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 Okay.  We’re gonna be continuing our discussion of the Milky Way Galaxy and the 

stars that are in it.  We’ve already talked about double stars, we’ve talked about clusters 

of stars, and today I want to show you some pictures of what all this looks like.  Because 

I can wave my arms about double stars and talk about clusters, but until you see them you 

don’t really know what we’re discussing. 

 So I’ve got some slides to show.  These are clouds in the Milky Way.  They’re 

called nebulae ‘cause that’s the Latin word for cloud.  So astronomers tend to use the 

word nebula or nebulas or nebulae and it just means cloud.  So what you’re looking at a 

very famous cloud.  This is the Orion nebula.  It’s in the constellation of Orion.  It’s actually 

visible to the naked eye as a little blob — can’t see much.  But through a telescope you 

see that there are lots of different kinds of clouds, dark clouds.  Notice over on the left it 

looks like sort of a dark area.  That’s actually cloud.  And then over toward the right you 

see a much brighter area, and then way over on the right you can even see some wisps of 

clouds that are just barely lit up. 

 So we have lots of clouds like this all around the Milky Way galaxy.  This happens 

to be one of the closest ones to us -- it’s only several hundred light years away — and so 

we can study it in a lot of detail.  Now, a couple of things I’ll point out to you.  Notice where 

the dark region kind of comes into the bright region, right in the middle.  There’s actually a 

cluster of stars just in the bright region near that dark region but you can’t see it on this 

picture.  Because the picture is really over-exposed.  In order to bring out the faint wisps 

around the edge, the center of the picture where most of the light is coming from — and 

that’s where those stars are — is actually a bit over-exposed.  But I’ll show you that cluster 
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of stars in a few minutes. 

 Here’s the same nebula but now only part of it.  We’ve closed in on the nebula, we 

now have a bigger telescope and we’re looking at it in more detail, and so you can see 

how complicated the clouds are.  They’re swirling around, they’re moving.  There are dark 

areas and light areas, and I think you can see the bright stars a little bit better in this one.  

I think this is actually turned about 90 degrees to the previous picture.  Because the dark 

area is now coming out the top instead of coming over from the left, but it’s the same 

section.  But now the outer section is not visible because we’ve used a shorter exposure.  

So you can see more of the detail in the actual nebula. 

 Do you see the line over on the left?  It’s kind of a sharp line where it goes from 

bright to much darker.  That’s actually where a shock wave is hitting the cloud.  So you’ve 

had something happen here where material has flown out and run into the cloud, and so 

you have almost a wall of material piling up.  I mentioned much earlier that stars tend to 

form when you get clouds being pushed.  Or if a star b lows up in a cloud, like a supernova, 

and the material comes out, if it hits another cloud it actually disturbs that cloud and 

causes it to collapse and then you can get star formation because of the collapse of the 

cloud. 

 So along that line there, there are stars forming and you can actually see some of 

them.  They look like little blobs just above the bright area.  Just little fuzzballs.  If we get a 

little closer to that line, I think you can see there’s a nice fuzzball right in the middle and it’s 

actually a star forming.  It’s still got a lot of cloud around it, but the nebula is there.  And 

there’s another one in the upper right that’s a little bit brighter and you can still see a little 
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bit of the cloud around that star.  So these are areas where stars are actually forming.  

And I think if you look down in the dark region, sort of below center, you can actually see 

a small brighter spot where there’s a star just beginning to turn on in the cloud.  You can 

hardly see it, but it’s there. 

 Here’s a closeup of some of those forming stars.  The big one in the middle, you 

can actually see that it’s got some kind of an asymmetric cloud around it and that cloud is 

actually being blown away from that star by another star that’s off the picture to the left.  

So sometimes one stars can affect the life of another star when they’re all together in the 

same cloud.  This star would have that cloud all around it, maybe forming a planetary 

system if it were left alone.  But with a nearby bright star — the nearby bright star is 

actually blowing its material away from it.  And so stars do affect each other when they’re 

forming. 

 But you see farther away over toward the right a couple of other stars that are not 

as close to that bright star off on the left, and so their clouds around their forming stars are 

more symmetrical.  So in this Orion nebula, in this giant cloud, we have lots of stars 

forming.  We have essentially a cluster of stars forming in this cloud.  And here is the 

center of the cloud that I said was overexposed previously, and that very bright star in the 

middle that actually looks overexposed — it’s got the big spike coming out of it — that’s 

the star that was blowing the material away from the other star I just showed you.  That’s 

a very hot O star and it’s so hot — it’s got lots of light coming out — and it’s blowing the 

gas and dust away from itself and away from any other star in the neighborhood. 

 And so what you have here is a whole cluster of stars forming right in the middle of 
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that cloud.  These have already turned into stars.  They’re big, bright, hot, massive stars.  

