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 Okay.  We’re gonna continue our discussion of galaxies today and I wanted to talk 

a little bit about something that we’ve already briefly discussed as far as the Milky Way is 

concerned -- but now I’m going to generalize the discussion to other galaxies — and that 

is this business of unseen matter, the material I mentioned that was noticed because of its 

gravity around the Milky Way but which we can’t see. 

 This material has gone through many stages of names.  It’s been called unseen 

matter, invisible matter.  It seems to be that lately most people are referring to it as dark 

matter.  Take your choice.  But I’ll talk about dark matter because it’s a short word.  It’s 

easier to say than invisible or unseen.  So it’s all the same stuff.  It’s material of some sort 

that has gravity, but we don’t see any other evidence of it.  We don’t see any photons 

coming from it, we don’t see any stuff that leads us to believe it’s there other than its 

gravity. 

 And so we first noticed it when we were looking at the rotation of stars in the Milky 

Way and it was noticed that even when you looked way out at the edge of the Milky Way 

the stars are still moving around pretty fast, indicating that there’s a lot of matter out there.  

And yet there are very few stars out there, so what is that stuff?  And, as I mentioned, 

there have been many theories as to what it is.  Some people think it’s some strange kind 

of matter that we don’t know anything about.  Other people say, “Well, no.  It’s all those 

neutrinos that have been given off by all those stars for billions of years.  Maybe neutrinos 

have a little bit of mass.  And since they come out of all these stars during fusion reactions, 

maybe that’s the mass.” Well, they’ve had a heck of a time trying to prove that 

neutrinos have much mass.  Apparently, they have a very small amount but it doesn’t 
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seem to account for all this dark matter.   

 And so other theories have come out that — maybe it’s all dead stars of some sort.  

Maybe it’s all brown dwarfs.  Objects that tried to turn into stars but didn’t have any fusion 

reaction start, and so they just kind of died.  And so they would be kind of dark so that 

would fit dark matter.  And they’d be just these little masses all over the galaxy, adding up 

to a lot of material. 

 Well, we don’t seem to see many of those, either.  We would expect that if they 

were all over the galaxy we’d see a lot of them nearby.  And we have been looking for 

brown dwarfs very carefully the last 20 years.  We have found some, but not enough to 

account for all that material.  So as of right now, we don’t know what the stuff is.  Every 

astronomer has his favorite little hypothesis, but frankly there’s been no proof about any 

of it. 

 So now we look at other galaxies to see if maybe they have some of this dark 

matter also.  Now, how do you do that?  Well, you can look at how fast stars in the outer 

parts of other galaxies are going around.  We use the spectograph and get Doppler shifts 

for stars in other galaxies going around in a spiral galaxy and we discover that, lo and 

behold, the stars at the edges of other galaxies are also going around too fast for the 

amount of material we see.  And so, yes, other galaxies also have this dark matter. 

 But that’s not all of it.  When we figure out how much dark matter the Milky Way has, 

it’s about equal to the stuff we see.  So half the matter in the galaxy is not visible.  When 

we look at other individual galaxies, we see the same kind of thing.  About half of the 

gravity is unaccounted for by the visible stars and clouds.  But if we look at clusters of 
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galaxies — remember, all the galaxies seem to be in clusters, whether they’re in little 

groups or larger groups or small clusters or large clusters.  They are in these groups 

together.  You don’t see galaxies by themselves much.  And, in fact, if you look at this 

particular picture, this is a chart of the sky — a constellation chart, if you will.  It covers a 

whole section of sky.  And you notice that what’s plotted on here is galaxies instead of 

stars. 

 And I think you can see just above the center the Virgo cluster of galaxies.  There’s 

obviously a bunch of galaxies in that particular direction compared to all the other 

directions.  And so you can see that there’s a bunch together.  They appear to be 

gravitationally held together.  That doesn’t seem to be just an accident.  They don’t just 

happen to be all in the same direction at the same distance.  They are gravitationally held 

together somehow in this group.  That’s fine. 

