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Coordinator:
Welcome and thank you for standing by.

At this time all participants on a listen-only mode until the question and answer session of today's conference. At that time you may press Star 1 if you'd like to ask a question.

Today's conference is being recorded. If you have any objections you may disconnect at this time.


I would now like to turn the call over to speaker Ms. Vivian White. Ma'am you may begin.

Vivian White:
Thank you so much and hello everyone this is Vivian here from the Night Sky Network. We are so glad you could join us this evening.


To begin with let's make sure we’re all on the same page. Tonight we’re going to be hearing from Dr. Chris Impey a Professor at the University of Arizona on the topic of cosmic beginnings.


If you don't have the slides up in front of you can see them online just go to www.astrosociety.org/nsn telecom that's astrosociety.org/nsntelecon.


And if you have any problems along the way feel free to email us here at nightskyinfo@astrosociety.org.


All right so Chris is one of my very speakers indeed one of my very favorite speakers. And I know you're going to enjoy hearing him speak tonight too.


But before I introduce him let's get an idea of who's out there on your end listening in. I know Marni Berenson is here with me and we’re both calling in from Astronomical Society of the Pacific in San Francisco. Hi Marni?

Marnie Berenson:
Hi everybody. Good to hear from you.

Vivian White:
And so now let's open up everyone's lines for just a minute. If you can tell us your name and where you're calling from the operator will let you know when the lines are open.

Coordinator:
At this time all lines are open.

…

Vivian White:
All right will you just let us know when all the lines are turned off operator?

Coordinator:
Yes I will one moment.

Coordinator:
At this time all the lines are closed.

Vivian White:
All right wow was it was wonderful to hear from everybody all across the country. I just want to make a couple of quick housekeeping notes before we get started.


Don't forget this Saturday the 22nd is the International Observe the Moon Night. And I know a lot of you have events planned.


Any events that you post publicly on the Night Sky Network Web site will also be seen on the homepages the Observe the Moon Web site. So you get more bang for your buck there. You get a lot of publicity I'm sure.


And I also want to remind everyone to stick around after the presentation and the Q&A session because Chris is going to give away a signed copy of his new book to one lucky listener tonight.


So now without further ado let me introduce Dr. Chris Impey distinguished Professor and Department Head of the University of Arizona's astronomy department.


His work centers on observational cosmology, evolution and structure of galaxies and gravitational lensing.


His research is prolific. And he has published over 160 journal articles. And it’s to say he’s a really big picture of Gerber and Thinker.


He’s an excellent teacher as evidenced by the dozens of teaching awards he's received, two text books, and numerous articles that he's written.


His popular books include the Living Cosmos on astrobiology. And the book How it Ends about the fate of the universe.


His most recent is very popular book How it - How it Began the Time Traveler's Guide to the Universe is the basis for Chris’s talk tonight.


And I'm not going to hold him up any longer. Dr. Chris Impey you have the floor. Thank you for joining us tonight.

Chris Impey:
Okay thanks Vivian and thanks for the invitation and I'm really glad to be speaking to you all scattered across the country from Maine to Arizona.


I won't annoy the Maine contingent by saying that it was a balmy 90 degrees here in Arizona and Sunny.


But I want to talk about cosmology my favorite subject. And I can assure you that although you can’t see me and I can’t see you it is really me -- I'm not an avatar or a bot -- or at least by the end ff we’re doing questions and I'm still fooling your you’ll realize it was a very clever computer program.


No I'm really here. And I want to talk about the story of the beginning of the universe which is an emerging set of research ideas that have really gelled into a theory that astronomers think has great validity the Big Bang Theory of course.


And if you ask most astronomers and even people that understand theories across science they would put the Big Bang at almost the same level of epistemological certainty as a degree of - as a Theory of Natural Selection for example.


So it really is not just a speculative idea anymore it has a web of evidence to support it.


And as we start if you're looking at the first slide the background image on that slide is one of these gorgeous supercomputer simulations where you're looking actually just at pure dark matter. Simulation doesn't include normal particles like we’re made of.


And from purely smooth initial conditions in the early universe it crystallizes by just the force of gravity into this gorgeous filamentary structure which is called the Cosmic Web by astronomers in fact.


So let's just get started. Second slide just shows the couple of books I've written and of course in not correct order.


I did a book on endings first -- and that's kind of gloomy and I didn't want to -- so that was a bit depressing so I figured I better loop around and do beginnings so I did beginnings after I did endings.


And it's fun writing books. It's kind of hard. It's kind of a solo activity. And you come out of your cave after a year and hopefully you have a book that someone else might want to read but it's fun doing the research. I really enjoy that.


So as we keep moving I'm going to talk about space. And just start with the little three step analogy which I think is a kind of useful thing to almost keep in your head.


It's simple enough. You can just remember this and, you know, on those locations where you find yourself at a supermarket checkout -- which happens to all of us -- and you all know a lot about astronomy.


So it's a good way to regale the people that are standing with you in the line at the grocery store, you know, they may run away in horror and that's fine because then you have a shorter line or they may be very interested and then this is a little pocket version of how big the universe is.


