw the old one away when a newer one comes out, when we have new theories. But we don’t throw away our old data; we merely interpret them differently. New theories try to account for old data (and new data) in new ways.

Now notice, the Bible doesn’t go out of date. Maybe it’s the “data” of humankind’s encounters with God; it’s not the theory of how to interpret those events. Even after thousands of years, and several major changes in the way we understand the cosmology of the universe, the Bible continues to inform us. That’s why you don’t want to throw any of it away.

PAUL: No, I don’t see it that way. Yes, the Bible includes data—stories of human encounters with the divine. But the Bible also includes layer upon layer of reflection upon that data. So the Bible is not just data: it is a particular account of data-plus-interpretation, which Christians take to be a privileged account.

And there continues to be new data and new interpretations. The encounter with God is always a personal encounter—God relates to each new generation in a new way, so more data and more interpretation are being generated all the time.

GUY: Bah! You might just as well say that a scientific experiment is a record of the scientist’s “personal encounter” with her Geiger counter!

My point is this. In science, the raw data—the “history of the encounter,” if you prefer—can often be contained in lists of numbers. But the story of a religious encounter can be subtle and hard to communicate. That’s why the Bible resorts to so many different literary forms—history or poetry or storytelling. That’s why it has to be interpreted. And those interpretations can themselves be contradictory, but each one can still help us see some important aspect of the truth … just as, in fact, in science we wind up learning and using different theories, or recording data in different ways to measure and explain the same phenomena.

Art depends on context in a way that science does not. To look at these paintings and get something out of them, you have to bring some knowledge with you to add to the painting. If you had never seen a guitarist, you wouldn’t know what Picasso was painting. That’s true, no matter how realistic the painting is—if you had never seen a pitchfork before, you’d have no idea what American Gothic was about, realistic as it is. And five hundred years from now, when the last diner has closed, whoever looks at that Hopper painting of the diner will never have the memories of rainy Friday evenings in the big city that I have.

PAUL: You’re right: every human who practices a religion does so within some particular cultural context.

But context also matters in science. It’s well documented that different scientists will tend to notice different kinds of data, or to find different kinds of data convincing, depending on what theory it is that they already hold, or depending on what sort of equipment they are more familiar with. If you expect to see light acting like a wave, chances are you’ll more easily notice and be convinced by data that show light acting like a wave (rather than like a particle). If you are more familiar with cloud chambers than scintillation detectors, chances are, you’ll tend to be more easily persuaded by data in the form of a clear picture of a single particle interaction, rather than by statistical data from many particle interactions. Scientific observation is theory-laden and practice-laden. Context matters in science. Science is done by people, with all their “personal” equations.

When I was in college, I worked part-time as a tech assistant for an experimental physics research group working at Bates Linear Accelerator, near Boston. I’ll never forget my first visit to the Accelerator: my first encounter with “Big Science.” One of my professors gave me a ride up to the Accelerator on a Saturday morning. The building didn’t look all that impressive from the outside. But when I first came inside, I was completely wowed. Instruments and blinking lights everywhere! Huge magnets! Lead bricks galore! I was in hog heaven.

There was a group of serious-looking men (yes, all men back then) on the other side of the experimental hall, all of them in white lab coats, all gathered around looking at something. My professor walked over to them, and I followed. I was thinking: This is it, I’m encountering Big Science and people who do Big Science.

But when I came closer, I saw what it was they were doing. They were gathered around a black-and-white portable television … watching a Road Runner and Wile E. Coyote cartoon.

GUY: What, they were analyzing the physics of the Coyote flying off the cliff?

PAUL: No, they were just taking a break, having a good time.

GUY: So much for Big Science.

PAUL: No, that’s what got me hooked on science, all the more! That’s when I realized: these are my people! Science is supposed to be fun! Later, when I was a high-school physics teacher, I would sometimes include Road Runner cartoons on tests and quizzes. I’d ask my students to identify by name the law of physics the Road Runner happened to be violating at a particular moment.

But here’s a question to ask yourself … if you tend to see faith and science as being in conflict, which of the two do you identify with the Road Runner? And which do you identify with the Coyote?

GUY: Oh, that’s easy. Obviously, science is the Coyote. No question about it: trying to capture an elusive prey, using all the latest tools from the Acme of our technological age … That’s what we do in science. And it seems to work for a while, until you extrapolate a bit too far and find yourself in midair, with nothing to support you, and an anvil for a parachute.

