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I have two astronomy textbooks on my shelf that I think have particularly interesting titles.  One is called “The Essential Cosmic Perspective” and the other “Your Cosmic Context”.  Context and perspective.  I like that, because to me these titles really reflect what astronomy—and in particular cosmology is all about.  Where do we fit into the grand scheme of things—the really, really grand scheme of things?  What is the universe?  How did it get here?  What’s going to happen to it?  Where do we fit within it?
The area of astronomy that deals with these sorts of question is called cosmology.  Cosmology is the branch of astronomy that explores the large-scale structure of the universe (so, the big picture spatially) and the long-term life of the universe—origins, evolution, and eventual fate (in other words, the big picture temporally): the biggest questions science can ask.  These are what I’ve been asked to discuss.  Obviously this will be a very general survey, and if you’re interested in exploring any of these topics in more depth, I’d be happy to talk to you further.  You’re also welcome to take astronomy, in which we explore some of these questions in a little more depth.
Context and perspective.  If we focus on cosmological questions from the spatial point of view, what sort of context or perspective can we find?  My portion of this talk has been titled “The Heavens Declare”, and if they do declare anything, we need to know a bit about them to understand what it is exactly that they might be trying to declare.  Our context does matter—our ideas about the universe shape our ideas about ourselves and perhaps more deeply our ideas about God.  

One of the reasons that the topic of cosmology was chosen for our discussion today is the fact that this year is the International Year of Astronomy, which celebrates the 400th anniversary of Galileo’s first astronomical observations with the telescope.  About sixty years before these observations, a Polish priest and mathematician named Copernicus had published a book positing that the Earth was not the center of the universe and instead was spinning through space and revolving around the Sun.  Leaving aside the metaphysical ramifications—which were considerable—this had incredible implications for scientific conceptions of the world.  It was so difficult for natural philosophers of the period to swallow, that it remained little more than a mathematical model—convenient to use but not considered to provide any actual picture of reality—for decades.  

Galileo’s observations were the first pieces of observational evidence that began to lend credence to Copernicus’ idea of the heliocentric universe.  This was the birth of modern astronomy and the beginning of a shift in paradigms that forever changed our perspective on and context within the universe.
So what is the universe we find ourselves in today?  Well, we’re no longer the center of the universe, to be sure, but we should still start from here because of the simple reason that it’s where we are, and all of our explorations and observations start from this point.  Welcome home.

[Blue Marble image]

Planet Earth.  This is the iconic image taken from the Apollo 17 astronauts, barely two hours after leaving Earth orbit, heading for the Moon.  They call it the “blue marble”, and this image shaped a generation.  Suddenly we were indeed all together, fellow travelers, on a blue-green stone, hurling through space.  
We’re travelling right now.  How fast are we moving?  In the next half-hour, the Earth’s rotation will carry us all almost four hundred miles eastward.  Its revolution around the Sun will carry us over thirty-three thousand miles along its orbit.  The solar system’s orbit around the center of the galaxy will take us almost two hundred and fifty thousand miles further along on its 250 million year course, and our entire local cluster of galaxies will have slid hundreds of millions of miles toward a larger super-cluster of galaxies.  

Obviously we don’t feel any of that, because motion is only defined relative something else.  We’re pretty much motionless relative the confines of this room, and that’s good enough for us.  But seen from any “outside perspective”—from Earth orbit, or from outside the solar system, or from outside the galaxy—everything is a contusion of compounded motions, wheels within wheels, and we’re being carried along.

[Pale Blue Dot image]

Let’s step out a bit farther.  Space is big and it’s dark and it’s cold.  We send little ships skipping out into that darkness, and occasionally they turn around and look back.  You’ve probably seen this image as well.  It’s called the “pale blue dot”, and it was taken by Voyager 1 from a distance of over four billion miles.  Voyager had been travelling for twelve years.  

That’s us, and the analogies that spring to mind about dusts specks and shafts of light are rather hackneyed but still probably apt.  Carl Sagan liked to use this picture and point out that everyone you know, all human history, every person that ever lived and died and every war fought or building built and work of art worked—all happened there.
But if that doesn’t make you feel small enough, I’ve got to add that it’s not quite true.  If that tiny blue dot was an apple and you sliced the apple in half and held it up and then looked at just a tiny sliver of the peel of that apple—that’s where all that stuff happened.  And not even there really, because most of that peel would be water.  But I think you get the point.

Context and perspective.

I’m not simply trying to hammer you over the head with the fact that space is very big and we’re very small, though that’s true.  I think one of the strengths of Christianity is that it can hold on to the very, very big and still not neglect—in fact, still treasure—the incredibly small, namely us.  Because, as big a universe as you like, what’s the use if there’s no one around to see it, to appreciate it, and perhaps to give thanks for it?  And that dot right there is our front-row seat.

