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 Okay.  We’re gonna continue our discussion of Cepheid variable stars that I began 

yesterday.  If you remember from yesterday’s lecture, these stars are stars that are 

changing their sizes and their temperatures and therefore their brightnesses.  I’m showing 

you a graph here.  At the top is the star itself.  It starts out as red and fairly large, so you 

might think of it as a giant or supergiant, and then it begins to shrink and heat up, and it 

gets hotter and then it begins to swell up and get redder again and get cooler.  So these 

stars are changing their size and their temperature and therefore changing their 

brightnesses. 

 Now, I haven’t mentioned why they do this.  They’re strange stars.  They are 

unstable.  When they were first discovered, it was not known why they did it.  The first 

discoveries actually were made by looking at a whole bunch of these stars in a particular 

place in the sky, the large medulanic cloud.  That’s a nearby galaxy to the Milky Way.  It’s 

at a particular distance.  And when astronomers plotted the period of these particular 

stars — because they’re all swelling up and shrinking down in a certain amount of time — 

and the brightnesses of those stars, they got this kind of a graph where you have a 

straight line, more or less, for period versus brightness.  In other words, if you plot the 

period along here — and notice it goes from about one day to 100 days, three months — 

and the brightness compared to the Sun — that’s solar unit — so these are bright stars.  

They are very bright.  In fact, we would normally consider them supergiants.  So they’re 

really big stars. 

 As you have a longer and longer period, the star is brighter and brighter.  And so it 

was noticed that these stars followed some sort of rule.  They’re swelling up and shrinking 
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down in a certain amount of time.  If they’re swelling up and shrinking down in one day, 

they’re much fainter than if they’re swelling up and shrinking down in 100 days.  Well, if 

you think about it, it kind of is logical if you start thinking about physically what’s going on.  

You’ve got a star that is swelling up and then it’s shrinking down.  If it’s pretty small to start 

with, then as it swells up and shrinks down it doesn’t have too far to go and so it can do it 

fairly quickly.  But if it’s very large to start with, it takes longer to swell up and shrink down 

just because it’s gotta go a lot larger distance.  And so it was realized that this was not 

only from faint to bright but smaller to larger.  And the difference in brightness was really a 

difference in size.  And so what we have are stars of different sizes that are swelling up 

and shrinking down. 

 Now, you’ll notice on this graph that I have Cepheids labeled and then I have this 

other group that are called RR Lyrae stars.  They are also swelling up and shrinking down.  

But notice they are doing it in less than one day.  They are very small.  I would not call 

those supergiants.  They’re more just giants.  Still big stars compared to the Sun.  And 

notice they’re almost 100 times as bright as the Sun so they are fairly large stars.  But they 

can swell up and shrink down in one day or less because they’re relatively small.  

Whereas these very large ones that take three months to swell up and shrink down are 

maybe getting as big as the orbit of Jupiter.  So we’re talking about real supergiants here. 

 And so we have a group of stars that are swelling up and shrinking down very 

regularly.  When I say that it takes a particular star 10 days to swell up and shrink down, 

that is every 10 days it swells up and shrinks down.  There’s no change.  It’s as good as a 

clock.  You can time it and it will swell up and shrink down over and over again in the same 
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period. 

 Now, if we think about the structures of stars, bigger stars tend to be more massive.  

If we look at just main sequence stars, the little red ones have the low mass.  The large 

blue ones have the most mass.  Well, astronomers began to wonder if this was the same 

problem with these stars: that since they’re bigger and take longer to pulsate, maybe they 

also have more mass when they’re bigger and take longer to pulsate.  And so some 

calculations were done and it was realized that, yes, the length of time it takes for these 

stars to pulsate really depends on their mass.  Because their size depends on their mass.  

The mass is the fundamental property here that we’re worrying about.  More massive 

stars are bigger.  The bigger stars take longer to swell up and shrink down. 

 Now, you then come down to the question of why are they doing this?  Okay.  We 

understand what’s happening but why?  Well, let’s look at the H-R diagram — or only a 

part of it.  This is kind of a quick view.  Remember I talked about star clusters of different 

ages becoming main sequence stars and then the top of the main sequence, those stars 

that have high mass, stopping main sequence stars and turn into red giants and 

supergiants.  And so if you look at this, most of these stars are main sequence and then 

they are some supergiants and giants.  The stars are all becoming giants and supergiants 

at some point. 