So we move to the fourth slide and I'm very grateful for one of my listeners for pointing out a mistake in my scale model because I had matched up two different scale models in different talks and so he corrected me on that and I'm grateful.


The first step of the scale model essentially puts the earth down to size of a walnut which is a reduction by factor of 500 million. So it's like a map with a legend of one in 500 million.


And there to get a perspective on the space program -- you have the Moon at arm’s length a pea sized object -- and the sum of all our venturing in space with humans the 12 people set foot on the Moon, it’s two dozen that went there, $60 billion it would have cost in 2012 dollars just to go in our arm’s length in space in this scale model because it was Sun is 300 meters away on this scale.


The outer solar system is five or six miles across. And the nearest star is a sort of staggering 50,000 miles or 80,000 kilometers away.


So the star distances are just crazy. And there is your perspective on interstellar travel. But if the getting to the Moon at arm’s length in this scale model cost all that money and was so hard we haven't been back there for 40 years you can get a glimpse of a hard it's going to be to visit the stars.


Nevertheless I'm still an optimist about space travel. I just think we’re in the teething phase and you got to take the long view on this stuff.


I think in a few decades we’ll be back out there doing our thing. And I do actually believe in a couple of generations we might even manage something approaching interstellar travel but not for people it'll just be for a little nano bots are tiny little probes.


I’m move to the next slide which shows the second stage in this model or actually shows another aspect of the first model which is that factor of reduction is not accidental it conveniently reduces light speed to slow walking speed.


And since light is the fastest thing there is in the universe according to special relatively an experiment everything we look at in space is old.


So distant light is old light and the sense of that comes from the little scale model all the information is carried at walking speed.


So the Moon is a second or (so’s) walk away just a yard. The Sun just a yard the Sun is eight minutes’ walk away that's how old sunlight is.


And it's, you know, a fraction of the day to walk across the solar system and four years to walk to Proxima Centauri or the nearest star.


Again giving a sense of how vast the stellar scales are compared to the solar system scales.


And that's - there’s no way to know what those nearby stars are doing right now. We’re stuck with seeing what they were doing some years ago.


And by the time we move out into the larger universe as we'll see those look back times as they're called become very large.


So now we’ll move to the next slide that’s slide six which shows the reduction by another factor of ten million.


We've already gone down by 500 million. So we’re racking up the orders of magnitude here.


This takes the {correction: size of the Sun} periphery of the solar system or if this is Neptune say to the size of a small grain of sand maybe a 10th of a millimeter so not a big one but a small one.


And if you had something the size of your house you might only have a handful of grains of sand in that house volume. So the distance between stars is large that’s just a different reflection of that fact.


And now we can put the whole Milky Way galaxy of which we’re a part and it’s vast. It's the size of the continental United States or the disk of our galaxy.


And so you can just imagine roaming across the United States in a car where -- scattered, you know, small enough of course you wouldn’t be able to see them -- grains of sand scattered by ten or 20 meters between them across the entire continent. That's a reflection of what the disk of our galaxy would be like in true space.


And of course that grain of sand is mostly empty space too that's just an object to represent the solar system where most of the volume is empty.


The Milky Way has if you count down to the red dwarf limit of about 400 billion stars. So that's how many of those grains of sand would be scattered across the US and also up and down because the Milky Way has a spherical halo not just a disk.


If we go to the next slide we take the final steps because we’re still -- with something the size of this country -- we’re still just looking at one galaxy.


The universe now is revealed through large telescopes to have many galaxies. We take this scale down to the size of a small dinner - a small plate actually more like a saucer than a plate and that's the disk in the Milky Way.


And then nearest galaxy are three, five maybe ten meters away it depends on what part of the universe you're in.


So again in a house sized volume you might have a handful of galaxies that would be like the local group as we call it.


And the universe the observable universe because there actually is probably stuff beyond what we can see would be the size of a large city something like New York, or Philadelphia or Chicago.


And so filled with dinner plates or elliptical galaxies -- they’re not round they’re spherical -- and billion of galaxies are within that space actually 100 billion.


So there in three stages is the visible universe. And you've done 23 orders of magnitude of reduction for this final model where you still are only fitting the observable universe in a pretty big city is 23 orders of magnitude reduced from the real universe we live in.


So that’s something that you can sort of take away and play with and use but let's talk about the contents in slightly more detail.


The next slide is Slide 8 just a picture of a bag. What's in the universe is been measured pretty reliably now by these large telescopes on the ground and in space.


The census of galaxies from the Hubble Deep Field -- which is in the deepest picture of the sky ever made reaching about ten billion times greater than the eye can see -- is in round numbers 100 billion galaxies it’s actually more like 80 billion.


But right down near the limit it's actually hard to predict or project the total census but that's a good round number for it. And these are scattered in universe whose dimension is 46,000,000,000 light years.


And now if you're knowing about cosmology already you'll be aware the universe is 13.7 billion years old and it might immediately raise a question how can the universe be 46 billion light years out in any direction and yet it's only 13.7 billion years old? I'm going to get to that. That is a good question though.


So that’s Slide 9. And then the next slide puts a stellar census on the galaxy census. And it's 10 to the 23.


