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 Okay.  We’re now going to turn our attention to the entire universe.  We’re not just 

gonna be talking about individual galaxies, but we’re gonna be talking about the whole 

thing. 

 I wanted to remind you of a few things we discussed way back at the beginning of 

the course and that is the scientific method of how we determine whether a theory works 

or not.  The first thing you have to do is observe something.  Now, earlier in the course we 

talked about planets going around the Sun.  Well, we didn’t know that at the beginning.  

We had to actually study it to learn about it.  So we start out with some observations, 

some things happening.  We then try to interpret the observations.  We analyze them to 

try to figure out what’s going on and we come up with a hypothesis, an idea, as to how 

whatever is going on is going on.  That hypothesis, if it seems to work, can be turned into 

a model and that model, if it’s tested over and over again and is generally accepted as 

relatively correct, can actually become a theory.  But in order to become a theory, or a 

viable theory, it has to be able to predict something else going on that hasn’t been 

previously seen.  You then look for whatever you’ve predicted.  You go back to the 

observations.  You analyze the observations and see if the hypothesis and the model and 

the theory are still correct. 

 And so building a theory is a long process because you start out with a hypothesis.  

You have predictions even from the hypothesis, you have predictions from the model, and 

you have predictions from the theory.  You then go back and observe and see whether 

those predictions pan out. 

 The evidence always has to be measurable.  You can’t just say, “Well, I think it’s 

like that.”  A lot of theoreticians would love to say, “Well, I think it’s like that.  And since I’m 
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such a good thinker, it’s gotta be correct.”  Even Einstein, when he came up with his 

relativity theory, had as a part of his discussion how astronomers and physicists could test 

his theory.  He made predictions and he said, “If this theory is correct, astronomers and 

physicists should be able to go back, make measurements, and find the following: 

curvature of space, the shift in the orbit of Mercury, change in time as objects are moving 

quickly.”  And so he made the predictions.  Scientists then went and tested the predictions 

and found that they worked.  Things they’d never seen before turned out to be true and 

were based on the predictions that had been made by relativity theory. 

 So you always have to have some way to test a theory.  You’ve gotta have 

evidence, you’ve gotta be able to make measurements.  If a theory does not make 

predictions, it cannot be proven right or wrong because there’s no evidence for or against 

it, it’s not a scientific theory.  Maybe somebody’s nice idea, but it’s not very useful. 

 Now, we come to the study of the universe and we have to come up with a theory 

for what’s going on.  But before I get to that pair of theories, the steady state and the big 

bang, I wanted to mention an old concern that the author of you text brings up and that is 

a concern referred to as — whoops, got the wrong one — Ulber’s paradox. 

 Why is the sky dark at night?  That’s a simple question.  And if you didn’t think 

about it in detail, you might say that’s a silly question.  Of course it’s dark at night because 

the Sun’s not up.  Well, actually it’s a little bit deeper than that.  As the author points out, if 

you’re in the middle of the woods in a big forest, you cannot see out of the forest because 

of the trees.  You’ve got a tree here and a tree there and a tree there.  But as you look 

farther and farther away through the forest, there are always more and more trees. 

 And so it occurred to some scientist 500 years ago that if there were an infinite 
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number of stars in the sky, if stars just went on and on and on, then no matter where you 

looked in the sky eventually you’d be looking right at a star.  Just like looking out of a 

forest.  You look out of a whole bunch of trees, you can’t see all the way through because 

there’s always a tree in your way somewhere.  And if you looked out of an infinite universe 

full of stars, there should be stars in every possible direction.  And if there were stars in 

every possible direction, the sky should be completely lit up.  It should look kind of whitish.  

But it doesn’t.  It looks dark. 

 This became especially interesting after the invention of the telescope.  Before the 

invention of the telescope, most people did not assume that the universe was necessarily 

infinite.  They just said, “Well, the stars you see are the stars you get.  That’s all we have.”  

But when telescopes were invented and people realized that the bigger the telescope 

they had, the more stars they could see, the more interesting this question became. 