 Except when you look at the Doppler shifts of these galaxies, which tells us how 

fast they’re moving toward and away from us, you realize that these galaxies are moving 

pretty fast.  They’re going back and forth around this cluster very quickly.  And, in fact, if 

you take the amount of mass that you can see in each galaxy and you add it all up so you 

know how much visible matter there is in that cluster, and then you look at how fast the 

galaxies are moving in that cluster, you realize that there’s not enough mass — at least 

not enough visible mass — to hold the cluster together.  The total amount of mass is not 

enough to keep these galaxies from flying apart — at least according to gravitational 

calculations. 

 And so you have to realize that there’s a lot of invisible matter, or dark matter, in 
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this cluster that’s holding the cluster together.  Otherwise, the galaxies would’ve all 

separated and gone their own way billions of years ago.  But they haven’t.  You look at the 

picture and they’re still together in a cluster, so obviously something is holding them 

together.  And so even just looking at a cluster of galaxies, we realize there has to be 

unseen dark matter not only in individual galaxies, but in clusters to hold the whole cluster 

together. 

 And that’s not just half of the material.  As I said, with the Milky Way it seems like 

half of it is dark matter, half of it is visible matter.  In these clusters, you need about five 

times more dark matter than visible matter to hold the cluster together.  Otherwise, these 

galaxies would all be going into escape velocity.  And we don’t think they are.  We’re kind 

of assuming they’re not going at escape velocity because they’re still together in a cluster.  

And if they were going at escape velocity, you would have no cluster.  So we have to 

make the assumption that there’s enough gravity there to hold that cluster together, and 

that means there’s an awful lot of dark matter. 

 So the mystery gets worse and worse the bigger the picture is.  We have an awful 

lot of dark matter in the universe holding clusters of galaxies together, making individual 

galaxies rotate faster than they normally would, and yet we have no idea what this stuff is.  

Kind of embarrassing, in a way.  I mean, you’ve got all this stuff out there and we can’t 

even see it. 

 Fortunately, Hubble didn’t know all that when he started looking at galaxies.  He 

thought the universe was fairly simple.  He wasn’t even sure there were actually clusters 

out there.  He thought maybe there were just galaxies — you know, just spread evenly 
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around through space.  And what he wanted to do was determine their distances — and 

I’ve already talked about how you get distances, but I’ll go over it again just so you know. 

 Okay.  We start at the top.  We want to determine distances to all these galaxies.  

We look at Cepheids in those galaxies and we know the period luminacity relationship 

with Cepheids, so we use that.  That gives us the distances to nearby galaxies.  Then, as 

I mentioned previously, we make assumptions about galaxies in general — and this is 

where you can start to argue, well, maybe your assumptions are wrong.  And, yeah, they 

may be in some cases.   

 I mentioned a couple of assumptions.  If you see galaxies that are big, they’re 

probably close.  If you see galaxies that look very small, they’re probably far away.  Now, 

for an individual galaxy, you may be making a mistake.  You may be looking at a giant 

spiral and a little dwarf spiral.  It’s always possible.  But if you look at a cluster of galaxies, 

you should have a nice mix of big spirals and little spirals.  So if you look at clusters, 

clusters with all big galaxies are probably close.  Clusters with all small galaxies are 

probably far away. 

 So you can determine their distances by making assumptions about the galaxies 

that in a cluster the average galaxy is an average galaxy.  And you can look at its 

brightness or you can look at its size.  You can look at the kinds of clusters of stars that 

are in galaxies.  You can look at the sizes of H2 regions.  We realize that in the Milky Way 

all those bright nebulae that we call H2 regions are more or less the same size.  And so if 

we look at other galaxies and we see a pretty big H2 region, well, we figure that galaxy is 

closer than if it’s a tiny little H2 region. 
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 So there are lots of techniques you can use at that point and astronomers do not 

rely on any technique.  They try three, four, five different techniques, all making 

assumptions about galaxies, and then they take the average distance from all of ‘em.  

That way if one of the methods isn’t too good, the other ones should help to compensate.  

But the farther away you get on these distant galaxies, the larger your error is going to be.  

And we realize that.  So the whole idea is to keep making these measurements, keep 

refining the techniques, until you get your errors down to a reasonable amount. 

 Well, Hubble started this.  He started looking at Cepheids in all these other 

galaxies and he also noticed a publication that had come out some years before he even 

started.  This publication mentioned that a lot of the galaxies that had been looked at with 

spectra had large red shifts.  In other words, when you look at the spectrum of the galaxy, 

the lines all seem to be shifted toward the red. 