So the Milky Way is slightly larger than a typical galaxy. But if you do the averaging for a typical galaxy the number of stars in the observable universe is 100,000 billion billion.


And my calc is really not about anything other than cosmology but if you're interested in astrobiology -- which I am too haven written a book on it and it’s just a recreational interest of mine -- you will be aware that with Kepler and planet hunting really going great guns right now the best way we can describe what we find in the very nearby universe within 100 light years is that it's almost certain that every Sun like star has an earthlike planet.


There's a lot of nuances to the research but in general terms that's pretty much what it's looking like and also dwarf stars.


We've also started to find planets on dwarf stars so it doesn't have to be a Sun like star it’s just that that's the best place to look for life perhaps.


So that 100,000 billion, billion stars in the observable universe is probably -- in round numbers -- the number of Earth’s or earthlike planets in the universe.


And that's a staggering number because if you're wondering about the existence of biology beyond the earth you essentially have to wonder what fraction of those 100,000 billion billion potential biological experiments never happened or were sterile petri dishes where nothing growth.


And if some significant fraction even if of course a tiny, tiny fraction of them only became living it's a vast number of biological worlds in the universe. And that's an extraordinary insight that really comes from cosmology.


So we keep moving to the number of atoms Slide 11 turns those number of stars with a typical mass of an average star into the number of atoms in the universe.


And we know from cosmic chemistry that virtually all of these more than 99% of them are the two simplest elements hydrogen and helium.


So the universe is really quite simple at heart. It's made of a huge number of stars grouped into galaxies. And most of the material of all those stars is hydrogen and helium the two simplest elements. In that sense the universe is simple.


As an aside 10 to the power 80 one with 80 zeros after it is probably the largest pure number in science, you know, a real number that you could count if you had the patience of things in the universe. It's an extraordinary number of course.


And on the next slide you see the number of photons in the universe waves of light or radiation of any kind because there are roughly -- there actually closer to a few hundred million in round numbers 1 billion photons for every particle -- so there are 10 to the 88 or 89 photons in the universe.


And because of the nature of photons interacting and they're not identifiable in the same way that atoms are so that's a slightly less well determined number.


But it is clear that there’s more light than matter. It's just that the radiation or the light that it’s been stretched to microwaves is very feeble. And so we don't notice it. And I'll come back to that.


So to some - so far on page on Slide 13 you see a reflection of the Copernican idea that not only are we not the center of the universe where the universe is just the Sun and the planets. We’re not the center of the universe in any way that we can determine.


We - there's nothing special about our planet, about our star, about the position of the Sun in the Milky Way, and there's certainly nothing special about the Milky Way as a spiral galaxy.


We’ve found thousands, and thousands, and thousands of them they all look very similar to ours.


And it's a very large universe. And we are not special in any way which I don't know if that's a good thing or a bad thing.


It certainly would be strange if our position in the universe was unusual it would actually inhibit us from making theories of the universe.


So if we can offend we can only do cosmology by assuming that we have no special or privileged position and everything we've seen so far collaborates that.


So the next slide shows the cosmic pie if you like the composition of the universe based on all the observations so far.


And it's a striking picture which I’ll only mention parts of briefly is this as you can imagine this is a pretty high degree of compression to talk about cosmology in 35 minutes or so.


So I'm going to leave a lot of stuff out or swiftly plow through a big topic with a few sentences when it could warrant a chapter in a book or a whole lecture on its own.


Anyway the notable features of the cosmic pie chart are that the stuff of all those -- remember the number hundred thousand billion billion stars -- are in that little green wedge of the pie.


And you see that it’s half a percent. So it's staggering that that vast stellar census which is the visible parts of those hundred million galaxies is less than a percent of the stuff that we think is out there.


There are some smaller components neutrinos which because they oscillate between the flavors of neutrinos and are almost certain to have mass but we just haven't been able to measure it yet. There are significant components almost as significant as all the stars.


And because hydrogen and helium is the bulk of those stars well the heavy elements carbon and beyond are trace materials of the solar system.


There is a ton of hydrogen and helium that's not in stars that’s in diffused gas. And you can see that it outweighs the star content of hydrogen and helium by almost an order of magnitude 4%.


But all of that is a sideshow because you can see that the two biggest ingredients in the universe are dark matter and dark energy.


And to cut to the chase on those two items we simply don't know what they are yet. We have slightly better ideas about what dark matter is because we've been able to rule a lot of things out.


But for dark energy we’re in the dark literally and metaphorically. We don't know what dark energy is.


Dark matter we have been able to rule out black holes, refolding planets, dark particles in space.


We've essentially ruled out everything except microscopic fundamental particles. But some variety of which with the appropriate properties are predicted by, you know, current physical theory.


But these never been observed in a lab so astronomers are the only ones with a handle on dark matter at the moment just by saying that it exists in this large amount


Dark energy makes its presence felt only in the accelerating expansion of the universe which I will come back to briefly.


So that's the universe. And you can look at that as a glass half full or half empty. It's amazing that we've made a stellar and galactic census of the universe with big telescopes. That's a great success.