 Now, there were ways around it.  You could say, “Well, there just aren’t an infinite 

number of stars.  There’s just a bunch of ‘em” — the way Herschel did.  Out Milky Way is 

a certain size and that’s the end of it.  But that goes against even Newton’s law of 

gravitation.  If you’ve got a bunch of stars that are just sitting around, they should pull on 

each other with gravity and collapse.  Even Newton realized that for the universe to just 

stay up there, as he thought it did — he thought it was just there, that there would have to 

be an infinite number of stars.  That stars would have to go on forever and that way 

there’d always be gravity pulling out as well as in, because there really is no edge and so 

everything could stay up.  But if you only have a finite number of stars, like in a Milky Way 

with nothing else, something’s gotta happen.  They’ve gotta collapse. 

 So this problem goes way back.  And it’s a philosophical problem.  The universe 
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may not care about that question.  But scientists looking at it thought, “Well, we got a 

problem here.  Because if the universe is infinite, as Newton kind of assumed it had to be 

for his gravitation not to cause everything to collapse, then we should not have a dark sky 

at night.”   

 Now, people discussed this question.  They were sometimes concerned about it, 

sometimes not.  They figured they maybe just didn’t have enough information.  Yeah, 

there are lots of reasons to concern yourself about it or not to concern yourself about it, 

but it pops up over and over again.  And most recently it would pop up if you said, “Okay, 

the Milky Way is not the only galaxy because that would violate Newton’s laws and the 

thing should collapse.  There are other galaxies outside it.  Maybe those galaxies go off 

forever.  So why isn’t the sky lit up at night, then?  In any direction we look, we should be 

able to see a galaxy.”  

 Well, there’s a nice answer to the question and it’s pretty much due to Edwin 

Hubble.  Farther away galaxies are red shifted.  As you go farther away in the universe, 

the galaxies are moving away from us quicker and quicker, and so they are red shifted 

which means their light is more toward the infrared.  So you can imagine that if you look 

far enough away, the galaxy that would be shining and lighting up the sky for you is not 

giving off any visible light.  It’s, as we see it, only giving off infrared or radio waves.  It’s 

been red shifted right out of the visible spectrum. 

 And so there is kind of an answer to this question, but it wasn’t really discovered 

until the 20th century.  And as it turns out, it’s not even a complete answer.  It’s only a 

partial answer.  When astronomers actually calculate how far away the galaxies would 

become invisible to our eye because they would all be infrared, it doesn’t quite work.  You 
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actually have to add a few other things into the concept to make it work.  But this is an old 

question that has popped up over and over again.  Newton worried about it, Herschel may 

have worried about it — I don’t know.  But a lot of philosophers worried about it, even as 

scientists were kind of ignoring it because they didn’t know how to answer it. 

 Now, we’re talking about the entire universe.  We’ve spent 15 weeks in here 

discussing all the parts.  We’ve talked about planets, we’ve talked about stars, we’ve 

talked about galaxies.  Now we have three days to talk about the entire universe.  Kind of 

narrowing it down a bit. 

 You might think it should be the other way around.  We should spend 15 weeks 

talking about the whole universe and then a few days talking about the parts.  Well, 

historically the reason we do it the other way around is we’ve learned about the universe 

from the inside out.  We started out by seeing planets, by figuring out what was going on 

in the solar system.  Then astronomers figured out that there were other stars.  Then in 

the last century they discovered there were other galaxies. 

 And so we’ve been sort of working our way out.  So the course has sort of been 

historical in the way we’ve found things.  We could’ve done it the other way around.  I 

could’ve started off with the big bang theory and started discussing it from then on up, but 

we usually don’t do that.  But we’re going to try to talk about the entire universe in a few 

days, even though I suppose we could have an entire course on it. 

 The two theories that we’re going to be discussing — and I’m gonna spend most of 

my time on the second one actually — are the steady state theory that I already 

mentioned and the big bang theory.  Now, if we go back to the idea that any good theory 

requires predictions to test the theory, then what were the predictions for the steady state 
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theory?  The theorists came up with this idea that the universe was expanding.  That’s the 

original observation that both of these theories are based on.  The universe is expanding 

because the Hubble law showed that it was. 

 They then said, “Okay.  What are the predictions from the theory?  Galaxies would 

have to have various ages.”  Well, the reason for this is that the steady state theorists said 

that as galaxies are spreading farther and farther apart, in order to keep the universe 

looking the same as it always does, new galaxies would have to form in-between to take 

up the empty space.  And so they assumed as a part of this theory that new galaxies 

formed regularly here and there throughout the universe, kind of randomly, to fill in the 

empty spaces left by the galaxies that were moving apart.  That’s a prediction.  And, as a 

part of that prediction, that these galaxies just form out of nothing.  They form out of empty 

space.  They just kind of show up. 