But all around it in the rest of the cloud there are other stars still in the process of 

formation.  Notice the one over on the right, just near the edge of the picture, sort of below 

center.  That’s another star with a cloud around it that’s being blown away by this bright 

star in the middle.  So you have a whole bunch of stars all forming together, affecting each 

other as they form. 

 Here’s another nebula.  This is the Carina nebula.  It’s in the southern hemisphere 

so you can’t see it at night.   Notice it has a real reddish look to it.  That’s because it’s 

being lit up by a hot star that’s actually in the middle, but you can’t see it because it’s 

behind a cloud.  You can see that it’s kind of brighter there in the middle.  And that hot star 

is giving off lots of ultraviolet light.  The ultraviolet light spreads out through the cloud and 

is absorbed by all the hydrogen gas that’s in the rest of the cloud.  The hydrogen then 

absorbs ultraviolet light and gives off photons as the electrons jump back down through 

the atom.  Well, the last jump going into the second orbit produces a red line in the 

spectrum of hydrogen.  It’s called the H Alpha Line and we talked about it earlier.  And it’s 

red.  And it’s the brightest spectral line in the spectrum of hydrogen when hydrogen is 

emitting light.  And so the entire cloud takes on kind of a pink -red glow from that hydrogen 

that’s emitting light. 

And so you have this characteristic color that shows up in many different clouds, this 

same pinkish-red, and it’s all caused by hydrogen gas absorbing ultraviolet light from 

bright stars and then re-emitting that light as hydrogen spectrum. 

 Here’s another one.  This one is known as the North American nebula.  Is that 
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better?  Can you see the North American nebula over on the left?  You can see the Gulf of 

Mexico — that’s a dark region — and then you can see sort of Florida over in the lower left 

and Mexico coming down.  You can see the East Coast.  The real bright dot in the middle 

is Springfield.  Over on the West Coast, California seems to have kind of fallen off into the 

Pacific.  You know, what can you expect?  But anyway, that’s the North American nebula.  

It just sort of resembles North America and that’s why we call it that.  But again, you see 

this reddish glow caused by hydrogen gas absorbing ultraviolet light from the bright stars 

that are in there and giving it off as hydrogen spectrum. 

 Here’s one that’s in black and white so you really can’t see its color.  The major 

reason I wanted to show you this one was to show you a cluster of stars forming in a cloud 

and once the stars have formed, they blow the cloud away.  Just like what’s happening in 

the Orion nebula at the center, the stars begin to blow the gas and dust away from 

themselves after they form.  And this one — it’s particular obviously that the bright stars in 

the center are blowing the cloud away from themselves, and so it actually takes on a 

rather nice look to it.  This is called the Rosette nebula because it’s sort of in the shape of 

a rose. 

But the cluster of stars in the center has just formed in the cloud and is now blowing the 

cloud apart. 

 This is a cloud in an area of the sky known as Messier 16.  This is another region 

where stars are forming.  This is a fairly famous picture from the Hubble telescope.  

Because you can actually see these dark pillars of dust and gas, where the actual stars 

are forming.  And as they form and turn into stars, they blow the dust and gas away from 
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themselves.  And you can see that at the top of each of these pillars is where they’re now 

blowing the gas and dust away from themselves so that they are becoming visible.  So 

you’ve got stars inside these pillars.  And as they turn on and get hot, they blow the gas 

and dust away and you can actually see that the tops of the pillars where the stars are 

becoming visible as they blow the gas and dust away from themselves. 

 I’ve got a closer-up of this showing just one of those pillars, and you can actually 

see the stars coming out of the cloud as the gas and dust is blown away.  So the Hubble 

telescope is able to get right in close to these clouds so you can actually see individual 

stars forming at the edge of the clouds.  And this is as close as it gets and you can see 

these little knots of material.  Those are the last little bits of cloud around each of these 

forming stars and the material is just sort of evaporating from the stars as they get hot. 

 This is called the Trefed nebula.  Again, it’s a hot cloud that’s being heated up by 

stars down the middle and that causes the hydrogen gas to absorb ultraviolet light from 

these hot stars that causes the red glow.  But there’s an additional glow over on the left 

which looks blue by comparison to the rest of the cloud.  This is a region that’s not actually 

ionized.  It’s not hot enough over there so that the hydrogen can actually absorb the 

ultraviolet light and have the hydrogen electrons jump back down through the atoms.  

That’s a cooler region of cloud over on the left and so all it’s doing is reflecting starlight.  

The cloud on the left is reflecting the light of that bright star on the left.  But the bright star 

is not hot enough to actually make the cloud glow.  It just reflects light off the cloud. 