 The Cepheids, as it turns out, are halfway between being main sequence stars and 

being red giants.  They are actually the stars that are changing into red supergiants.  But 

if you think about a star being a main sequence star, it’s a hot blue star and it begins to 

swell up and turn into a supergiant.  It’s becoming unstable.  It’s changing its structure.  
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It’s going from being one kind of a star to being a completely different kind of a star.  As it’s 

doing that, it goes through a phase where it becomes literally unstable.  It doesn’t even 

know what size or brightness it’s supposed to have.  And so it begins swelling up because 

it’s trying to turn into a red supergiant and then it shrinks back down a little bit.  And it 

swells up and it shrinks down. 

 So it’s a stage between being a main sequence star and being a supergiant where 

the star is changing quickly inside.  It literally becomes unstable and starts to pulsate.  

And so once astronomers realized what kinds of stars they were, they could then begin 

doing calculations of the structure of the interior and they realized that, yes, if you start out 

with a stable interior as a main sequence star and  you go to a stable interior as a 

supergiant, there is a stage that the star goes through where it becomes unstable.  It 

doesn’t take too long to go through there.  It’s a blue giant star and then it’s a red 

supergiant.  But during that million years or so that it takes to turn into a red supergiant, it’s 

swelling up and shrinking down as it’s changing. 

 And so are the Cepheids.  How long it takes them to swell up and shrink down 

depends on their masses and their sizes.  And so we now understand what these stars 

are doing, why they’re doing it, but the interesting thing — and it’s interesting just to see 

what they’re doing and why they’re doing it — but an interesting thing in a different kind of 

view is that there is now a relationship between the brightness of one of these stars, the 

real brightness, and the period of pulsation.  

 That means if I find one of these stars out in the sky somewhere, I look at it and I 

determine how long it takes to pulsate.  Let’s say I watch it over a period of months.  I take 
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photographs of it or images of it, and I notice that it’s getting fainter and brighter, fainter 

and brighter.  It’s this little dot on a photograph.  After I determine its period, I can then 

look at this graph and from the graph determine its actual brightness.  So I know 

something about this star that I would not know otherwise.  I know its absolute magnitude.  

And I haven’t calculated its absolute magnitude.  I’ve just looked at how long it takes to 

vary and I look at this graph and realize that I can get its absolute magnitude. 

 Now, when you study a lot of these stars, you realize that they follow a slightly 

different graph — and here’s a better graph of it.  Okay.  There it is.  What you see on this 

graph is that there are two kinds of Cepheids.  I jus t showed you one on the previous 

graph because that was when they were first discovered.  People thought there was only 

kind.  Cepheids were studied for over 40 or 50 years before somebody realized there 

were two different kinds. 

 And so astronomers had the wrong relationship between period and brightness for 

over 40 years.  But we now got it figured out.  We realize there are two kinds and so we 

call them Type 1 and Type 2.  Typical astronomical nomenclature.  You name something, 

name it 1 and 2, A, B, C, whatever.  So anyway, there are two types of Cepheids.  And 

we’ve still got those RR Lyrae stars that have the short periods, are much smaller, and so 

they can vary much more quickly. 

 All of these stars have one thing in common.  We know their absolute magnitudes 

on the right scale if we know their periods.  Because they all follow this exact same 

relationship.  So if we know their absolute magnitudes, by determining only their period — 

which means if I find one that’s 20th magnitude, this tiny little dot way out there in the 
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galaxy somewhere, and I photograph it over a period of time and I discover it’s changing 

its brightness over a month and a half, I now know it’s absolute magnitude without ever 

calculating its absolute magnitude directly because I’ve got this graph showing the 

relationship.  And now you’re saying to yourself, “So what?”  But if you have the absolute 

magnitude from the period, you can combine that with the brightness it looks and you can 

get the distance to the star. 

 So we start out with the period of the Cepheid.  That, from the graph I previously 

showed you, gives the absolute magnitude of that Cepheid.  I then know what its apparent 

magnitude is because I can see what it looks like on the photograph.  I now know both of 

its magnitudes.  Normally, to calculate an absolute magnitude, I need to know the 

distance to the star.  Because an absolute magnitude is the brightness at 10 parsecs, 

remember?  So I need to know its distance to calculate its absolute magnitude normally.  