On the other hand our job is clearly not finished is 95% of the universe is made of stuff that we don't understand. So cosmology is still fun and it's not over yet.


On the next Slide 15 you'll see a couple of the major players in history of cosmology. I'm not really going to do history at all but that progression from Copernicus to the 20th century is that continuing evolution of our awareness where we’re not special in any way in the universe.


The primetime of early cosmology was of course the first few decades of the 20th century when Einstein developed a general theory of relatively which is the physical theory by which we describe the expanding universe.


And Edwin Hubble demonstrated the distance to the Andromeda nebula is that many of the nebulae were distant systems of stars and that the universe was expanding a phrase he never really used in any of his papers.


And if you go to the next Slide 16 it’s identical to the slide before except for the corrective measure that I have overlaid Vesto Slipher on top of Edwin Hubble.


That's a very - I'm in that something I've been aware of for a while but interestingly just last weekend virtually a few days ago I came back from Lowell Observatory where there was a conference on the hundredth anniversary of the first measurement of galaxy redshift by Vesto Slipher.


And perhaps known to some of you but absolutely not known to the general public and even not fully known by many astronomers is the fact that Hubble got rather, you know, Hubble is beyond reproach his place in history is secure.


The space telescope was named after him and so on. He got rather too much credit for discoveries that heavily depended on others that includes the Sephiads which were dependent on the work of others at Harvard Observatory and it especially includes the expanding universe.


Essentially all the redshift that he used in his pivotal 1929 paper were measured by Vesto Slipher 25 out of 29 of them.


Moreover Slipher had a paper where, you know, in a sort of roundabout way he speculated about the fact that the universe, you know, might have something dynamical going on because he'd seen only redshift’s and no blueshifts. So it seemed like everything was moving away.


And there were also theorists at the time -- and this is again a decade before Hubble published his work -- that were speculating about an expanding universe.


So this little meeting in Lowell Observatory that I just came back from was a nice corrective measure because it's the home of Slipher where he did his work.


He’s known mostly to other people as the person who directed Clyde Tombaugh in the discovery of Pluto in that research because he became the director eventually of Lowell Observatory.


But truly his contribution to cosmology was profound because he essentially kicked off the whole subject.


He was just a little too modest and Hubble was extremely immodest and so history books were written a particular way. And unfortunately even astronomers don't refer back to the primary literature.

So what happens when the word is written down a certain way at the time it just gets compounded or cemented by subsequent generations who never go back and look at the original research they just propagate what they’ve seen in the book that they read.


So that's a little side light on the history of astronomy.

If we go to the next slide look back time which I mentioned that in the scale model reducing the size of the universe distant objects are old objects, so distant light is old light.


And this is a fundamental aspect of cosmology. And it sounds like a deficiency but it's not at all. It's a wonderful feature of cosmology. It means that telescopes are time machines and you can look back in time with a big telescope.


If we go to the next slide I'll summarize just in a couple of slides the basic attributes of the universe that tell us our view that it was different in the past.


So the first is the redshift. And it's important that conceptually and physically it's not a Doppler shift.


It’s not the same as the compression and rarefaction of waves when the source of waves is approaching you or receding from you as in Doppler shift of stars or as in the compression of sound waves from a siren.


It's the expansion of space time itself the manifold of space time to put it mathematically.

And so it's a reflection of universal expansion not a relative motion of any two things. And that's a key attribute of cosmology that's been known of course since Slipher’s day.


So we just had the 100th anniversary. So it's exactly 100 years that redshifts have been known.


The second feature which I’ll come back to is the microwave background of signal that you see in the spectrum there that's essentially perfectly thermal, extremely cold, it's thermal radiation coming from a temperature of three degrees Kelvin so three degrees above absolute cold. That's almost perfectly the same and intensity in every direction in the sky.


If we go to the next Slide 19 you'll see the third and fourth attributes of the universe that allude to a hotter denser past.


There is the fact that we see far too much helium and there's also deuterium and lithium but just let me concentrate on the helium.


There is far more helium than could possibly have been made by those hundred thousand billion billion stars in 13.7 billion years. That's an easy calculation for astrophysicists to make.


However the entire universe was once in the first few minutes hot enough to make helium by fusion the same process that the Sun does.


And they did it for a very short time but it made a lot of helium. And that amount of helium we see perfectly matches the prediction from our hot Big Bang model that's a maybe a less well known but very empathic piece of evidence in favor of the Big Bang.


And then the final piece of evidence which is really anti-evolution rather than the Big Bang itself is the fact that when we look back in time we do see smaller and more regular galaxies.


We see the galaxies have evolved. And essentially they've grown by mergers and acquisitions over cosmic time. So that is also a clear sign that the universe has not always been the way it is now.


Go to the next slide the Big Bang. This is a gorgeous picture 19 - Slide 19 the picture of the microwave background as seen from the WMAP satellite.


And the thing to remember when you see this picture it's very well-known it's color coded by temperature so red is very, very slightly hotter and blue is very, very slightly cooler is how very, very slightly that is.


The temperature that 2.6 Kelvin is the same across the sky this is the whole sky you're looking at to within about 100,000th of a degree.