 Now, you would expect some red shifts.  I just mentioned with the Virgo cluster that 

if we look at the spectra, we can tell that some galaxies are coming toward us and some 

going away because of the red shifts and the blue shifts.  But that’s red shifts and blue 

shifts.  That’s random motion: some coming toward, some going away.  You expect some 

of each.  Galaxies are moving around just like stars.  But what was noticed back in the 

1920s was that most galaxy spectra showed red shifts and very few — in fact, two — 

showed blue shifts. Now, you start looking at dozens of galaxies and only two of ‘em 

show a blue shift and all the rest of ‘em show a red shift, you begin to wonder what’s going 

on.  Something peculiar happening. 

 So Hubble noticed this and so not only did he measure the distances to galaxies, 



ASTRO 114 Lecture 50 7 
 
he started getting spectra to see how much red shift the galaxies had.  And he plotted — 

well, here’s a picture o f these galaxies.  Now, over on the left of this drawing is a galaxy in 

a cluster.  Notice the top one is Virgo.  That’s one of the close clusters, the one I just 

showed you.  And the galaxies look large and you notice — well, you can’t really see it 

very well, but there’s a tiny little red shift.  There’s a tiny little arrow on the top spectrum 

that shows a very, very small red shift.  Hardly noticeable. 

 You go down to the second cluster, the Ursa Major cluster, and you see the arrow 

is longer.  It’s a larger red shift.  You go down to even a smaller galaxy in a more distant 

cluster — we’re determining their distances by their sizes here — and the Corona 

Borealis cluster, you see that the arrow is again longer for a larger red shift.  And then you 

go down to the [sounds like:  Phawooties] cluster and you see that its red shift is even 

larger than that.  And finally at the bottom you see the Hyades hydrocluster and it has an 

extremely large red shift. 

 Notice that on this photograph the lines have shifted all the way from the left to the 

right side of the spectrum.  So what you’re measuring are the positions of particular lines 

in the spectrum and they’re all farther to the red, depending upon which galaxy cluster you 

look at.  But as the galaxies themselves get farther away, which we’re measuring either 

with Cepheids or by the sizes of the galaxies, we notice they have bigger and bigger red 

shifts. 

 Well, this is what Hubble noticed.  He looked at these and he said, “What is going 

on?”  So he plotted a graph to see what was going on and here’s the graph he plotted.  It 

has dots on it because those are individual galaxies that he measured.  He got their 
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distances.  In this case, the distances are listed in millions of light years, MLY.  He then 

noticed their velocities, their Doppler shift velocity in kilometers per second, and when you 

plot it on a graph you get a straight line. 

 And he realized that there was very nice relationship, a straight line relationship on 

a graph, between the distances of galaxies and their red shifts.  This relationship between 

distance and red shift became known as the Hubble Law of Red Shifts.  The red shift of a 

galaxy is directly proportional to its distance.  The farther away galaxies are, the more red 

shift they have.  It’s an observed thing.  No theory here.  This is strictly looking at the 

distances of galaxies, calculating them with Cepheids or with their sizes, and then looking 

at the spectrum and seeing that the lines in the spectrum are red shifted.  And when you 

plot up a whole bunch of galaxies that you’ve measured that way, all the galaxies have 

red shifts and the farther away they are the larger the red shift. 

 Now, astronomers have been studying this for a long time.  We have a straight line 

on this graph, right?  I could draw a nice line there.  In fact, I’ll show you another one in a 

minute with the line.  You can write an equation for a straight line and so the Hubble law is 

usually written as an equation.  The velocity of a galaxy — that’s the vertical axis on that 

scale — is equal to some constant times the distance of the galaxy.  That’s what the 

equation looks like for a straight line on that graph.  And the H in that equation is a 

constant.  It is known as the Hubble constant.  I mentioned earlier that all these things 

have Hubble’s name attached to them -- the Hubble classification for galaxies, the Hubble 

law, the Hubble constant -- because he got their first. 

 So the Hubble constant is literally the slope of this graph.  So if you just look at that 
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bunch of dots and draw a line through it, it has a certain slope.  That’s the Hubble constant.  

The value of that slope is the Hubble constant.  Because if you look at — what is the slope?  