But with these stars, I’ve gotta short-circuit here, I know its absolute magnitude right away 

and I know its apparent magnitude.  So I can work the calculation backwards and 

calculate the star’s distance.  No matter where it is in the galaxy.  Even if it’s a 20th 

magnitude star and it’s way out there someplace, as long as I get the period of variation I 

can get its distance. 

 Now, remember we need to know distances to objects in order to understand what 

the galaxy looks like.  And the major way we have of getting distances is parallax 

measurements but they only go out so far.  Maybe a thousand parsecs, that’s about it.  A 

couple of thousand light years.  But with Cepheids I can tell how far away they are if I can 

see ‘em.  No matter how far away they are, I can calculate their distances by looking at 
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their periods.  I can see Cepheids 10 million light years away or more.  Which means I can 

calculate distances all of a sudden not out to a few thousand light years, but out to millions 

of light years because of these particular kinds of stars. 

 So it turns out that Cepheids are extremely valuable.  If you find one of them in a 

cluster of stars, you calculate its distance and you now know the distance to that whole 

cluster of stars.  Because if it’s in that cluster, you’ve got the distance to the whole bunch.  

So if I can find Cepheids here and there around the Milky Way galaxy, I can tell how far 

away that part of the Milky Way galaxy is.  In fact, if I can find these Cepheids in other 

galaxies, I can tell how far away they are.  Because these are a unique kind of star that 

give me its distance by its period.  All I have to do is a few calculations to get to the final 

answer.  So the discovery of Cepheids was very important.  Yes? 

 [Inaudible student response] 

 Well, if your relationship here is correct, if you’ve plotted this graph correctly, then 

you’re right.  I guess the question you’re asking is how do you know that the stars are 

actually following this relationship?  We look at nearby ones.  We have other methods of 

determining their distances: parallax or looking at its spectrum and its magnitude.  We can 

get other methods for nearby stars to get their distances.  We then compare it with this 

and we say, “Oh, yeah.  It works.”  So we check it with many, many stars.  But, yeah, it is 

a problem because, as I said, for the first 40 years of studying these stars, we didn’t even 

know there were two kinds of Cepheids.  And so what was happening was everybody was 

averaging the two.  And so distances were wrong. 

 There was a headline, I think, in The New York Times in the 1940s: “Astronomers 
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Double the Size of the Universe.”  Well, astronomers didn’t double the size of the universe.  

We didn’t have any control over that.  But people realized there were two types of 

Cepheids and they’ve been calculating the distances wrong.  And when they did the 

correct calculation, the sizes doubled.  And so all of a sudden the universe was a lot 

bigger.  And you’re asking how do we know that we’ve got it right this time.  We’ve been 

checking it very carefully and we’re pretty sure we’ve got it within 5 or 10 percent.  So 

these stars have been checked for almost 100 years now.  We’re pretty sure that if you’ve 

got a real Cepheid, you know its absolute magnitude from its period as long as you know 

whether it’s a Type 1 or a Type 2. 

 And you can actually tell the difference between those because they have different 

kinds of light curves.  Astronomers didn’t realize that was important.  They just saw them 

varying in brightness, thought they were all the same.  Turns out there are two different 

kinds which have different brightnesses and different periods, but you can tell them apart 

from their light curves.  So we’ve now nailed that down. 

 Okay.  With that background, knowing how we actually can get large distances 

now accurately, I want to start discussing the Milky Way itself and I’ll start out with a little 

bit of history.  You remember William Herschel — I hope you do.  He discovered the 

planet Uranus, he became King George’s astronomer, he then went on to study double 

stars, he was the first person to prove that stars actually did go around each other in orbit 

and they followed Kepler’s laws and Newton’s laws.  He also built large telescopes.  He 

built a 48-inch reflecting telescope.   

 Well, he made good use of that 48-inch telescope.  He didn’t just look at double 
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stars.  He wanted to study the galaxy.  He had big ideas.  He wanted to figure out how big 

the Milky Way really was.  But back then, he didn’t have any way to measure the 

distances.  He didn’t have parallaxes.  He didn’t know about Cepheus.  He was sort of, as 

you might say, in the dark about it all.  His assumption was that most stars were probably 

the same brightness.  Now, as you know, that is a very bad assumption.  Stars have 

brightness variations over large ranges.  But he didn’t know that back in 1800.  He looked 

up at the sky and saw a lot of little white dots, and thought, “Well, maybe the faint ones are 

far away and the bright ones are close.”  You don’t know anything else, that’s maybe a 

good guess.  And so he set up what he thought was a relationship between the 

brightnesses of stars and their distances. 