 That was a tough one for a lot of people.  That was a tough one even for physicists 

that didn’t know much else about the universe.  Because that requires the creation of 

matter and physicists really like to talk about the conservation of matter -- that matter can’t 

be created or destroyed; it’s just there and moves around -- and so creating it out of 

nothing was a real problem.  But, you know, maybe there’s some way to do that. 

 Also the universe would be uniform with distance.  If the universe is infinite in size, 

as the steady state theory suggests, and it goes on forever in time, then no matter where 

you look in the universe it should look pretty much the same.  It’s kind of uniform 

everywhere.  And why the astronomers came up with the idea in the first place, there is no 

beginning and no end with this theory.  A steady state theory says the universe is infinitely 

old and if it’s infinitely old, it’s gonna be infinitely old for the future, too.  And so it goes on 
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forever. 

 That completely avoids having to worry about how it started or how it ends.  It’s not 

going to and it didn’t.  That’s it.  Simplifies the theory.  And one that most people might 

ignore: because it’s infinitely old and it’s infinitely large, it’s infinitely cold.  It’s zero 

temperature.  Now, inside galaxies where there’s a lot of light shining, yeah, could have a 

temperature.  Just because you’ve got stars shining on you, you’re gonna get warmed up 

a little bit.  But there should be some spaces between the galaxies that have no 

temperature.  Really cold. 

 The big bang theory, on the other hand, had different predictions, very different.  All 

galaxies are about the same age.  Why?  Because they all exploded and started in the 

same way, in some way.  The big bang was that there was this explosion of some sort, 

everything came out, and so all the galaxies would’ve formed at about the same time and 

should all be about the same age. 

 Then the universe is non-uniform with distance.  This is a hard one to visualize 

when we talk about the big bang, but I’ve sort of alluded to it.  When you look out in space, 

you are looking back in time.  If you look at the planet Mars, you are seeing it the way it 

looked 20 minutes ago, not the way it looks right now.  If you look at the planet Pluto, you 

are seeing the way it looked four or five hours ago, not the way it looks right now.  Now, for 

little time periods like that — you know, 20 minutes ago, four or five hours ago — hey, a 

planet’s not gonna change much so you don’t worry about it. 

 But when you start looking at stars, the nearest star that you can see, the light left 

that star four years ago.  So you’re not seeing the star the way it looks today or yesterday 

or last week.  You’re seeing it the way it looked four years ago.  It might be gone.  It 
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might’ve blown up in the meantime, but you don’t know that.  Because it took four years 

for the light to get here, you’re gonna have to wait four years to find out about the 

explosion. 

 And so the farther away you look, the more back in time you’re looking.  You look at 

the other side of the Milky Way, you’re looking at the stars the way they looked 100,000 

years ago.  You look at the Andromeda Galaxy, you’re looking at that galaxy the way it 

looked 2 million years ago.  Long time ago.  And so we have to keep that in mind.  We are 

not seeing the universe the way it is today.  We’re seeing the universe the way it was at 

some time in the past, depending upon how far away it is. 

 We don’t see the whole universe at the same time ever.  The nearer universe we 

see more in the recent past, the more distant universe we see in the more distant past.  

And, as I mentioned, the nearest quasar is 3 billion light years away.  It’s what we’re 

seeing 3 billion years ago, not the way it looks today.  And so as we look through the 

universe, if the universe has been changing -- which is the basic tenet of the big bang 

theory, change -- then as we look at the universe older and older or farther and fa rther 

away, it should look different.  We should see galaxies changing with time.  We should 

see things happening that change over time. 

 A part of the big bang theory is that the universe began at a specific time.  It’s not 

infinitely old.  It will not necessarily last into the infinite future, but I put down that it might 

end at a specific time because that’s not really a requirement for the big bang theory.  All 

it says is that it began at a specific time.  It does not have to end at a specific time to still be 

a part of the big bang. 

 And the universe would have a specific temperature.  Now, what temperature 
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would it have?  Well, if all the matter and all of the energy of the universe was all crammed 

into a small space, it’s gonna be pretty hot.  Just think about the inside of a star.  That’s a 

lot of material crammed into a small space with a lot of energy.  It’s hot.  If you took all the 

mass of the universe, all those galaxies, and you mashed ‘em all down into a small 

volume of space and all the photons and all the energy was down there with ‘em, because 

they’re part of the universe, that would be a pretty hot place. 