It’s Y over X, right?  Well, Y over X on that graph is velocity over distance.  And if you just 

do a little algebra on this equation, velocity over distance equals H, the slope.  So the 

Hubble constant is nothing but the slope of that graph.  So again it’s an observed thing. 

 Now, a more modern drawing of that is this.  I think you can read that pretty well.  

I’ve left the dots out.  Now I’ve just put the line in.  Notice that the scale is now in mega 

parsecs.  When Hubble first started making his measurements, astronomers used light 

years but then they shifted to parsecs.  So, you know, there are 3.26 light years in every 

parsec so we just change the scale a little bit.  Today we measure the distances to 

galaxies in mega parsecs, or millions of parsecs, and the velocity scale is still in 

kilometers per second. 

 So we still have that nice straight line.  The Hubble constant, the value of it, is 

labeled on this graph as 75 kilometers per second per mega parsec.  That’s just the ratio 

V over D, or Y over X.  That number is extremely difficult to determine.  Now, you might 

think, “Well, you just had a graph with all the galaxies there.  Looked easy.”  Yeah. 

 When Hubble first did the calculation to get the slope of that graph, he had all the 

distances wrong.  Why did he have all the distances wrong?  Well, I mentioned it earlier 

that there were two kinds of Cepheids but astronomers thought there were only one kind 

until the late 1940s.  Well, Hubble started this work back in the 1920s so he was using the 

wrong Cepheid relationship and so he got all the wrong distances.  And so he got a 

completely different number for the Hubble constant.  It’s supposed to be a constant, 
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right?  

 Well, the Hubble constant is about the most variable number in astronomy 

because every time astronomers calculate distances to galaxies, they get different 

distances.  That’s because you start out using one Cepheid relationship and then you 

realize that’s wrong.  You’ve got two Cepheid relationships, so then you’ve gotta decide 

which Cepheids you’re looking at.  And so you adjust all the distances to the galaxies. 

 Then you start estimating distances based on size or brightness.  Then later on 

you find out that you kind of missed there — you know, the sizes were a little bit different.  

Because when you start using better telescopes and longer exposures, the sizes get 

bigger.  And so astronomers have been playing around with the distances to galaxies for 

the last 75 years, literally trying to improve the distances.  But every time they change that 

bottom axis a little bit, that changes the slope of the graph. 

 And so the Hubble constant keeps changing its number depending upon who’s 

been doing the research recently.  So there have been some numbers in the last 10 

years — that’s recently — that had the Hubble constant as high as 100 kilometers per 

second per mega parsec.  And there have been other calculations done that say, no, that 

constant is 50 kilometers per second per mega parsec.  That’s a pretty big difference.  

That’s a factor of 2 in the size of that constant.  What that says is that astronomers are not 

as sure about distances as they would like to think they are.  

 Now, during the last 10 years with the Hubble telescope being in orbit, we’ve been 

able to get much better measurements of distances to galaxies.  In fact, that was one of 

the major reasons they put the  Hubble telescope in space in the first place was because 
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of this problem with distances.  They wanted to be able to get accurate distances to 

galaxies and needed a telescope in space to get good spectra and everything else so we 

knew what this Hubble constant was.  It’s why they named the telescope the Hubble 

telescope because they were trying to determine the Hubble constant.  Make sense? 

 So anyway, they are narrowing it down now.  The latest number I actually saw, 

which was — it’s in about the last year, is that the Hubble constant is somewhere around 

73 plus or minus 3 or 4.  So 75 is still within the error of the actual value, so that’s why I 

said this is a pretty modern calculation.  This is about as close as we can get right now.  

But there are some astronomers who will swear that that Hubble constant is 90.  There 

are others who will still argue with you and say 50.  But they’re kind of losing ground 

because they don’t have enough evidence to prove it.  The other evidence from other 

techniques says that it’s closer to 75. 

 Now, you might wonder why are we worrying about this number so much.  

Because what it really tells us is something fundamental about the universe.  We’re 

noticing that galaxies that are farther away are moving away faster.  That’s the reality here.  

Nearby galaxies are not moving away very quickly.  In fact, the two I mentioned that 

actually have blue shifts, one of them is the Andromeda Galaxy.  Remember I said it’s 

coming toward the Milky Way.  It’s a rare case.  But all the other galaxies pretty much are 

moving away. 