PAUL: I agree, science is the Coyote. The Coyote takes science seriously, and he tries to put it to good use. Like the Coyote, scientists take observational data and physical laws seriously—in fact, they’re pretty much the only things that science takes seriously. Like the Coyote, scientists are willing to suffer the consequences of that focus—they are willing to get refuted, and they take their lumps when the equipment doesn’t work or when they don’t get the theory quite right.

The Coyote has every right to be intensely frustrated by the Road Runner, who so often seems to get away with blithely disregarding the laws of physics. The Road Runner doesn’t so much disobey the laws of physics as simply refuse to make them too much of a priority. It can be pretty exasperating for scientists when people of faith come barreling through, like the Road Runner, blithely disregarding what science holds to be important, and unembarrassed by the fact that their faith appears to have little or no supporting data. Why should the Road Runner (and faith) escape refutation, when the Coyote (and scientists) endure it all the time? Not fair!

GUY: But notice, it’s only the “science” part of Genesis—its description of the Creation of the universe—that was flattened by later scientific understandings of how the world works. The question of why the world was made is still treated as well in Genesis as it is anywhere else.

Indeed, the history of cosmology, our attempt to come up with a picture of the universe and how it works and where it came from, involves one comic turn after another. The more we learn, the more we realize how ridiculous our previous attempts were. Yet every cosmology always starts out with perfectly logical deductions from observing the world around us.

After all, the “cosmology” of Genesis is merely an obvious extrapolation from what people could observe for themselves. Genesis, chapter 1, describes a flat Earth, with a dome overhead. That’s just what you see when you walk outdoors. That’s what the paintings in this museum show. Look, here, at this painting of a field at harvesttime.

PAUL: Stacks of Wheat (End of Summer), by Claude Monet. Around 1890, it says here.

GUY: Forget the wheat; look at the horizon. When a painter like Monet paints a horizon, it is—well, horizontal. And notice the sky behind the stacks. That sky is not just overhead; it rises straight up from the horizon, like the side of a dome. In fact, every time I look up at the stars in a good dark sky (which is all too rare nowadays), even though I know in my head that all the stars are suns out there at a whole range of different distances from Earth, it still looks to me like they are spots of light on a solid dome arching over my head. That’s not divine revelation; that’s simple observation.

MCKINLOCK COURT: GREEK, ROMAN, AND BYZANTINE ART

GUY: Let’s head downstairs to the ancient Greek section. That’s the art I studied in college. I was thinking of being a classics and history major at one point, and I took one of those art-in-the-dark classes where we had to memorize a million slides of painted vases.

So take a look at the figures on one of these vases. Kraters, they’re called, mixing bowls. That’s where we get the word “crater” to describe the bowl-shaped holes on the surface of the moon. This one’s from Athens, around 460 BC. You can see Zeus zapping a guy who ticked him off …

You can’t tell from this painting if the characters know that they’re on a round Earth, but at least they’re on a round vase—if Zeus keeps walking, he’ll just get back to where he’s started. But, in fact, whoever painted this vase probably knew, as well as Monet knew, that the world was round. That was well understood by the fifth century BC in Greece.

But the stories in Genesis derive from well before that time. The Babylonians were the dominant culture back when Genesis was written. Their cosmology started with observation, too. They observed the stars and picked out patterns that looked like pictures to them: constellations. Many of them are the same constellations we use even today. They also saw, moving slowly through the stars of the constellations, seven brighter objects that they called “wanderers,” or, in Greek, “planets.”

Planets are up in the sky with the stars; you can see them yourself with your naked eye, just like the Babylonians could, even today with city lights … if you know where to look. The most obvious of those “wanderers” was the sun itself. Of course, the brightness of the sun overwhelms the sky, so you can’t see what stars are around it. But as the seasons pass, you can see that different stars are visible at night, while other stars that used to be visible become lost in the sunlight. Eventually you can figure out which star-picture is being overwhelmed by the sun in any given month. There were twelve of these pictures in all that the sun (and the other planets) moved through; the sun itself moved through one such picture per month. Those stars are mostly in patterns that look like animals—Aries the Ram, Taurus the Bull, Scorpius the Scorpion, and so forth. This “zoo” became known as the zoo-diac, or “zodiac.”

Of all the bright wanderers moving through the stars, the moon moves the fastest. It’s in a different part of the sky from night to night, going through all twelve zodiac constellations in a single month. But again, after a while you can see a pattern in where it moves and how fast it moves. Its phases, crescent to half to full moon and then back to crescent, repeat every twenty-nine or thirty days, in such a regular way that you can count the days of the lunar cycle into a “moonth.”

