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 Okay.  We’re now gonna continue discussing and conclude discussing the entire 

universe.  So today we’re gonna learn about everything, everything that we know of.  

There’s still a lot of little bits and pieces we’re not sure of, but the general picture seems to 

be fairly clear.  And so we’ll go over that general picture of the universe as we know it 

today and I’ll even mention some problems we still haven’t quite solved, and I’ll discuss 

where we go from here essentially. 

 I mentioned earlier that the universe was flat.  All of our measurements indicate 

that it’s kind of flat.  This is kind of a surprise.  Physicists assumed there would be a 

curvature to the universe because of the gravity of particles in it.  And so when it was seen 

that it was probably flat, we had this question of how could it be looking flat when we know 

it’s gotta be curved.  And, as I mentioned, the only way we could sort of get an agreement 

on what was going on was to assume that the universe was extremely large, much larger 

than anybody had predicted from the big bang theory. 

 The big bang theory suggests that the universe started out at a point, began to 

expand, and has been expanding ever since.  And so we can look at that expansion, what 

we see today of the expansion, and we can say, “Okay.  It’s been expanding at more or 

less a constant rate” -- that’s an assumption, but we’ll start with that assumption -- “and 

now we’re out to a certain size.”  But that should be a certain size.  And based on that 

certain size, there should be a curvature. 

 And so we have this contradiction.  No curvature, but we can calculate an 

approximate size.  And so astronomers began to realize there was something missing. 

Something was wrong with the big bang theory.  It was not predicting the flatness.  And so 
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theoreticians went back and began thinking about what physically is happening.  You can 

just wave your arms and say, “Okay.  We’ve got an expansion and everything was 

smaller.”  But we have to always keep in mind that if particles are closer together — and 

way back near the beginning of this expansion they would’ve been very close together — 

we have to worry about interactions of the particles.  What was going on with space and 

the matter and the energy back then?  In other words, what was the physics of what was 

happening, not just waving your arms and saying there was an expansion. 

 And so we kind of work it backwards.  We look back and we say, “Okay.  Right now 

we have galaxies.  Back a certain amount of time, a long time ago, we had big clouds and 

they turned into the galaxies.  Before that we had smaller clouds that must’ve gathered 

together to become the big clouds.  Then we had particles before that that became the  

clouds.”  So, you know, we can work it backwards and see how far back we can get 

without actually running out of physics.  We have to be able to explain everything 

physically. 

 Well, what we realize is we can’t get all the way back to the big bang.  There is 

some point as we’re doing these calculations backwards as to what went on when we 

don’t have the physics to handle it.  We don’t know what went on at a certain point 

because the physics we have today doesn’t quite work.  And so we’ve got this boundary,  

you might say, of known physics.  So we can work it back a certain way, to a certain point, 

and then we say, “Hmm, we don’t have the equations to handle that.  We don’t know 

what’s going on a little bit earlier than that.”  So we have a limit. But we can work it 

back pretty far and so I’ll give you sort of a summary of what we think happened as — 
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after the bang, because we don’t know where the physics goes just after the bang.  But a 

little bit after the bang, the physics that we have becomes possible and we can then 

describe what the universe is like. 

 So I wave my arms and I say, “The big bang happens times zero.”  We don’t know 

how it happened.  We don’t know exactly what happened because we don’t have the 

physics to handle it.  The expansion begins.  Then we have an era that has been called 

the radiation era, the early time in the universe when radiation dominated everything.  In 

other words, if you were there at that time and could make measurements, radiation was 

running the show.  Matter was a minor part of the universe.  It was mostly the energy, the 

radiation.  So we call it the radiation era. 

 And notice 10 to the minus 43 seconds.  So we can work the calculations back all 

the way to 10 to the minus 43 seconds, which is only a very small time after the bang.  But 

we realize that that’s not very close to the bang because an awful lot was happening in an 

extremely short time.  And so even 10 to the minus 43 from the bang is far enough away 

that we don’t know what the physics is that went on.  But at some point the physics seems 

to sort of work and so that’s when we start doing the calculations. 

 We have what we call the plunk epic and that’s just when it’s pure energy.  Plunk 

curves.  Remember the proton energy.  And again, no decent physics for it.  We then have 

a slightly later time when we are getting to where the physics is partially worked out and 

that’s called the grand unified theory epic.  We right now don’t have a grand unified theory.  