 Well, why?  Why are galaxies moving away from us?  I don’t think the Milky Way 

has a case of BO because it wouldn’t work that way.  If galaxies close to us were moving 

away the fastest, then we’d know there was something wrong with the Milky Way.  
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They’re trying to get away from us.  But the ones that are nearby aren’t moving away 

much — just a little bit.  It’s the ones that are far away that are moving away the fastest.  

And how do you make sense out of that? 

 Well, Hubble figured it out — or at least he believed he figured it out and most 

astronomers agree that he probably figured it out.  He realized that this is exactly the kind 

of graph you would get if you assumed that the universe was expanding, that it’s swelling 

up.  It’s getting bigger and bigger.  And so as the universe gets bigger and bigger, 

everything’s gonna move away.  And, when you look at it in detail, if you actually do the 

geometry, objects that are close to us can move away a modest amount and still spread 

apart.  Galaxies that are farther away from us have to move farther away to keep up with 

that spreading apart, and so they look as if they’re going faster because they are. 

 Now, if you’re trying to visualize this, one analogy that astronomers try to use a 

lot — and I don’t know how good it is; you can think about it yourself — is to think of a loaf 

of raisin bread.  You’re gonna bake a loaf of raisin bread in the oven.  So you make some 

dough and you put some raisins in it and mix ‘em around.  You’ve got a small ball of dough 

with raisins in it.  The raisins are pretty close to each other.  You put them in the oven, the 

dough begins to rise, and then you bake it and you get a big loaf.  What happens to the 

raisins in that dough while the dough is rising?  The raisins move apart from each other. 

 Well, think about two raisins that are on opposite sides of that ball of dough.  As the 

universe expands or as the dough expands, those two raisins move apart pretty far.  They 

might double their distance, right?  And so if you go from a loaf that’s this big before it 

rises to a loaf that’s this big afterwards, those two raisins on each side of that dough have 
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moved apart quite a bit.  But if you look at two raisins that are right next to each other in 

the dough, they will also move apart and double their distance.  But since they were closer 

together to start with, the doubled distance isn’t that much larger.  And so they don’t have 

to move apart as fast as the dough is rising. 

 Well, it’s an exact analogy to the universe.  Galaxies that are near each other can 

move apart if the universe itself is expanding like the dough and galaxies that are far apart 

have to move apart faster to keep up with the expansion.  As so as you look farther and 

farther away into the universe, galaxies will appear to be moving faster and faster away 

from us if we make the assumption that the universe itself, space itself, is getting bigger.  

It’s expanding. 

 Once Hubble made that — came to that realization, we then had to refer to that 

whole business as the Hubble expansion.  So we’ve got the Hubble classification, the 

Hubble law, the Hubble constant, and now we come to the Hubble expansion of the 

universe.  He found the expansion of the universe by seeing that more distant galaxies 

are moving away faster than nearby ones and that relationship that you see is an 

expansion relationship.  It works. 

 And so we now believe that the universe is spreading apart.  Which means over 

time the universe starts out with galaxies close to each other.  As time goes on, in the 

middle frame, the galaxies get farther apart and, after a long period of time, they’re all 

farther apart.  It’s just a general expansion of the universe itself.  And so what we see is 

that the universe has been expanding for a long time.  Started out, probably, very close 

together, getting farther and farther apart, and will continue to get farther and farther apart.  
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Now, that’s the observations. 

 Now comes the theory.  What’s causing this?  Why is this happening?  And that’s a  

totally different subject.  Well, it’s the same subject.  It just gets into a different realm.  

Back in the 1940s when this was first found, nobody knew for sure why it was happening 

and so there were lots of hypotheses.  Some people said, “Hmm, it’s an optical illusion.  

It’s not really happening.  We just think it’s happening.”  Well, I guess you can say that, but 

how do you explain the red shifts?  You know, you’ve gotta have some way to explain the 

red shifts if it’s not really happening.  Why are those red shifts on my spectrum?  And it’s 

not obvious. 

 And so after awhile astronomers kind of gave up on trying to claim that it wasn’t 

happening.  They tried to explain various possibilities of why it was happening — or at 

least what was happening.  And so two theories kind of came out of that.  One theory was 

referred to as the steady state theory and that is that’s the way it’s always been.  Galaxies 

are spreading apart.  