PAUL: I remember hearing about a little kid who was explaining, with great seriousness, that the Earth has seven or eight different moons. As he explained it, different ones show up on different nights: one is crescent shaped, one is half a circle, one is completely round, and so on. A pretty sharp observation on his part! After all, no one on Earth is able to observe directly that it really is the same moon from one night to the next. The moon goes out of our field of view for half the day.

GUY: Besides the sun and the moon, careful observation showed that there were five other bright “stars” that changed their places slowly, month by month, among the constellations. One was very elusive, seen only near the sun at sunrise or sunset, popping up for a few days and then quickly disappearing for a few months before coming back again. One was bright and beautiful, dominating the evening or morning sky. One was scary red, sometimes brilliantly so and other times more subdued. A golden one moved with majestic grace among the stars, spending a year in each zodiac constellation. And one, pale yellow, moved very slowly indeed, taking about two and a half years on average to move from one constellation to the next.

So there they were, the seven wanderers: the sun and the moon, plus starlike Mercury, Venus, Mars, Jupiter (our old friend Zeus, from the Krater), and Saturn, named respectively for the gods of speed, beauty, war, majesty, and old age, as befit the colors and motions of those planets. They had the names of gods because they looked and acted like those gods.

Those planets were all known since ancient times … and somebody, long before recorded history, made a week of seven days, with each day named for a planet. Those names live on in many languages—see the names of the days of the week in Spanish, French, Italian—and even English still has Saturn-day, Sun-day, Moon-day. (The other days in English are named for Norse versions of those same gods.)

Now, it was also an observed fact of nature (observation again!) that things that move are alive. Thus, it was clear to those early observers that those planets—which move, as anyone could see—must also be imbued with some sort of life.

Indeed, even the pagan idea of spirits inside rivers and trees was based on such observation and deduction. Things move when they’re alive. And you can see that big living things—animals—breathe. So moving things are livings things, and they have “breath”—which happened to be the same word they used for “wind” and for “spirit”: in Latin, anima, the root of our word “animal.” Anything that has an anima is an animal. No mysticism here; these were merely obvious observations of nature.

That was the best science of its day, back when the Babylonians were first inventing astronomy. That’s the science that was presumed by the writer of Genesis, the best science of the day: the seven days of the week, the breath of the wind on an initial chaos of water, the separation of a flat world under a dome, with water above and below that dome, to explain why water rains down on you from out of the sky and then where the water goes once it disappears into the ground.

The new thing in Genesis was not the shape of the universe: everybody knew that; they could see that for themselves. What was new in Genesis was the idea that the universe was created deliberately, in an orderly fashion, by a God who existed distinct from that universe, already there even before its beginning. That’s the theme that’s common to all the different Creation stories you can find in the Bible, from the two different stories in the first two chapters of Genesis to the “creation without cause” described in the second book of Maccabees. (And that’s what is markedly different from the Babylonian Creation myths, which taught that the world was a mistake, an accidental offshoot of other things the gods were doing.)

PAUL: Ah, that’s helpful—I want to hang on to that idea. What’s new in Genesis is the idea of a universe that is created intentionally and rationally by a God who exists distinct from that universe and prior to it. That’s important.

Science is concerned with the causal laws of nature—with how things work in the universe, with what can and cannot happen in the universe. What you are saying is that the story in Genesis is not about a God who creates within the universe, but about a God who creates the universe from “outside.” So whatever sort of “causality” God employs in creating the universe, it isn’t the same sort of physical causality that we see operating around us in the world—not the kind of causality that science tries to describe and explain. In creating the universe, God is not using the laws of physics; God is establishing and sustaining those laws.

GUY: The Genesis flat-Earth cosmology worked fine if you never left Babylon, but the ancient Greeks who came later had done enough traveling to realize that this cosmology began to fall apart once you started traveling long distances by sea. For example, they’d seen how different stars became visible as you moved north to south; they were sharp enough to figure out that this meant they were moving around on a round ball of a world.

A round world also explained why the shadows cast by tall poles or obelisks showed different lengths, or no length at all, as you moved north or south. Around the year 240 BC, Eratosthenes worked out (correctly) the size of the Earth just from measuring how much the sun’s shadow changed as you moved up the Nile between Syene (now Aswan) and Alexandria, Egypt. And, of course, the Greeks also recognized that they were seeing the round shape of the Earth during a lunar eclipse, when the sun and moon were on opposite sides of Earth: Earth cast a visibly round shadow in the sunlight falling on the moon. The size of the shadow, compared to the size of the moon, even gave them an idea of how big the moon was, and, from that, how far from Earth it lay.