Now, what do I mean by grand unified theory?  Physicists believe that the present four 

forces in nature under certain circumstances are all just once force.  
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 Now, let’s review the four forces that are in nature.  We have gravity — that’s one 

force.  That seems to be what dominates us right now.  We have electromagnetic forces, 

the forces that hold atoms and molecules together, the electrical forces we talk about.  

That’s a second force.  We have a third force that is called the strong nuclear force.  This 

is the force that holds nuclei together.  Not the same as the electromagnetic.  It’s a 

different forces and has different laws, but it holds the nuclei together that make up all the 

elements.  

 We then have a fourth force which is often called the weak nuclear force because 

it’s weaker than the strong nuclear force.  And what it has to do with is mainly where you 

have protons that can turn into electrons and neutrons.  Remember that transition when 

we had fusion reactions?  A proton turns into a neutron, gives off a positive electron.  Well, 

something’s going on during that transition and that’s the weak nuclear force causing that 

change.  We also talked about it in the opposite direction when I mentioned that electrons 

could force their way into protons and turn them into neutrons in the center of a star, 

causing a neutron star to form in the center.  And that change from protons and electrons 

to neutrons again is the weak nuclear force. 

 So we have these four different forces in nature that we see doing different things.  

Well, astronomers and physicists — mainly physicists; astronomers don’t worry about it 

as much as physicists do — believe that under much denser conditions, these forces 

combine.  So that, for example, the electromagnetic force and the weak nuclear force 

combine and they’re only one force under very dense conditions.   Well, as you get denser 

and denser, all the forces combine into one quantum gravity kind of force. 
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 Well, we don’t have a decent quantum gravity theory.  The theory goes back to 

where we have two forces, but nobody’s been able to get all the forces equation-wise 

together.   So this unified forces part of the theory is still incomplete.  So that’s about as far 

back as the physics really goes where we can explain what was happening. 

 Now there’s an inflation epic.  What is that?  This was what was added to the big 

bang theory to make the universe come out flat.  That problem of flatness, the fact that the 

universe is much bigger than we would’ve calculated using the simple expansion from the 

Hubble law, something extra had to be added in and that was this inflation.  Essentially -- 

I’ll try to give you an analogy of what is happening because it’s not a simple concept.  

 Essentially at some point after the grand unified theory epic when all the forces 

were together, as the universe continued to expand and the forces themselves separated 

into multiple forces, space changed to a different kind of space.  And I refer to it as a 

change of state of space.  Now, what do I mean by that?  Well, actually you can 

understand it if you think about things that happen around us now.  We have water, H20, 

in three different states.  We can have it as ice — it’s a solid; we can have it as water, a 

liquid; or we can have it as water vapor, a gas.  It’s all H20 but they’re in different states. 

 Now, if we think about water and it freezes, it changes size.  When water gets 

colder and freezes, it actually expands.  So if you have a bottle in a refrigerator that gets 

too cold, it could freeze and break the bottle.  So the re’s a change of state from liquid to 

solid that is accompanied by a change of size.  Got that?  Now, you can have another 

change of state from liquid water to water vapor.  You can take water and put it on a 

hotplate and it will change to steam.  And steam takes up a lot more space than the water 
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did, and so a change of state also causes a change in size for the material.  Water turning 

to steam expands quickly, right?  So you’ve got a change of state and a change of size. 

 Now we’ll go back and talk about the universe.  Space itself was a certain kind of 

space when it was extremely dense.  But as it was expanding, it changed.  It changed 

state to a different kind of space and that change of state was more like water going to 

steam where there was a sudden expansion of the space itself.  And we refer to that 

sudden expansion as the inflation.  So the universe literally went from an extremely dense 

kind of space and at some point it inflated and became much larger, almost 

instantaneously.  Just like dropping a drop of water on a hotplate.  It goes pssssh and 

changes almost instantly.  So the space itself inflated. 

 That would cause it to be much, much larger than we would’ve expected without 

that change of state.  And that much, much larger size is why the universe looks flat 

because it’s much larger than the visible universe, goes out much, much farther, because 

space sort of went like that and then continued to expand from that point on.  So you might 

say there was an expansion era and then inflation, and then a continued expansion.  So 

it’s not just one expansion.  It’s two expansions with this inflation in-between. 

 That all happened in the first fraction of a second.  This bang, expansion, inflation , 

continued expansion was all the first second of the universe.  Then we had the quark epic.  