 Except in that steady state theory, this drawing I’m showing you is wrong.  The 

reason it’s wrong is because I’m assuming — I don’t have anything else to go by — I’m 

assuming that the galaxies start out close together, get thinner and farther apart, and 

continue to get thinner and farther apart.  I’m assuming that there are only a certain 

number of galaxies, period.  That’s how many we have and they are gonna get farther 

apart.  The steady state theoreticians said, “No, we’re only seeing it now.  We don’t know 

really what it used to look like and we really don’t know what it’s gonna look like in the 

future.” 
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 And so what they proposed was that the universe always stays the same on a big 

scale.  Individual galaxies may separate from each other.  But as they separate from each 

other, new galaxies could form in-between the old ones.  Now, it takes you a minute to 

think about this.  Hmmm, new galaxies forming in-between the old ones.  And so after a 

long time, if I were to come back and look at the universe again in 10 billion years, it would 

still look like this except that these three galaxies would now have moved farther apart, 

but there’d be new galaxies in-between so that the number of galaxies per volume of 

space would pretty much stay the same.  That’s why it was called the steady state theory 

because everything stayed the same. 

 Over a long period of time, the universe always looks the same.  New galaxies 

form in-between the old ones, the old ones move apart, and then the new ones start to 

move apart.  When they get old, new galaxies form and continue.  Without any additional 

evidence, that theory is as good as any. 

 But there was another group that said, “No, we don’t buy that.”  The main reason 

they didn’t want to buy it was because we didn’t see any evidence of new galaxies forming.  

In fact, there was evidence against it.  When we look at galaxies, whether we look at 

spirals or ellipticals or irregular galaxies, in every galaxy we look at we find old stars.  I 

showed you those color pictures of the old stars in the center and younger stars around 

the edges for spirals, but for ellipticals they’re all old.  We don’t see any galaxies that don’t 

have old stars in them. 

 And so this steady state theory seemed to be indicating you had to have some 

young galaxies that had just formed and astronomers did not see this, and so there were 



ASTRO 114 Lecture 50 16 
 
a lot of astronomers who did not like that steady state theory.  It’s a simple theory because 

you don’t have to explain anything.  You don’t have to say how it started because it’s 

always been going on.  You don’t have to explain how it’s gonna end because it isn’t.   It’s 

just gonna keep going on.  It’s very simple in that way, but it also leaves some questions 

about how these new galaxies are gonna form to take up the empty space as the older 

ones spread apart. 

 So a second theory became more popular and the second theory was called the 

big bang theory.  In an odd twist of fate, the person who named it the big bang theory was 

one of the authors of the steady state theory.  One of the scientists that was in favor of the 

steady state theory called the other theory the big bang because he was trying to make 

fun of it.  He said, “Aw, they’ve got this big bang,” and it kind of caught on.  It sounded 

pretty good so astronomers started using that.  But he didn’t mean it as a compliment 

when he first referred to that other theory. 

 Because the other theory, the one that we now accept as more correct — and 

notice I didn’t say correct; I said more correct ‘cause there’s always a possibility we’re not 

quite right — is that there was initially some sort of an explosion.  All the galaxies formed 

at about the same time, and then there they were, close together, and they are now 

spreading apart and will continue to spread apart.  That’s the alternate theory. 

 This one brings up a lot of problems.  With the steady state theory, I don’t have to 

explain what happened before.  It’s always the same.  With the big bang, I have to explain 

this bang, this explosion that starts everything flying apart.  Then I have to kind of worry 

about, “Well, what happens later on?  Does it just keep going or does something else 
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change?”  Exactly what happens at that point.  So the big bang theory causes more 

problems, but you don’t have to explain how galaxies can form in the middle of nowhere 

and you don’t have to try to explain why we don’t see any of ‘em. 

 So the observational evidence is not there for the steady state theory and so we’re 

left only with the big bang theory because nobody’s come up with a third one.  Although 

just recently in a news magazine I was reading that there are some astronomers who are 

trying to come up with a different theory.  So it keeps happening.  Theoreticians are 

always working.  Yes? 