So that peak to peak to valley variation you're looking at between red and blue is just one part in ten of the five. Mostly it's incredibly smooth and uniform.


And these fluctuations or spackles are the - probably the little seeds from which galaxies grew in the early universe.


So we'll move on from that. And just summarize the evidence to the Big Bang and try and justify my contention that it has strong statuses of scientific theory in the same realm as natural selection or other great theories of science.


It's got to make predictions that are verified. And the Big Bang has made predictions that were verified actually decades ago.


And it's continuing to make predictions that are verified by better and better telescopes and instruments in space.


So there is no, you know, major fly in the ointment for the Big Bang model. All the major things we found agree with it.


Let's move back to the microwave background on Slide 22 the next slide because it was probably the clinching evidence for the microwave - for the Big Bang.


When the microwave background was detected it essentially ruled out competing models like the steady state where galaxies might be moving apart and new matter would be created from a vacuum between them thereby enabling the universe to be expanding and yet always look the same over time quite a clever idea actually.


But the city state picture has no way of predicting why there should be this radiation bath that we’re immersed in of microwaves.


The Big Bang does predict it. And also predicts it to have exactly the temperature that was measured back in 1965.


What is this signal? What is this radiation? It's the signature of the universe at the first time that it cooled enough for stable atoms to form.


So before this time -- 380,000 years after the Big Bang -- the universe was an ionized gas of plasma.

And light or radiation would bounce off the electrons and couldn't travel very far. So it was like looking into a fog. It's not transparent.


After that time it cools enough for stable atoms to form. And the radiation for the first time can travel freely and that's why we see that picture the microwave background.


That is an image of the universe an infant picture of the universe 380,000 years after the Big Bang.


And if you think about that 380,000 as a fraction of 13.7 billion it's very small. If this was a picture of any of you -- assuming we’re all middle aged say -- it'll be a picture of any of us when we were one hour old.


It's an incredible early snapshot of the universe that's one extraordinary thing about it.


And the other is just how amazingly uniform it is. The temperature of the universe then was 3000 Kelvin. And it's very analogous to a stellar photosphere.


And since then the universe has expanded by a factor of 1000 and it's really simple math the temperature just goes down by its size.


And so the 3000 Kelvin then has cooled to three Kelvin now which is microwaves and that's what was detected.


If we go to Slide 23 you see the analogy not just with photosphere but also with the cloud, the surface of the cloud, the center of the cloud or inside a cloud where you can't see anything is just a place where the density of water vapor is high enough that light bounces around and doesn't travel freely.


The edge in the cloud is a place not dramatically different where the density of water vapor is low enough that light travels freely and we see it as a surface.


And that's pretty much what’s going on in the universe by analogy. It's a fog that just stops you seeing before that time.


And so it's a redshift of 1000 which it far exceeds the redshift of any astrophysical object we can detect. The highest redshift for galaxy say is under ten it’s probably eight.


Let's go to Slide 24 and you can see how the technology of satellites and microwave detectors has dramatically improved in the time since the original discovery.


Penzias and Wilson's accidental discovery leading to a Nobel Prize a few years later is shown in the top view with their horn antenna which is Holmdel, New Jersey.


And then you see the Kobe satellite and then WMAP which finished its work just a couple of years ago.


Extraordinary gains in sensitivity and quality of the data by three or four orders of magnitude.

So technology has served cosmology very, very well in the last few decades and it’s one of the reasons our confidence in the Big Bang is so high.


On the next slide you'll see that the specs on the TV -- if you can find an old fashioned TV I know they still exist I still have one actually a tube TV -- 1% of the loss for interactions when you're looking at snow between stations or actually interactions with microwaves background telecons.


And, you know, if you're bored one evening if it's cloudy and you can't do your observing I recommend you turn your TV between stations and just watch the fuzz, you know, it's better than the garbage on those 200 stations you’ve paid for you’re watching the Big Bang you can’t beat that.


Twenty six the next slide we’re now going to talk about the Big Bang itself and move straight on to Slide 27.


It's a state that we can't truly physically understand. What happens is our theories take us close to the beginning.


They take us as far back as we can possibly get. And then the last part of my talk I'm going to kind of talk about the limit of the theory that's hopefully persuaded you that the theory has some strong evidence to support it and that evidence has been around for a while.


But now let's just talk about the limit of the theory. We can't describe the singularity. We cannot describe the beginning of the universe because we would need a theory that unites gravity and quantum theory. And we don't have that theory.


So the initial state is not comprehensible by current astrophysics or physics. If indeed the Big Bang can be thought of as a quantum event then you have a theoretical framework for other universes but that is speculation.


I'll just say it put it out there because people talk about it. And it's not a ridiculous thing to say but it is absolutely speculation.


Let’s move to Slide 28. The only major change or modification of the standard Big Bang theory was the modification made in 1980 by Alan Guth out of MIT which is the hypothesis to try and explain why the universe is as smooth and flat as it is.


The smoothness is the easiest to understand. The microwaves are similar in each direction in the sky to one part in ten to the five.


And yet if you work out how fast those patches of sky in the microwave background were moving apart at the time that radiation was emitted it's faster than lightspeed.