 So in this top graph, if — if all stars are the same brightness, then I should be able 

to work out the distances of stars if I know their magnitudes, right?  If they are all the same 

brightness, then the faint ones will be far away and the bright ones will be close.  That’s 

the assumption he made when he started studying the Milky Way.  Because he didn’t 

know any different he figured, “Why not?  We’ll start out with that assumption.” 

 It turns out that if there’s some variation in the brightness of stars — they’re not all 

exactly the same brightness — then your estimate of the distance is going to be a little 

less accurate.  And he realized that he might be a little bit off, but at least he’d be able to 

get a rough estimate of distances.  So he didn’t expect them all to be exactly the same 

brightness but he figured, “Well, there might be some variation, but I can still get a rough 

distance.” 

 What we realize today is that stars vary so much in brightness that you can’t get 
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their distances at all.  Because there’s so much of a change in brightness from one star to 

another, you try to use those brightnesses to get distances, the error of your distance — 

and that’s the green box — is enormous.  And so it really doesn’t work.  But Herschel 

didn’t know that, so historically he tried to calculate the size of the Milky Way strictly by 

looking at brightnesses of stars. 

 Now, he had a big telescope.  He had a 48-inch telescope.  And so he could look 

pretty far away.  That’s even a big telescope today.  You can do real galaxy research with 

a 48-inch telescope.  And so he looked at certain places in the sky.  Now, he realized that 

there were billions of stars out there and he didn’t have time to look at all of ‘em.  So what 

he did was — he said, “Okay.  If I look in that direction in the galaxy, it’s probably almost 

the same as looking in a direction that’s nearby.  But it might be different from looking over 

in another direction.” 

 So he took what he called selected areas of the Milky Way.  He would look over 

this way, he would look over that way, he would look over that way and over that way, so 

he was doing a sample.  It’s like taking a poll.  You ask a thousand people what they think 

about something and you get some statistics which give you a vague answer of what 

people think.  Well, what he was doing was looking in a certain direction and seeing how 

many bright stars there were, how many medium bright stars, how many fainter stars, and 

how many tiny little faint ones.  Because he figured he could tell how thick the galaxy was 

at different distances by seeing how many stars of different brightnesses there were. 

 And he did this in a whole bunch of different directions and then he just assumed 

that in-between those particular places it would average out.  Essentially, he was 
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sampling the galaxy, trying to find out where the edge was in each direction.  How faint 

are the stars that are the farthest away, which he assumed were the faintest, and then he 

would try to estimate their distances.  Now, I wouldn’t even call it “estimation”; it’s more 

“guesstimation.”  Because, first of all, stars are not the same brightness and he was 

making that big assumption.  He wasn’t even sure what the magnitude scale was at that 

point because it hadn’t been nailed down exactly.  So it was all crude measurements but 

at least it was the first attempt. 

 And when he made those measurements this is the galaxy he came out with.  He 

made all these measurements.  Notice the bright white dots.  That’s as far away as he 

could look in any particular direction.  The dot near the middle is the Sun.  This is his own 

drawing of what he thought the Milky Way looked like.  The Sun was near the middle.  And 

as he looked out in various directions, he could tell that it was long and kind of flattened.  

Well, you can kind of tell that just be going outside at night and looking at the Milky Way.  

It looks long and kind of flat.  But he actually measured how far he could see in all 

directions, and so he got an estimate of the size of this.  His estimate was about 10,000 

light years in radius. 

 So from the Sun to the edge was at least 10,000 light years.  Long distance.  But it 

was a guess because he didn’t know much about the stars he was looking at.  He made 

this guess probably by the 1820s.  Astronomers redid the same kind of calculation, the 

same kind of measurement, over and over.  It became kind of a standard thing for 

observatories to look at selected areas and try to estimate where the edge of the galaxy 

was.  And the latest measurement of that that I saw published was 1911.  So for a 
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hundred years people made the same kind of measurements, pretty much came up with 

the same results: that the galaxy was about 10,000 light years in radius and that it was 

kind of flattened and elongated, and we were near the middle.  Notice we’re not right at 

the center, but according to Herschel we were close. 

 He’s totally wrong but nobody knew it.  Things began to fall apart after 1911 and 

they began to fall apart pretty quickly.  In 1917 they kind of fell apart pretty fast and that 

was because an astronomer named Harlow Shapley started studying the Milky Way 

galaxy.  But Shapley was not studying the Herschel selected areas.  He was going at it 

about a totally different way.  What Shapley was interested in were the globular clusters.  