 Now, if this explosion actually occurred and the universe was spreading out, 

expanding, it would cool down.  Just because of a basic law of physics, anything that is 

being compressed like a cloud turning into a star gets hotter.  But anything that’s 

expanding cools off.  And so the universe is expanding.  It’s cooling off.  And so the 

universe would cool off with time as the expansion continued. 

 So you start off with something very hot and it cools down as it gets bigger.  But if it 

is a certain age, it began at a specific time, then it should only have cooled down to a 

certain temperature.  It shouldn’t be down to absolute zero yet.  Now, offhand we have to 

figure out how old it is before we know how cool it is.  Or, if we can determine its 

temperature, we can say something about how old it is.  But you’ve gotta have one or the 

other to be able to make assumptions about the other.  And so the big bang theorists 

predicted the universe would have a temperature, a measurable, specific temperature. 

 So these are different predictions.  And so then you start looking around the sky to 

see which theory fits the observations.  We have predictions.  Let’s observe.  Look at 

galaxies.  Galaxies are various ages?  No.  During the 1950s and ‘60s it was discovered 

that the more galaxies astronomers looked at, the more uniform the ages became.  There 

were always old stars in galaxies.  Some galaxies had young stars, stars that have just 
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formed, but there were always old ones around also.  Some galaxies have only old stars.  

But what we do not see are galaxies that only have young stars.  There’s always the old 

stars. 

 And so it appears, from what we’ve been able to observe, that all the galaxies are 

more or less the same age.  They all have those same kinds of old stars, those population 

2 stars as were discussed earlier.  Is the universe uniform with distance?  No.  As we look 

farther and farther away in the universe, we see different things.  We see quasars.  We 

don’t see any nearby.  We see them far away.  And if we look much farther away, we see 

less of them.  And so there was a time, a specific time, when quasars were most plentiful.  

That means it’s non-uniform.  Yes? 

 [Inaudible student response] 

 Yes.  I guess I was being a little bit too simplified.  We have to an age correction 

when we look at more distant galaxies.  So if we look at a galaxy that’s 3 billion light years 

away and we look at the ages of the stars in that galaxy, what we would really expect to 

see is that they’re 7 or 8 billion years old because then we have the extra 3 billion years of 

distance traveled to get to us.  Tha t’s already taken into account, but I didn’t really bring 

that up.  That’s a good point.  You have to make that correction to see how old those stars 

really look.  Yeah, that’s true. 

 What was I saying?  Oh, about the temperature.  When the big bang theorists 

calculated what temperature they expected — you know, to make a guess at the age of 

the universe, figure out how much energy and matter there is, mash it all together, see 

what the temperature would’ve been, and then calculate how it expands — they came up 

with a temperature of about 5 degrees above absolute zero.  Pretty cold. 
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 And so when astronomers got that kind of a number, they decided not even to 

bother looking.  Because we’re in a galaxy.  We’re in the Milky Way.  There are lots of 

stars around.  The stars around us heat things up, especially the Sun.  It heats things up a 

lot.  We even know that when we look at clouds in the galaxy, the coldest clouds we can 

find are about 10 degrees above absolute zero.  Well, if everything in the Milky Way is 10 

degrees or hotter, how are we gonna measure something that’s 5 degrees?  We’re not 

gonna be able to do it. 

 And so when astronomers looked at that prediction and saw 5 degrees, they 

figured, “Ah, why bother looking — at least not now.  We don’t have the equipment that’s 

sensitive enough.  We’re looking for something that’s half the temperature of the coldest 

stuff in the Milky Way.”  So they didn’t really pursue it very much because they didn’t think 

they could. 

 Kind of like when neutron stars were first predicted back in the 1930s.  Physicists 

calculated that stars could collapse into neutron stars and that they would be the size of 

Springfield.  Well, astronomers said, “You’ve got a star that’s the size of Springfield that’s 

500 light years away?  You’ve never gonna see it.  It’s gonna be so faint that there is no 

way we’re gonna be able to pick it up with a telescope.”  They didn’t realize that they 

would be discovered as pulsars, that the neutron stars would be spinning and their 

magnetic fields as they spun would give off radio waves.  So it was just a lack of thinking 

in detail about what a neutron star would be like.  Well, the same kind of problem occurred 

when astronomers looked at that 5 degrees temperature for the universe.  They thought, 

“Well, I can’t measure that.  Too low.”  They didn’t think about other ways to attack the 

problem and so they just let it go. 
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 In the 1960s there were some physicists working on a completely different problem.  