And so there's no way those should be at the same temperature. They've had no way to come into equilibrium to use the physics term for that.


And so you actually have something to explain. You have to explain why the microwaves are basically smooth to one part to ten to the five because standard Big Bang doesn't tell you.


The early expansion was so fast that they should not have come into equilibrium.


Insulation is an idea that rectifies that situation because it proposes that extremely early on as the result of the major forces of nature separating because the current physics theory holds that all the forces were - can be unified at sufficiently high temperature which would have been realized at the Big Bang itself.


That as a result of the separation of those forces you can have an inflationary epoch that is a period during which the universe expands in an incredibly short instance of time after the Big Bang from the size of smaller than a proton to about the size of a grapefruit.


And then it resumes a more sedate expansion the kind that Hubble and Slipher saw that continues to the present day.


So inflation is a fascinating idea designed to rectify a limitation of the standard Big Bang. And it has some modest level of observational support sort of esoteric support from polarization signatures in the microwave. It's not fully confirmed though I would say.

So if you go to the next Slide 29 you can see the other thing that inflation does this very rapid very early expansion is it takes a microscopic patch of space which might well have been curved because gravity curves space according to general relativity.


And by the nature of the inflation by orders and orders of magnitude it would flatten it out and indeed through WMAP and the microwave satellites we've seen that space is flat. The universe is spatially flat in three dimensions and inflation also accounts for that.


It doesn't really predict it that would be an unfair statement because inflation was conceived to solve a problem that includes the flatness of space but it does explain it.


So inflation is a modification of a theory but it's very exciting because it's -- if you remember the previous slide you're talking about physics or astrophysics from the first 10 to the minus 35 seconds after the Big Bang.


The mere idea that we can validate and test something that long ago that close to the singularity is extraordinary.


And I won't claim that we've validated it and confirmed inflation but there are hints that it’s correct that the limits of the data and that's amazing in its own right.


The next slide is 30. And another consequence of the standard Big Bang is -- and it really relates to this very rapid expansion I was talking about -- that the physical universe that is the hundred - the space that contains those hundred million galaxies is almost certainly a much smaller than a physical universe all that there is because the space is expanding faster than light for much of the early history of the universe.


Now you might say that can't be because light is an absolute speed limit but that's only true in special relativity.

General relatively is the theory to describe the universe and it has no speed limit. There’s no speed limit built into general relatively.


The universe can expand as fast as I want and in the normal Big Bang theory it’s expanding super luminally or faster than light in the early phases.

And that itself means that physical space extends beyond regions we have seen or maybe could ever see with our telescopes which is fascinating.


If we go to the next Slide 31 the last step in this progression of going to the specular frontier.

So I'm spending a significant fraction of the talk talking about speculative stuff. And I'll finish with a multiverse idea which is extremely speculative is it has a simple basis in the fact that physical space goes beyond regions that are observable which I had just alluded to.


The multiverse idea is more than that. The multiverse idea is something substantially more than that and that's what I'll get to next.


Slide 32 and then straight on to Slide 33 which alludes to the fact that in the early universe you're in a regime where the basic nature of matter becomes important.


We’re talking about what is stuff made of? Yes protons and neutrons are made of quarks.


But are all the particles that we know of the familiar particles quarks and electrons and neutrinos are they made of strings? We don't know that's what physicists are wondering right now.


And it turns out in this (aurora borealis) as the snake that eats its tail it was used by (Shelley Glashow) Nobel Prize revisiting maybe 40 years ago first.


It's an allusion to the fact that the subject of cosmology unites with the study of the very small the kind of stuff going on at SERN because the only place you can understand the fundamental nature of matter may well be there early universe.


So if we move on to Slide 34 in this understanding of the Big Bang at its inception you are faced with the fact that you are looking at the quantum scale because the universe at some point was small enough to be governed by quantum theory.


But we don't have the theory that unites it with gravity but in general terms we must be looking at quantum fluctuations.


And in that conception those speckles in the microwave background are quantum fluctuations expanded by inflation to the size of seeds for galaxies an extraordinary idea.


And that in turn leads to the idea of the multiverse. So 35 Slide 35 connects this idea with theory.

String theory is the extremely speculative more speculative than inflation or even the multiverse idea itself.


Idea that physicists have where all particles we know and love or the normal particles of the lab are actually made of fundamental entities that are very, very small invisibly small that are one dimensional interacting strings and so string theory actually provides a mechanism for extremely interesting things to happen in the vacuum of space or under the intense conditions of the early Big Bang.


And this incredible number 10 to the 500 is how a string theorist would tell you they're - how many possible energy or physical space there might be in a situation covered by string theory in the extremely early universe. And that's enough physical space that it’s the basis for the multiverse idea.


So I'll give you one flavor of a multiverse theory based on strings in the next Slide 36 and I'm wrapping up now.

This is called the ekpyrotic scenario. And it's a very interesting idea a multi-dimensional space time where our three dimensional universe, three dimensions of space, and one of time is a reflection of the higher dimension spaces that exist that are composed fundamentally of strings.


And that the interaction of those higher dimensional spaces and their collision essentially provided the motive energy for expanding universe the one we live in.