So where to next?  In the interest of time we’ll pass over most of the solar system, though as far as real physical exploration goes, this is where it starts getting exciting.  Because we’re out there, in it, learning about it.  We have rovers on the surface of Mars and robotic probes exploring the rings and moons of Saturn right now.  But cosmologically speaking, we can leave it for another time.

[Night Sky image]

Let’s step it up to the next level.  Every star that you see in the night sky is a part of our galaxy.  Most are on the order of tens, hundreds, or thousands of light years away.  We use light years because at this scale miles or kilometers would be just silly.  A light year is on the order of trillions of miles, but it’s useful because besides measuring distance it’s a way of signifying the travel time of light.  If a star is one hundred light years away, the light we see tonight from that star left it one hundred years ago.  You want to see what the universe was like the day you were born, find a star that’s as many light years away as you are old.  Look at it, and your eye is drinking in light that’s been traveling to you for your entire life.  Look at anything farther away and you’re seeing it as it looked before you were born.  For perspective here, light takes eight minutes to get from the Sun to the Earth and about a second from the Moon to the Earth.  It takes years from the closest stars.
[Milky Way image]

We want to try to really wrap our mind around our own galaxy.  Historically, this has been a bit difficult.  We’re not even 100% sure what our own galaxy looks like.  This may seem strange, but the analogy is having spent your entire life living on a certain street in Chicago and being asked to draw a map of the city.  You don’t have a good idea what it looks like because you’ve always been in it.  Buildings and stuff get in the way.  It’s the same thing with our own galaxy.  Someone could fly over Chicago and draw you a map, but even if we sent a probe heading out of our galaxy at the speed of light, it would take tens of thousands of years to get out far enough to get a good picture of what we looked like from the “outside”.  So we do the best we can, which actually turns out to be pretty good, and we look at other galaxies.

[M101 Hubble image]

Here’s a picture of one of the other galaxies we look at.  This is M101, and it’s actually one of the images we unveiled this past weekend in the planetarium.  We think the Milky Way looks pretty much like this from the outside.  Galaxies are cities of stars—they’re collections of billions or even trillions of stars gravitationally bound.  Think of the Milky Way in the cosmological scheme of things as our Bourbonnais-Bradley-Kankakee area, our cosmological neighborhood.  But how big is this really?

I could give you numbers, but on this scale they stop meaning a lot.  An easier way to do it is to build a model, so that’s what we’re going to try to do for our own Milky Way galaxy.  We’re going to build a model, and we’re going to start with our solar system, because our solar system is a part of our galaxy.  But instead of worrying about all the planets and comets and asteroids and moons and dwarf planets that are a part of our solar system, I’m just going to boil it down to the Sun.

It’s fair to do this, because the Sun is basically the solar system.  If you had a ball of modeling clay and you were going to make a model of the solar system, you’d take 99% of the clay, form it into a ball, and call it the Sun.  Then you’d have the leftover 1% to make everything else—and most of that 1% would be Jupiter anyway.  So, on the scale of the entire Milky Way, I think it’s fair—for simplification—to just start with the Sun.

Still though, the Sun is millions of times larger than the Earth, so we’ll need something fairly big to represent it, so I’ve chosen this.  It’s a candy sprinkle.  That’s our Sun.  Our own planet would be a speck orbiting it at a distance of less than your thumbnail.  So the Sun’s a candy sprinkle, and we’ll use another candy sprinkle to represent our nearest neighbor in our galaxy, a star called Alpha Centauri.  

So before we get to the rest of the galaxy, just considering our nearest dearest neighbor, how far apart should we put these candy sprinkles?  You would need to carry the Alpha Centauri sprinkle out of the auditorium and walk about two hundred yards.  When you get that far away, hold it up over your head so we can all see it.  The sprinkle here in the auditorium is the Sun, and that sprinkle out there two hundred yards away is our nearest neighbor in space.
How many of these candy sprinkles would we need to make our galaxy—and remember: this is just the Bradley-Bourbonnais-Kankakee community of our universe.  Our “neighborhood” is estimated to have about 200 billion stars.
200 billion.  Again though, that’s just a number.  Let’s try to give it some context.  If we’re talking candy sprinkles, you’d need a school bus.  Fill it up to the top with candy sprinkles.  Then get another school bus and fill it with candy sprinkles.  And another.  And another.  Do this with fifteen school busses, and you’ve got enough candy sprinkles for your galaxy.  Send your school busses out in every direction, dropping off candy sprinkles every two hundred yards or so.  Sometimes the stars will need to be grouped closer—like at the galaxy’s core—and in other places you’ll need to spread them out a bit more.  Do this all across the United States, and then you’ll still have some sprinkles to send on busses down into Mexico or up into Canada.  When you’ve covered an area roughly the size of North America, you can stop.