Remember those round, large clusters that don’t seem to be along the flat portion of the 

Milky Way.  They seem to be splattered around the Milky Way in a different distribution. 

 Well, that distribution was actually determined by Harlow Shapley.  When he 

started looking at these globular clusters, very little was known about them and, in fact, it 

was suggested to him that he study them because nothing was known about ‘em.  So he 

decided the main things he needed to figure out about the globular clusters were 1) how 

far away are there?  In other words, their distances.  2) How big are they?  Their sizes.  

And 3) how many stars are in ‘em?  And maybe 4) what kinds of stars?  But he mainly 

wanted to find out the basic things about these globular clusters: how far away are they, 

how big are they, how many stars are in ‘em? 

 And so he had to find some method of getting their distances.  The only method 

available was to use Cepheid variables.  Now, he started this study around 1913.  

Cepheid variables had been discovered around 1905, less than 10 years before.  An 
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astronomer named Henrietta Leavitt at Harvard had found Cepheids and had figured out 

that period brightness relationship, but nobody had made much use of it.  And Shapley 

realized that if he were to find a Cepheid in a globular cluster, he would then have the 

distance to the entire cluster.  ‘Cause they’re all out at the same distance, essentially.  So 

he needs to find one of those variable stars in the clusters and then he can calculate the 

distance through a whole cluster.  Yeah? 

[Student:  You said they knew about Cepheids so they could figure out the 

magnitude of the stars?] 

 Yeah.  You figure out the absolute magnitude from it. 

[Inaudible Student Response] 

 Well, that’s when they began to realize it.  See, back around 1800 when Herschel 

was doing his work, he didn’t have a clue.  But by 1900, they began to realize that stars 

really are big and small and bright and faint.  So that was right about when spectra were 

being studied.  That’s when everything started to make sense, right around 1900, and 

that’s about when they found Cepheids and realized that they could use Cepheids to 

determine distance.  But nobody had used it much. 

 But Shapley was at Harvard where Cepheids had been discovered and studied, 

and so it was natural for him to say, “Okay.  I’ll use Cepheids.”  So he started 

photographing globular clusters, finding some Cepheids in those clusters, determining 

the distance to those clusters, and then plotting them on a graph.  Distance from the Sun 

in various directions. 

 Now, this took him years.  I mean, he started this project around 1913.  By about 
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1917 he’d measured 50 to 100 of these clusters and he started noticing a peculiar thing.  

What he began to notice was that if we look at Herschel’s galaxy, which I just showed you 

a minute ago, that’s the little blue thing.  That’s the shape that Herschel had for the Milky 

Way.  Well, when Shapley plotted up where all the globular clusters were, he noticed that 

they were all off on one side.  They were not all around us. 

 Now, Herschel had said — and everybody believed him for 100 years — that we 

were near the center of the Milky Way galaxy.  We were in the middle of that blue thing.  

Well, at least close to it.  It’s gotten marked a little bit off.  But Shapley was finding all of the 

globular clusters more or less off in one direction and much farther away than Herschel’s 

edge of the galaxy.  And this didn’t make sense to him.  He looked at this and he thought, 

“There’s something really peculiar going on here.  What we have is the Sun over here but 

all of these globular clusters seem to be cluste red around a point that is actually outside 

the galaxy.”  Right?  And he pondered over this for probably six months. 

 And the story goes that he was lecturing to a class about this, explaining this oddity 

that he couldn’t work out, when it suddenly hit him.  Now, that’s a rare occurrence when 

an instructor actually gets an idea during a class.  It is rare, but it does happen.  And all of 

a sudden he got an idea.  Maybe Herschel’s model of the galaxy was completely wrong.  

Maybe what this pen is pointing toward is the center of the galaxy.  Huh!  Interesting idea 

and rather strange because most astronomers would say, “You’re nuts.  This is the edge 

of the galaxy over at the edge of the blue.  How can you say that the center of the galaxy 

is way out there beyond the edge?” 

 Well, one very good reason.  Think about the solar system.  We have less than 10 
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planets but they all go around the Sun, so at any random time the planets are more or less 

distributed around the Sun.  Same thing with asteroids.  We have thousands of asteroids.  