And the interesting thing about that way of looking at it is that the Big Bang doesn't have to be the beginning of everything.


There could have been a precursor state in the higher dimensions of space. And so you can actually end up with a situation where cyclic universes are completely reasonable.


So the next Slide 37 just shows how collisions of higher dimensional space times leading to our expanding three dimensional space with the thing we call the expanding universe could be part of a cyclic an eternal process.


And so we've essentially finessed away in the speculative theory the beginning of everything. It isn't the beginning of everything it’s the beginning of our everything. But there were other things going on before and maybe will after.


The next one 38 -- we’re near the end -- is a reminder that the universe we live in is governed by dark forces, dark energy, and dark matter two forces that just to be clear we don't fully understand. There’s work to be done.


And then Slide 39 is a summary of the expansion history. Having speculated about the Big Bang itself what happened since then is pretty clear because we can trace the expansion using galaxies and supernovae us probes.


So we saw a decelerating expansion for eight billion years. And we've seen it accelerating in the five billion years running to the present day.


And all evidence is that there’s not enough material in the universe to overcome the expansion. So we’re looking at a universe that will expand forever.


And the last slide is the fact that of course interesting things happen in an expanding universe.


If the universe had expanded much faster or further especially early on it would be an interesting situation where nothing would've formed.


Gravity would not have had traction. Stars and galaxies wouldn't have formed. And of course you'd never of had planets and people.


So this expanding and cooling universe -- I won't say it’s poised on a knife edge -- but it's an interesting consequence because it’s the Big Bang and the aftermath of the Big Bang had played out somewhat differently you would have a completely plausible physical outcome.


The laws of physics are at bay. There’s a cosmology there. There’s a chronology of events. But it might have been a chronology that excluded people.


So perhaps one of the most interesting things about this amazing creation story we tell and 13.7 billion year universe is that it did accommodate the creation of us to come along after this length of time and tell the story and I'll finish there. Thank you.

Vivian White:
Chris thank you so much. That is amazing 13.7 billion years in less than 45 minutes.

Chris Impey:
Right. It's an accelerating universe.

Vivian White:
Talk about an accelerating. What a great overview of life’s biggest question. I look forward to hearing questions from our listeners too. Operator can you let us know how to do that?

Coordinator:
Yes. If you would like to ask a question please press Star 1. To withdraw your question press Star 2. Again to ask a question please press Star 1.

Vivian White:
I really like the idea of these galaxies size quantum fluctuations that we see.


And when we’re looking at the cosmic microwave background that is just fascinating. I don't think I ever quite thought of that, very neat.

Chris Impey:
Okay so we’re going to - were just waiting for people to dial in I guess?

Vivian White:
Yes, yes absolutely. I think we have a question ready.

Coordinator:
Yes. The first question is from (Paul). Your line is open.

(Paul):
Hi. I have a question the comment that you made early on about the - that there was predicted now one Earth type planet for every star. I didn't think we found an Earth type planet yet to base that on?

Chris Impey:
Well the Doppler method which really measures math -- so that's the most secure way to say it -- has not truly earthlike it's got two birth 1.9 Earth masses or two Earth masses.


However Kepler is - has been going so strong on this. Kepler measures size rather than mass so we’re sort of inferring mass. It's already found over 90 planets smaller than the Earth given that it measures size.


So yes we've almost certainly phone earthlike planets in the Kepler database. There - it's just characterizing them is going to take a lot more work.


For instance most people will be happy happier when people go to the Kepler planets and measure their masses with the Doppler method.


And then you have both the size and the mass and you can get the density and then you can really say it's like an Earth.

(Paul):
Okay thank you. And if I could squeeze in just one more question, there was a program rerun the other night where Steven Hawking was talking about the existence of God.


And he was saying that based on what he's demonstrated about the universe similar to what you're talking about there was no need for a Creator. Do you want to comment on that?

Chris Impey:
You know, that's tricky terrain of course. I know Steven Hawking likes to be outspoken on that topic.


And he was actually invited to the Vatican Pontifical Academy to a conference in front of his hosts, you know, the Senior Archbishops he declaimed God a boundary condition on the universe.


I mean my comment on the Big Bang theory is that it doesn't really yet contain any idea of what caused the Big Bang.


So I just showed a couple of slides and talked about this ekpyrotic theory based on, you know, higher dimensions of space time that could possibly spawn a Big Bang and other events in an endless progression.


It's not a confirmed theory. They - so the Big Bang the theory that's well verified by experiment doesn't talk about causes.


And so, you know, it's - I work with desert astronomers and cosmologists who are completely comfortable with a 13.7 billion year old universe and the Big Bang.


It doesn't rule out their God. So I'm assuming that for other people it's the same way there's just no -- it's not really -- I think there's no reason to go to that position that Hawking takes.

(Paul):
Thank you very much.

Chris Impey:
Yes.

Vivian White:
All right do we have any other questions?

Coordinator:
It looks like the next question will be from (Larry). Your line is open

(Larry):
I have a question regarding the inflationary period.
Chris Impey:
Yes.