A round world meant that the stars were not in a dome overhead, but fixed into a sphere enclosing the world. The planets were seen to move between us and the stars (sometimes you can see the moon passing in front of a star), so presumably each planet had its own sphere … which obviously was transparent, like crystal, to let the distant stars (and other planets) shine through. Perfectly reasonable, logical, and, indeed, rather cleverly worked out.

Planets did not move in a smooth, constant motion but sometimes doubled back on their paths for a while. These odd motions indicated that these spheres themselves had a complicated motion or—more clever yet—that the axis of each sphere was embedded in another invisible sphere that itself spun along a different axis with a different rate and orientation. But now the universe consists of a great many spheres, many of them completely invisible, all of them moving, and so all of them “animated” by some sort of anima—a spirit or soul.

Indeed, the motions of the planets were as complicated as the movements of human history. Maybe there was a connection? Maybe, if you could predict the motions of the planets, you could also predict what was going to happen next week in the stock market, or who was going to be the next emperor. That’d be useful to know. So the pundits of those days put a lot of effort into working out how to use mathematics to predict the positions of the planets.

C. S. Lewis outlines all this in wonderful detail, in his book The Discarded Image. As he describes it, the way they pictured it, “Each sphere, or something resident in each sphere, is a conscious and intellectual being, moved by ‘intellectual love’ of God.” Lewis notes that “the planetary Intelligences, however, make a very small part of the angelic population which inhabits the vast aetherial region between the moon and the Primum Mobile.”

PAUL: So they thought each planet was alive?

GUY: Not exactly. Each planet was a bright spot embedded in a transparent sphere, but the motions of those spheres (which we see in the motions of the planets) were caused by spiritual beings, whom you could not see directly: “planetary Intelligences” or angels.

These beings were classified by names such as Thrones and Dominions. The last and lowest of the planets is the moon; once you get to the regions below the moon, you find yourself in the realm of “the aerial beings, the daemons.” In some sources, the daemons could be good or bad; other cosmologists of those times divided the good daemons into the upper air, the bad ones into the lower air. By the time of the Middle Ages, Lewis tells us, “the view gained ground that all daemons alike were bad; were in fact fallen angels, or ‘demons.’ ”

And, in fact, this is only the beginning of the census of all the different kinds of inhabitants of the universe as understood in the medieval cosmology, a complexity that is only faintly echoed in modern fantasies such as The Lord of the Rings.

This cosmology operated, with modifications, from the time of the ancient Greeks up until the seventeenth century and the scientific revolution. It’s how everyone assumed the universe worked, during the time of Christ. A few hundred years after Christ, however, we come to Ptolemy, a Greek living in Egypt under the Romans. Using the records of planetary positions recorded for hundreds of years by the Greeks and Babylonians, he devised a geometrical system of circles, and circles within circles, that was able to reproduce where the planets had been and to predict where they were to be found at any given time in the future. And it worked! Sure, he assumed the Earth was at the center; that’s the simplest thing to assume. And if you feel contemptuous of anyone who followed that system, I challenge you to try to come up with a system as good as his. Without analytical geometry. Without algebra. Without Arabic numerals.

PAUL: So on one hand, there was the description of the universe as a set of spheres within spheres, which is generally credited to a Greek from the fifth century BC named Eudoxus. That was completely different from the flat-Earth, domed picture of the universe found in Genesis. And both of them were different from the nested epicycles of the Ptolemaic system. But people were able to live with all these different cosmologies at the same time. This was in part because Ptolemy’s system wasn’t taken to be a description of the real structure of the heavens; it was taken to be a mere mathematical device for calculating the planets’ positions.

GUY: But it’s clear from the writings of the Church Fathers that some early Christians did worry about how to make the various world-pictures fit together. Here’s what Saint Augustine had to say about the matter, in his commentary on the book of Genesis, dating from AD 400. His opening paragraph concludes that “No Christian will dare say that the narrative [of Genesis] must not be taken in a figurative sense. For Saint Paul says: ‘Now all these things that happened to them were symbolic.’ ” (I’m quoting here from John Hammond Taylor’s translation of Augustine citing Saint Paul. Nowadays we interpret this passage from Saint Paul differently; but the point is not what Saint Paul actually said, but what Augustine understood him to be saying.)

And after nineteen chapters of interpreting Genesis figuratively, in the light of then-modern physics, Augustine concludes by writing (again quoting from Taylor’s translation):


Usually, even a non-Christian knows something about the Earth, the heavens, and the other elements of this world, about the
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