They were working for Bell Labs in New Jersey.  Bell Labs was part of AT&T.  I think it’s 

now part of Lucent Technologies.  But essentially Bell Labs was the research arm for Ma 

Bell, the telephone company, and at that time they were trying to develop microwave 

telephones so that you could walk around with a telephone and not have a wire hanging 

out.  And they wanted to be able to produce cellular phones with microwaves.  And so 

they were given the task of testing microwave telephones to see if they could make ‘em 

work.  Very practical job. 

 And so these engineers built these little microwave antennas and they were trying 

to talk to each other across a distance with these microwave antennas to see if they could 

have some telephone communications that way.  And they kept running into problems.  

They kept noticing static on their telephones — the sshhhh noise, static.  And they were 

trying to figure out what was wrong.  And it’s become sort of  — almost a mythical story.  

It’s like Newton having the apple fall of the tree on his head.  These engineers working at 

Bell Labs figured it might be the birds that kept nesting in their antennas.  Nice, curved 

dishes so the birds would land in there and build a nest, coat it with white material.  And so 

they thought, “Well, maybe that’s causing the static.”   

 And so they went in and they cleaned out all the birds’ nests, evicted the birds, 

washed ‘em all down, tested the antennas, still the noise so it didn’t have to do with that.  

So then they began pointing the antennas in different directions to see if the noise was a  

little stronger in one direction than another.  And they realized that as long as they pointed 

the antenna up in any direction, they picked up the noise.  It was coming from up 

somewhere.  They thought, “Well, maybe the atmosphere is causing the noise.”  Nah, 
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didn’t seem to make sense.  Couldn’t figure out a reason for it. 

 Then they thought maybe this noise is coming from outer space.  Well, they were 

not astronomers.  They were engineers.  They were scientists, but the wrong field.  And 

so they went down to Princeton — Princeton University which is literally 25 miles away 

from Bell Labs — to talk to astronomers there to see if these guys had any idea what this 

static, this microwave static, could be from space. 

 Well, it just so happens that the people working at Princeton were studying big 

bang theory and they took one look at this data and realized right away what they had.  

They had static from the universe because it has a specific temperature.  What nobody 

had really thought about was that if you have  an object that is hot, it gives off photons of 

various wavelengths to indicate its temperature. 

 We talked about this earlier when we talked about black body curves.  The Sun is 

6,000 degrees approximately on its surface and so it gives off an spectrum of light that 

peaks in the visible part of the spectrum.  If you have an object that’s only 1,000 degrees, 

it’s gonna give off a lot of heat but not much light, and so its spectrum will peak in the 

infrared part of the spectrum.  But as you get to colder and  colder objects, the peak of that 

spectrum is going to be way down the spectrum into the infrared, and finally down to the 

radio waves. 

 And no astronomers had really thought about that, extending all the way to radio 

waves.  Well, microwaves are just radio waves.  And these two scientists, Penzias and 

Wilson, working at Bell Labs, had found microwave radiation coming from the universe.  

And they didn’t really know what it was because they hadn’t studied the big bang theory 

particularly, but they talked to the right people.  And when they actually began to plot up 
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the data that they had measured and add other data to it, what they discovered was the 

following. 

 What you see there is a black body curve, the typical up and down with a peak, and 

the peak wavelength is determined by Wien’s law — which you may want to review way 

back at the beginning of your text.  And if you use Wien’s law to see what is the 

temperature of the object giving off these microwaves, it turns out that the temperature 

peaks about 3 degrees.  Now, that’s not 5 degrees; it’s 3 degrees.  But when the original 

calculations were made for the big bang and estimating 5 degrees for the temperature of 

the universe, they were also underestimating the age of the universe.  They thought it was 

less than 10 billion years old and therefore it would still be hotter.  But with out better age 

determinations today, we realize that the age is closer to 14 billion years old and that fits 

better with a 3 degree temperature. 

 And so two engineers at Bell Labs solved the problem that astronomers had known 

existed but didn’t know how to solve themselves.  And once this measurement was made, 

once it was realized that there was a temperature of the universe and it could actually be 

measured -- it wasn’t that difficult to measure actually once they knew what to look for, 

microwaves — they realized that the steady state theory was really not the right theory.  It 

had so many things wrong with it: the distances to quasars, the temperature, the 

formation of galaxies out of nothing.  The steady state theory had nothing going for it.  It 

had a lot of evidence against it. 