They’re all relatively distributed around the Sun evenly.  So if you were to put all the 

positions of the asteroids together, the center of those positions would be the Sun.  Well, 

if you’ve got 100 globular clusters all held to the galaxy by gravity — and in the 20th 

century it was strongly believed that everything was held together by gravity — if these 

globular clusters are being held by gravity to the galaxy and they’re moving around, then 

the center of the swarm should be the center of the galaxy.  And it’s obvious that the 

center of the swarm is not the Sun.  The Sun is way off on one side. 

 So either you have to assume some special geometry or very special conditions or 

we have the wrong idea where the center of the galaxy is.  So Shapley published these 

results and he suggested that the center of the galaxy was way out here, off the edge as 

far as Herschel was concerned.  At first his model of the galaxy was laughed at.  People 

said, “You’ve gotta be kidding, you know?  We can’t e ven see that far away.  There are no 

stars out there.  How could that be the center?” 

 In fact, if you look at where he said the center was —  that’s where he put the 

center -- in the constellation of Sagittarius, off in a particular direction, he estimated from 

the size of the globular cluster distribution that that center was 10 or 15,000 light years 

away from us.  Definitely off the edge, probably 15,000 out to the center.  And he even 

gave a direction.  He said it’s in the direction of the constellation of Sagittarius. 

 So astronomers knew where to look.  They just didn’t see much out there except 

dark clouds.  Ah, but that’s the solution to the problem.  Because astronomers did not 
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know there were dark clouds in the galaxy.  Now, you saw those pictures of the Milky Way 

the other day and it was obvious there were lots of dark clouds.  As late as 1925, there 

were a lot of astronomers arguing that there was no such thing as dark clouds in the 

galaxy.  Herschel never suggested there were any.  Most other astronomers just thought 

those black places just didn’t have any stars.  They were just empty places in the galaxy.  

Nobody realized that there was dust out there blocking our view. 

 Shapley showed that there was something wrong with our view of the Milky Way.  

He didn’t know exactly what.  He just knew that those globular clusters had to be going 

around the center.  And so he suggested something was very wrong with our model of the 

galaxy, but he didn’t exactly suggest a solution because he didn’t know either.  But by the 

mid-1920s, astronomers began to have good enough photographs and began to look at 

them the right way to realize that what they were seeing in the direction of the center was 

not the edge that Herschel thought was the edge.  It was just a dust cloud blocking our 

view of the real center. 

 And so by 1930 astronomers realized that Shapley was correct.  The galaxy was 

much bigger.  If you look at this picture, Shapley was saying that the galaxy actually went 

from way over here somewhere to way over there somewhere.  Much larger than 

Herschel’s galaxy.  In fact, he said it would be about 10 times larger.  So right away we 

went from a radius of 10,000 light years to a radius closer to 100,000 light years.  And he 

caked it up because he had the Cepheid measurements.  He knew how far away those 

stars were and some of ‘em were 100,000 light years or more. 

 And so he could say we are not in a galaxy that’s only 10,000 light years radius.  
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We’re in a much bigger object.  Unfortunately, we can’t see most of it because of all this 

dust and stuff that’s blocking our view.  So within about a 15-year period, the galaxy went 

from a little galaxy like that to a big galaxy that big across. 

 And this is a more modern view of what it all looks like.  It’s still flat.  It has a center 

that we call the nuclear bulge.  And I showed you a picture in the infrared the other day 

that shows it, and it turns out that nuclear bulge is right in Sagittarius where Shapley said 

the center of the galaxy would be.  So he was right about the geometry.  He knew where 

the center was. 

 And we’re way out on the side.  Look where the Sun is, more than halfway to the 

edge.  And so what Herschel thought was the whole galaxy was literally just the region 

right around the Sun.  And we now realize that most of this galaxy is not visible to us in the 

visible part of the spectrum.  We have so much dust around us that we’re just seeing the 

neighborhood.  We’re not seeing the whole place. 

 In fact, calculations have been made as to how much dust is blocking how much 

light.  Turns out that we are only seeing about 1 percent of the light from the Milky Way.  If 

we could remove all the dust so we could see the whole galaxy without the dust, it would 

be brighter than the full moon.  You’d be able to see the Milky Way in Springfield with no 

problem.  But we’re not.  Because most of the light is being blocked by those dust clouds. 

 Notice that the globular clusters are plotted on here, now centered on the center of 

the galaxy.  So that’s the correct version.  And that’s it for today. 

 