(Larry Yeager):
Is there any possibility that the speed of light is not a limit during that period that the smooth and flat characteristics are just simply an inherent property of the universe during that period that speed of light limit disappears during that time?

Chris Impey:
Yes I mean yes the simple answer is yes because in that era the entire universe is - I mean the whole idea of signal propagation is sort of meaningless during the inflationary era.


So that there's a lot of ways in which light travel, and signal propagation, and speed limits as we would have in relativity are meaningless because of the inflationary expansion is exponential.

.
So it - it's far, you know, vastly faster than lightspeed anyway. And there are no signals really propagating.


It's also a situation where things that we might call photons don't really exist as entities we can describe because space time is so corrugated and curved that it's - you can't distinguish between the particles and the radiation.


So I think it's just such an alien regime physically that the normal rules of the older colder universe don't apply.

(Larry Yeager):
Thank you.

Vivian White:
Okay I think we have time for maybe one more question.

Coordinator:
And the next question will be from (Linda). Your line is open.

(Linda):
Oh hello.

Chris Impey:
Hi.

(Linda):
What you think of the idea that the multiverse universe idea the multiverse idea that there can be an infinite number of universes created.


They could all have different physical units or physical constants like gravity, speed of light, so that our universe would be the one where stars would form, and planets, and us whereas other universes perhaps would as you had suggested wouldn't have the right amount of gravity to create the stars?

Chris Impey:
Right so that - I mean that's like a good thread of this argument because it's people are recognizing that out of the quantum state that would spawn multiple universes you would very likely have a situation where the laws of physics were different from one patch to another. That is very likely.


And how different who knows, you know, and of course people will say if the laws of physics are even slightly different you get a very different outcome.


Well if they're wildly different you could have situations where there is no direction of time, or you can universes with equal amount of matter and antimatter, or universes riddled with black holes.


Even those extreme universes wouldn't really be vast deviations from current laws of physics.

So yes if the quantum basis for the universe and the possibility of multiple events that are randomly different as quantum fluctuations would be indeed it is possible that they're very different.


Then the second part of course is how does that relate to the presence of life or the existence of us as observers and that's trickier?


So the first part I think most physicists or astronomers would accept. The second part is trickier.


It seems you could say that it's obvious well you can’t have life if you don't have stars, or water, or carbon and maybe that's true but maybe that's not true.


I mean that's a matter of definition. Maybe that's an overly restrictive way of defining what we would call biology.


Maybe there are all sorts of ways of organizing information in universes that are not completely chaotic that might at some point obtain the capabilities that we would call biological.


So I mean that’s sort of, you know, gets even wilder when you try and imagine the hypothetical biology’s where you don't have them based on carbon chemistry but you just insist that there's ways of organizing information, and containing information, and propagating it which is what biology does through its genetic material.


So I would say it's an interesting idea. But I think all bets are because we don't know how to define life, you know, the broadest possible definition of life.

(Linda):
And I guess we would be able to test that idea very well either?

Chris Impey:
That's right. And it's - the frontier of the theory. So the people who come up with the multiverse idea have been, you know, roundly criticized by more pragmatic cosmologists.


So you're just making a theory that can't be tested because these parallel universes are unobservable by us.


And it's actually not entirely clear that that's true. In some of the - because the strings here are sort of working extremely hard on working at how these little infant bubble universes might expand, and grow, and what their basis might be.


They’ve not ruled out the possibility that there might be imprints in our universe or on our universe of the fact that there is a speck, you know, there is an ensemble of universes out there.


So it seems like it's an untestable idea but that's not naturally clear yet. I mean the jury is out on that and that will of course be incredibly exciting if you could test that idea experimentally.

(Linda):
Thank you.

Vivian White:
That was so great. I wish we had time for 20 more actually all we've got time for is (unintelligible).


And Chris I just want to thank you again so much for a great talk tonight.

Chris Impey:
Sure it's my pleasure. Thanks very much. It was good to be with you all.

Vivian White:
Thank you thank you. We totally appreciate you sharing your time and so much knowledge with us.

Before we go we - I haven't forgotten lets have the drawing for Chris's new book How it Began a Time Traveler's Guide to the Universe.


So operator will you tell us how to get in line and we’ll go ahead and take the fourth caller after the operator tells us how to do this.

Coordinator:
Again to join the queue please press Star 1.

Vivian White:
Oh okay Star 1 again. Everybody who wants to throw their hat in the ring for the book let's go ahead and do Star 1.


And can you - operator could you tell us the fourth caller who made it in line there?

Coordinator:
For then line is (Larry Yeager).

Vivian White:
Yeah (Larry) congratulations. One of the questions we had earlier was from you.

(Larry Yeager):
Yes.

Vivian White:
That is fantastic. Great we’re so glad to be able to do that thank you Chris for donating the book.


And thank you everybody for joining us tonight. I hope you have clear skies this weekend for the International Observe the Moon Night. And I'll be looking up with you all.


I look forward to hearing about all of your events you have. And you can find this telecon and the Night Sky Network resources page with full audio and a written transcript probably by the end of next week so keep an eye out for that one.


Good night everyone. Thanks again.

Chris Impey:
Great. Good night everyone.

Woman:
Thank...
END