That’s when the universe had cooled enough because of the sudden expansion that 

particles began to form out of the energy.  Then the quarks began to combine into nuclear 

particles and so then we have what we call the nuc lear particle epic.  I’m using the term 

“epic” and “era” kind of like geologists do, but it’s very short time intervals here.  So some 
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people don’t use the term “epic” and “era.”  They just say a specific time.  So they might 

say the quark time rather than the quark epic, but it’s just a choice of terms. 

 Nuclear particle epic, that was when protons and neutrons and electrons were all 

forming and becoming normal particles that we think of as normal particles and that lasted 

for the first few seconds of the universe.  Notice I say ends at about 10 seconds.  That 

varies depending upon the calculations that are done.  Somewhere between 1 and 10 

seconds.  But it’s quick.  So for the first 10 seconds of the universe, a heck of a lot was 

changing. 

 Then from that point on we have the nucleosynthesis epic.  That’s the time when I 

mentioned protons were combining, turning into helium, and then fusion reactions were 

attempting to occur from helium.  But the temperature was dropping and the density was 

dropping so that nothing much beyond helium ever formed.  That ended within the first 

few minutes of the universe.  So that epic when elements were actually forming and 

fusion was going on was only the first 10 minutes of the universe.  That’s pretty quick.  

Essentially, the whole universe formed as we now know it in the first 10 minutes with 

hydrogen and helium gas spread throughout this universe that was continuing to expand. 

 Now, it didn’t look like the present universe because it was still opaque.  It hadn’t 

become transparent.  And photons were still the dominant force in the universe.  Because 

remember I said the radiation era lasted the first 10,000 years whereas all the particles 

had formed in the first 10 minutes.  So then, from 10 minutes until 10,000 years, nothing 

much happened except expansion.  It just continued to expand and get thinner and less 

dense, but no changes essentially. 
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 Then we go to what is called the matter era and that starts at about 10,000 years.  

And, as I put down here, almost to the present because we’re not quite so sure that it 

lasted all the way to the present.  May have, but there’s some question about that.  That’s 

the time when atomic particles were forming, the gas was continuing to expand, helium 

started to attract electrons and become normal helium atoms, then hydrogen began to 

hold on to electrons.  All of a sudden at an age of about 300,000 years, the universe 

became transparent.  That’s after it’s already being dominated by the matter.  Matter is 

beginning to gravitate toward itself, material is beginning to stick together a little bit. 

 And then at 300,000 years old, the universe became transparent and you could 

see all the way across.  Because electrons were now combined with all the protons, and 

then clouds of gas could form.  Those clouds could then stick together to become 

enormous clouds.  Those clouds could then begin to collapse and turn into stars and 

galaxies.  And so we have the galactic epic and immediately following the stellar epic, and 

that’s more or less what we’re used to looking at when we look out at the universe.  We 

cannot see back past that matter epic, the matter era.  What we see in the universe is just 

this part of it.  Everything about the radiation era is calculated.  So this is what we actually 

view, but we continue it back as far as the physics will allow us. 

 Now recently there’s been discussion that maybe we’re into a new era, that maybe 

something is happening to the universe that we didn’t expect and that maybe we need to 

take it into account.  As I mentioned, we expected that matter, since it dominated the 

universe, would slow the universe down as it continued to expand.  And there were lots of 

different theories about — okay.  Will the universe come to a stop and then fall back or will 
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it continue to expand forever but slow down more and more and more?  It’s only a matter 

of how much matter is in the universe which of those happens. 

 And so astronomers began to measure the expansion rate at different distances to 

try to figure out how fast the expansion was slowing down.  And those measurements 

have only been done in the last two or three years, maybe the last four years.  And the 

amazing thing is that when they make the measurements, they find out it’s not slowing 

down at all.  None of the ideas about it slowing down seem to work.  It looks as if the 

universe is beginning to speed up again. 

 Now, what could that mean?  Maybe the universe is going through another 

transition.  It went through a transition — at least according to our calculations — way 

back in the inflation epic when space went from one kind of space and turned into a 

different kind of space, and suddenly expanded.  Maybe — and I’m just speculating here 

because we really don’t have enough information.  Maybe space is beginning to change 

again. 