 But the big bang theory, on the other hand, now had more evidence for it than had 

been previously expected because all of a sudden we had the temperature.  We already 

had the nonuniformity of the universe with distance, the discovery of quasars in the 1960s, 
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and so this just added the fuel to the fire, you might say, for the big bang theory.  And the 

steady state theory kind of went away.  It didn’t completely go away.  I can’t say that any 

theory completely goes away.  There are always a few people who hang on to it, 

regardless, saying, “Well, one of these days I’ll find some proof.”  And actually some of the 

people who came up with the steady state theory clung to it tenaciously for the last 35 or 

40 years, and have not wanted to give up on it.  But they have no evidence in favor of it.  

They like it better, but the evidence isn’t there. 

 And so we’re left with one theory and that is the big bang theory.  Yes? 

 [Inaudible student response] 

 Absolute kelvin, yeah.  Above absolute zero.  Pretty cool.  Very cool, actually.  

Yes? 

 [Inaudible student response] 

 That’s the assumption.  There are a myriad of possible big bang theories.  Once 

you’ve said, “Okay, the universe started with this, some of an explosion or” — sometimes 

astronomers don’t like to use the term “explosion.”  You might want to say super 

expansion — you know, this sudden occurrence of the universe.  Other people said, “Well, 

why only one?”  Maybe they’re are a bunch of them.  Maybe there are a bunch of 

universes and they go off here and there.  Well, we have no evidence for that.  We have 

one theory to work with. 

 Now, as I mentioned, you can get off on tangents with that theory.  You can expand 

the theory, you can contract it.  In fact, I’m kind of joking with you because some 

astronomers have expanded the universe and contracted it in their minds.  Some 

astronomers have said, “Hey, if the universe started at a specific time in the past and 
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began expanding, maybe at some point in the distant future it’ll stop expanding, come to a 

stop, and then what?  Gravity takes over and it falls in.”  Because if gravity is the only thing 

acting, it’s gonna start pulling it in. 

 We’re back to that same old problem that Newton worried about: if the universe is 

not infinite, it can’t just sit there.  And, in fact, it’s also a part of general relativity theory that 

some of you mentioned in your papers.  Einstein, in his calculations, realized that the 

universe would have to expand or it would have to contract.  If it was not infinite in extent, 

it would have to be swelling up or shrinking.  It could not just sit there.  And the Hubble law 

relieved Einstein because it made him realize that the theory did seem to predict that and 

that one of those two possibilities was actually occurring.  The universe was expanding so 

it fit the relativity equations nicely. 

 But it doesn’t have to expand forever.  It could expand to a certain size, gravity 

could be pulling back all the time, slowing it down, and then finally it stops expanding and 

then it collapses.  In other words, what I’d be saying is we don’t have to assume that the 

universe is expanding at escape velocity.  It might be expanding at less than escape 

velocity.  So that it’s going out, stops, and comes back.  

 And so theoreticians have gotten carried away with that and they have given other 

names to other possible theories.  If you’ve got a big bang that produces the present 

universe, maybe in the distant future it will end as a big crunch.  So we talk about a big 

crunch.  Others then say, “Well, what would happen after the crunch?”  Well, if you have a 

crunch and all the matter and all the energy of the universe all comes together at one 

place, there’s gonna be a lot of pressure and a lot of nasty stuff going on.  Maybe that 

causes another bang.  And so maybe it’s cyclical.  There’s a bang and a crunch, 
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everything gets messed up, starts over again with another bang. 

 The reason that astronomers like to come up with things like that is because really, 

when you go back to the steady state theory, it’s more comfortable mentally.  No 

beginning, no end.  We like things that start and end or that don’t start and don’t end, but 

we don’t like things that start and never end.  And it’s hard to imagine something that 

never started but then ends.  Somehow our minds like things to be a little symmetrical.  It 

would really make you nervous if I said, “The university has changed its policy.  This 

course began with week one, but it will never end.  These lectures will continue forever.”  

 Now you have a feeling for that disquiet that astronomers get when they talk about 

a big bang that just happened once and then keeps going.  And so we’ll continue this on 

Wednesday. 

 

 

  