 [Inaudible student response] 

 Okay.  We’re not misleading you.  We have evidence for the big bang.  If there 

were no evidence available, it would just be a hypothesis but we actually do have 

evidence for it. 

 [Inaudible student response] 

 That we don’t have evidence for, okay? 

 [Student: What’s the difference between a theory and a hypothesis?] 

 A hypothesis is just a suggestion as to what might’ve happened.  You then have to 

look for facts.  You say, “Okay.  If you say that this happened” — for example, with the 

steady state theory.  If you say that new galaxies are forming in-between old ones as the 

galaxies spread apart -- we have the facts that the galaxies are spreading apart, we see 

the Doppler shifts -- you’ve gotta show me some new galaxies, right?  Well, they couldn’t.  

Every galaxy we’ve looked at has old stars in it and so there aren’t any new galaxies that 

we can find.  And so that theory starts to — or that hypothesis starts to look worse 
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because the evidence isn’t there. 

 [Inaudible student response] 

 Well, it has fewer gaps.  It still has gaps, yeah.  So it’s closer to a working theory, 

but we’re still trying to find the observations to nail it down completely. 

 [Inaudible student response] 

 No, it’s not wrong.  It’s the way science works.  It’s the way science works.  We 

never know for sure.  We never know for sure that anything in particular is going to go 

exactly the way the theory has it.  Scientific theory can always be corrected.  New 

observations can adjust the old theory.  Now, if this theory didn’t have any evidence for it, 

it would just be a hypothesis and I could just as well say it’s an optical illusion.  But it does 

have evidence for it.  And the theoreticians who were in favor of the big bang have been 

able to come up with a lot of good evidence, and so we realize that it’s more than just a 

hypothesis.  Because they hypothesized that there was an explosion and that everything 

would expand.  So they explained the expansion by an explosion.  We don’t explain the 

explosion yet.  All we’re saying is that that seems to be what happened, okay? 

 Now, if we look at the Hubble constant, the value of the Hubble constant, 75 

kilometers per second per mega parsec, that tells us how fast all the galaxies are 

spreading apart.  Now, if there was an original explosion, then I can pretty well say that in 

the past all the galaxies were closer together.  If my hypothesis is correct, then in the past 

all the galaxies were closer together.  It’s obvious.  And the farther back you go, the closer 

they were. 

 Well, by knowing how fast they’re going apart and how far apart they are now, I can 
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actually calculate when they were all together.  I know the expansion rate and so I can just 

work it backwards, just run the film in reverse, and tell you how long ago this bang 

occurred.  And the number we come out with, with a Hubble constant of about 75, is about 

13 billion years ago, 13 to 14 billion years ago. Okay.  We then look at the age of the 

oldest stars in all these galaxies and all those older stars are a little bit older than 10 or 12 

billion years old.  So that is relatively consistent with how long the galaxies have been 

galaxies.   

 [Inaudible student response] 

 Well, galaxies.  Let’s just say the galaxies.  We don’t assume that the galaxies just 

were there after the explosion.  The explosion was probably the material of the universe, 

the hydrogen and helium.  And so we -- 

 [Inaudible student response] 

 We don’t know what caused the explosion.  But that does not mean it did not occur.  

Just because we don’t have an answer to what caused it, we do see the evidence for it.  

We see the expansion, we can estimate the age from the expansion, we look at the ages 

of stars and we see that they are over 10 billion years old, the oldest ones. 

 [Inaudible student response] 

 The ages of stars is totally independently derived.  We determine the ages of the 

stars by calculating their evolutionary paths, right?  I mean, that was a few chapters ago.  

I know some of you didn’t read those chapters, but that’s a totally separate discussion.  

We discussed how the stars evolved.  We know the nuclear fusion rates, we know their 

masses, and we calculate how long it takes them to get to be red giants or supergiants.  
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So we know the ages of the stars in those galaxies.  And we now estimate the age of the 

entire universe from the expansion and it all seems consistent. 

 Now, if you’re unhappy with the theory because we can’t say why the explosion 

occurred, we are not trying to explain whys anyway.  We are explaining whats.  What is 

happening is this.  There’s an expansion and how it possibly happened is this, how the 

universe got to where it is.  Why it got to where it is?  We don’t know. 

 We’ll continue this discussion later.  

  