 And so maybe we’re into what we call the vacuum energy era -- some people call it 

the dark energy era — where energy is now dominating the universe again rather than 

matter.  And that this energy, whatever it is — we really have no idea what it is — is what 

is causing the universe to begin to expand again.  Something’s happening where the 

universe is maybe going through a second inflation.  We don’t know.  We’ve made some 

measurements that we expected to give us a certain result and they didn’t.  They gave us 

the opposite result from what we expected.  And so theoreticians are jumping on it and 

saying, “Oh, now we have to come up with some new ideas.” 
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 And so the new idea is the vacuum energy, but we don’t know what it is, we don’t 

know why it is, there’s no theory really to explain it, but we may have to work on that 

because it may be what’s going on.  So there seems to be an additional inflation that’s not 

taken into account.  And I put down here that it might cause a super expansion.  That’s the 

present possibility.  The measurements on which this whole idea is based are still 

somewhat controversial.  They have to be repeated over and over again.  Because if you 

have something this astounding come out of it, you’ve gotta make sure that you’re right.  

 And so you’ve gotta do it over and over again and make sure it’s right.  So there are 

satellites being built right now, there are new observations being made at various 

observatories to check out whether the universe really is speeding up its expansion.  But 

so far the observations are pointing out that it seems to be and until we get better 

observations, which either show that, yes, it is speeding up or no, there was an error in 

somebody’s measurements, and so it’s not speeding up, we have to take that possibility 

into account. 

 Now, I’ve described all these in words.  There have been many drawings trying to 

describe the universe.  Here’s one.  And this just gives you sort of a visual representation 

of what I’ve already mentioned.  You start out with a big bang at time zero and then by 10 

to the minus 32 seconds, we go through that inflation, that sudden expansion of the 

universe, because space actually changed from one state to another.  And then from then 

on the expansion continued, quarks formed, and in this particular little model they refer to 

it as “quark soup.”  The universe was full of quark soup of some sort. 

 Then at about 1 second it’s referred to as the big freezeout.  What does that mean?  
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That means that normal particles began to form, quarks turned into particles and got stuck 

that way, so they got frozen as particles.  And it’s referred to as a freezeout because the 

temperature was dropping and that’s what caused it to happen.  And then from 1 second 

to 300,000 years not much happened except the fusion that went on for the first 10 

minutes.  Then suddenly it says “parting company.”  What does that mean?  It means that 

radiation and matter separated.  The universe became transparent so that the matter and 

the energy weren’t bottled up together.  The photons could go their own way through the 

universe, ignoring the matter pretty much. 

 And so from that point on to a billion years was when the first galaxies began to 

form.  And from the first billion years up to more or less the present, 12 to 15 billion years, 

we have what we see as the modern universe.  So pretty much the same thing, in a 

drawing showing the expansion.  Notice that on this drawing, which was made before the 

recent discovery of the acceleration of the expansion, the lines pretty much go straight.  

But if we were to correct this for this new finding, then we would have to have a second 

inflation at the end of this.  So it just depends on what’s really going on whether we need 

to change that drawing or not. 

 Now I have another drawing — I have plenty of them — that shows exactly the 

same thing but it’s a different artist and it’s a different way of looking at what went on, and 

so I thought I’d show that one to you.  Except this one goes from top to bottom instead of 

across the side.  Same thing.  You start out at the top with a unified force — which, as I 

said, physicists cannot yet explain because we don’t have the equations to fit it — and 

then the forces break up into multiple forces.  And you notice they first broke up into two 
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forces and then as the temperature dropped and quarks formed, you get first three forces 

and then when protons and neutrons formed you go to four forces, and that has continued 

from then on.  We have nuclei forming, fusion reactions, and then finally the present era 

where the universe became transparent and we had the present universe begins to get 

the way it is today. 

 So the first drawing I showed you didn’t show anything about the forces.  It just 

talked about the changes.  This one talks about the forces that were part of the changes.  

It can get pretty complicated.  There are books written on each section of this.  There are 

entire books written on just the inflation.  There are books written on just the quark soup 

part of it.  Because there’s a lot of physics that you have to go through to do the 

calculations.  And so we’re really just summarizing it here.  We’re not really going into the 

extreme details of it, but the general picture seems to fit. 

 These nucleosynthesis elements that we get based on the temperature and the 

density of the universe at that time seem to fit the present abundances that we see around 

the universe: a fourth helium, three-fourths pretty much hydrogen.  All the rest of the 

elements were formed later on in fusion reactions inside stars and a lot of those elements 

were then blown back out into space by the fusion that went on during a supernova 

explosion.  And so we can kind of explain how all the details come in, but there are an 

awful lot of details. 

 Now, what are some of the questions that we haven’t answered yet?  Well, how 

much of the universe is mass and how much is energy?  For a long time, astronomers 

were hoping that they would find enough mass to close the universe.  In other words, they 
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wanted to be — they wanted there to be enough material that as the expansion continued, 

it would come to a stop and then fall back.  Now, why would theoreticians prefer that?  