This is our cosmological backyard.  200 billion stars spread out over hundreds of thousands of light years.  Or, if you like, fifteen school busses of candy sprinkles scattered across an area about the size of North America.

Pick up one of those candy sprinkles off the ground.  Make a ring around it with your finger.  That’s how far we’ve been—and that’s not really us, that’s our robotic space probes.

Context and perspective.
[Star Cluster image]

But let’s stop here for a minute and just look, because there’s more in our neighborhood than just candy sprinkles.  This is our cosmic backyard, and it’s full—it’s teeming—with stuff to look at.  Take the candy sprinkles themselves.  The stars are a cornucopia of colors and sizes and temperatures.  There are giant stars that would swallow our star a thousand times over.  There are stars in pairs or pairs of pairs or dense clusters.  The stars are the furnaces God uses to make stuff.  Every atom in your body was built in the core of a star.

[Orion Nebula Hubble image]

Stars have life cycles as well.  They’re born.  Here’s an image of the Orion Nebula.  You can see it with your naked eye on a dark night this time of year.  In our candy sprinkle model, this would be a cloud the size of a shopping mall, at the heart of which gas was falling together and forming new candy sprinkles.  It’s lit up by their light.  These are the newest stars in our sky, just a few million years old.

[Planetary nebula image]

Stars die.  Depending on their size they go sedately or in tremendous explosions called supernova.  Even the ones—like our Sun—that go sedately though certainly don’t go without style.  As a lower mass star dies it shrugs off its outer atmosphere, forming objects we call planetary nebulae.  These are like puffs of smoke, wisps of cloud.  Come back in several thousand years and they’ll be gone, dissipated back into the dust of space.

When a big star dies, it briefly flares up brighter than an entire galaxy.  One candy sprinkle, for a moment glowing brighter than the combined brilliance of all the other 200 billion.  

[Crab Nebula pulsar image]

Stars leave behind weird things when they die.  Matter behaves strangely in the cores of dead stars.  It collapses into forms we never see on Earth.  If the star is big enough, it collapses into something we can’t really understand and only barely explain: a black hole, a point of infinite density.  We can’t see these because light cannot escape their gravity, but we can see things spinning around them like water funneling down a drain.  This picture is not actually of matter swirling around a black hole but around another exotic object called a neutron star.
[Exoplanet images]

There are other things.  We’ve always assumed that other stars in our galaxy have planets, but now we know.  Over three hundred exoplanets have already been detected, and just this past year one was actually imaged for the first time.  We see other solar systems forming, and we see other planets around other stars.  Go out tonight and look for the bright star Pollux in the constellation Gemini.  The star’s easy to find.  There’s a planet around that star.  Most of the exoplanets we’ve found so far are huge (Jupiter size or larger) and much closer to their star than Earth is to the Sun—not likely places for life as we know it.  Smaller planets like Earth are harder to spot.  But we’re getting there.  Next week NASA is launching its Kepler mission that will specifically search for Earth-like planets around other stars.  It’s very likely that within our lifetime we’ll have discovered a planet with physical characteristics similar to Earth around another star.

Context and perspective.

Welcome to the neighborhood.  But cosmology is about the big questions—the really, really big questions, and so the next question spatially is, what’s next?  
Hold a speck of sand (or a candy sprinkle) out at arm’s length.  Do it at night and pick a part of the sky that seems devoid of any stars—an empty spot.  This is what astronomers did with the Hubble space telescope.  They focused it on an empty patch of sky for and let it take an image, gathering light for X days.  This is what they saw.
[Hubble Deep Field image]

Galaxies.  Galaxies upon galaxies.  The points of light in this image are not stars.  They’re cities of stars.  The dimmest are so far away that their light has been traveling for almost as long as there’s been a universe to travel across.  We look out to the edge of space and back to the edge of time and see the universe, and it’s vast and it’s thick with creation.  

Context and perspective.

Where do we go from here?  Even such a brief and whirlwind cosmological tour brings up questions of philosophy and theology and faith.  As we engage these questions, I would simply leave you with a challenge.  The problem with contemporary debate on these questions is that it couches the dialogue between science and faith in terms of conflict, and in this perceived “conflict” it often seems as those who feel they need to defend faith against science in the long run do the most injustice to creation.  When we fear what observational astronomy—what science—has to show us of the universe, when we demand that it conform with our own understandings or interpretations of scripture or theology or how we think God works, we constrain wonder.

So my challenge to you when faced with a resplendent universe: certainly don’t be afraid to grapple with the questions that it raises, but first, at least for a moment, just look.  Just listen.  Let the heavens declare.  You may find they can speak for themselves.