They like things to be symmetrical.  As I mentioned earlier, if you discovered that this 

class was never gonna end, you’d be upset.  You like it to begin and you like it to end.  

And so theoreticians have their own feelings about these things, too, and so they just like 

the idea of a symmetrical universe where it would go bang, expand, come to a stop, and 

then collapse. 

 And so we kept looking around, looking for more and more material so that there’d 

be enough stuff to stop the expansion.  You’ve gotta have a certain density of material in 

the universe in order to stop this swelling up.  You’ve gotta have enough gravity to  pull it 

back.  And so astronomers kept looking around, trying to determine how much mass there 

was.  And what we’ve discovered is that the normal matter in the universe only adds up to 

about 5 percent of what’s needed to stop the expansion.  We add up galaxies and galaxy 

halos and binary galaxies.  We try to add ‘em all up to see how much material there is and 

there isn’t enough.  No matter where we look, we don’t find enough.  And that’s just the 

way it is. 

 Then astronomers discovered dark matter and they said, “Wow.  There’s more 

material now.”  And so they tried to add up all the dark matter they could find and that 

added up to about a third of what was needed to stop the expansion.  So regular matter 

plus the dark matter, you’ve still only got a third.  So no matter where we’ve looked, we 

can’t find enough stuff to stop the expansion.  And so the astronomers who preferred that, 

who would have liked to find enough material to stop the expansion, had to admit it isn’t 
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gonna happen — at least not that we can tell.  The expansion is gonna keep going. 

 But until about the last three or four years, we didn’t know there was anything else.  

We thought, “Okay.  We’ve already got a third of the material needed to stop the 

expansion.  Oh, well.  That’s it.  It will at least slow the universe down.  It will at least cause 

it, you know, to get a little slower and a little slower and a little slower as it expands.”  Then 

these recent measurements showing that the universe is not slowing down, that even 

though there should be enough mass to make it slow down it’s not doing it.  It’s beginning 

to speed up.  Then astronomers said, “What’s going on?”  And then it kind of occurred to 

them that we had found only one-third of everything that was needed in the universe.  

Maybe the other two-thirds that makes up the total universe is energy that we don’t know 

about that is causing this extra expansion. 

 And so this dark energy has been kind of forced on us.  The concept of dark energy 

has been forced on us by the fact that we have tried to ignore it — well, we didn’t even 

know it was there.  We didn’t even think about it.  We were trying to add up all the mass in 

the universe to total everything and it never would come up enough to stop the expansion.  

And now we realize that there’s something else out there that’s actually adding to the 

expansion, and so there has to be something else that’s working in the opposite direction.  

And the something else is the rest of the universe, this dark energy that’s actually causing 

things to go faster. 

 And so we keep finding stuff we didn’t expect.  When astronomers originally came 

up with dark matter, they were unhappy about that.  They were just looking around for all 

the matter that they could find to determine whether the universe was gonna  stop 
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expanding.  And they began to notice the galaxies were rotating too fast and that clusters 

of galaxies were moving too fast, and so there had to be more matter than was visible and 

so they came up with dark matter. 

 Now we see that the universe itself is going against the rules — what we thought 

were the rules — and so now we’ve had to invent dark energy.  Whether these are real or 

not, we don’t know because we don’t know what it is.  We have a word for it but we can’t 

tell you in detail what it is.  What is this dark energy?  What kind of stuff?  What kind of 

energy?  It’s not normal protons.  It’s not the kind of energy we normally talk about when 

we talk about energy.  It’s just something that’s making the universe swell up. 

 And so we would like to be able to say that we know everything about the universe. 

The big bang theory answers all the questions.  It explains what went on.  But it only partly 

explains it.  Because the big bang theory really doesn’t have any dark energy in it.  It 

hardly has dark matter in it.  We had to inflation to it just to get the universe flat enough to 

fit the present universe.  And so, yeah, it’s a working theory, but it definitely is not the last 

word because there’s more to the theory that we don’t understand.  And, as I mentioned, 

even going back in time, we can only go back so far with physics because nobody’s been 

able to come up with that quantum gravity theory that would put all the forces together into 

one set of equations so that we could then explain how that inflation even occurred. 

 So sorry I can’t conclude the course by telling you everything about the universe, 

but that’s why we still have astronomers employed — because we’re still working on it.  

And that’s it.  Good luck on the exam Monday.  Good luck means that you’ve read the 

chapters and can answer the questions.  So it means working. 