 When light is reflected off a cloud, it tends to look blue.  When light is being emitted 

by the cloud itself, it tends to look pink.  So you can actually tell an emitting cloud from just 
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a reflecting cloud by its color.  So in this particular picture you’ve got both.  You’ve got a 

reflecting cloud on the left and a much brighter, hotter emission cloud in the middle.  And 

notice in all these pictures there are a lot of stars.  Because these are regions of dust and 

gas in the galaxy where lots of stars are forming.  And so a lot of the stars on the edge of 

this picture, for example, probably formed millions of years ago in a cloud that has now 

shrunk down to just the middle section.  So all of these stars formed probably in the recent 

past in various clouds. 

 Here is almost a pure refection nebula.  No red at all, just a cool cloud of gas and 

dust with one bright star nearby, and so the light from that bright star shines on the cloud 

and the cloud just reflects the light.  And so it looks kind of blue.  So it’s very easy to tell a 

cool cloud that’s just reflecting light from a hot cloud that’s emitting it — as long as you use 

colored pictures. 

 Here’s another cluster of stars.  This is a famous cluster.  It’s actually visible to the 

eye.  This is the Pleiades.  Now, when you look at these stars in the night sky, it looks like 

a tiny little group of about six or seven stars.  Sometimes it’s referred to as the Seven 

Sisters because there are seven stars that are pretty visible to the eye, although around 

Springfield you’d be lucky to see five of them.  But on a photograph you see that there’s 

still a little bit of gas and dust around them.  They formed fairly recently.  They’re not an 

old cluster.  They’re old enough that most of the cloud that was around ‘em is gone, but 

there’s still a little bit of cloud left.  And so on a long-exposure photograph, you can kind of 

pick that up.  You will not see that if you just look with the naked eye. 

 Here’s a cluster where the cloud i s completely gone and, in fact, this is two clusters.  
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If you look you see a bunch of stars near the bottom and a bunch of stars near the top, 

and it’s pretty obvious that it’s sort of a group of stars.  This is a typical cluster that we call 

an open cluster.  Any group of stars that is just sort of a bunch of stars — 50, 100, 200 

stars — we call an open cluster.  Now, why “open”?  Well, it’s just a term astronomers 

decided to use.  They could’ve used a lot of others.  What they mean is it’s not very dense.  

If I used the opposite term “closed,” you would think of something pretty tight.  Well, this is 

kind of a loose group of stars so we just call it an open cluster.  And so you have two 

groups of stars that are pretty loose, that formed at some time in the  past — maybe a 

couple of hundred million years ago — and so the cloud is gone but all the stars are still 

together, going through space. 

 Here’s another cluster — this one’s in black and white, but it’s a cluster in the 

constellation of Cancer.  It’s sometimes referred to as the Beehive.  But again, it’s a bunch 

of stars.  Can’t really pick out a particular shape.  I mean, you know, you might say, “Well, 

it’s kind of square or something,” but not a very obvious shape.  But it’s obvious that these 

stars are together in a group and so we can easily know that they formed together at 

some time in the past. 

 And here’s an old cluster.  This one is millions of years old — billions of years.  

About four or five billion years old.  And it’s almost fading into the background.  It’s a little 

bit harder to tell that it’s a unique group of stars.  You can still see kind of a bunch in the 

middle, but it’s not as obvious.  As clusters get older and older, stars kind of leave the 

group, you know.  They get lost.  They sort of straggle away.  And so after a long time, it 

gets harder to tell that they’re actually a cluster anymore ‘cause they kind of separate out.  
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But this is an old one, known as M-67, and it’s several billion years old. 

 Here’s a globular cluster.  I mentioned that there was a different kind of cluster, a 

much larger cluster.  Can you tell immediately that there are a larger number of stars in 

this group?  All of a sudden we’ve gone from maybe a hundred to maybe a million.  Notice 

that these are very concentrated toward the center so you can’t call it an open cluster.  

This is the opposite kind, the closed one, but we don’t use the word “closed.”  We call 

them globular because they’re the shape of a globe.  They’re round.  And so I could say 

globular, but most astronomers just say globular.  So it’s a very round cluster, up to a 

million stars, quite symmetrical, and these are very old.  There’s no gas and dust 

anywhere near them and I’ll show you in a minute how we determine how old they are. 

 Here’s another g lobular cluster in a different part of the sky.  Notice how similar it 

looks.  I could show you pictures of ten or fifteen of ‘em and you’d start to fall asleep, 

because they all look the same.  You’ve seen one globular cluster, you’ve seen ‘em all.  

Now, here are two of them.  In order to see them, we have to look right through the dense 

part of the Milky Way.  And so you can tell right away that you’ve got two dense clusters 

very far away.  These are much farther away than the previous two. 

 And I think you can see that there are a lot of stars in the Milky Way galaxy.  When 

you start looking through the galaxy itself, there are an enormous number of stars.  So 

that’s a cluster of stars with, you know, hundreds of thousands of stars in it, but it’s in a 

region of the galaxy where there are millions and millions of stars in it. 

 Okay.  What’re we talking about with this galaxy?  We’re talking about the Milky 

Way.  Here’s a picture of the Milky Way that you might see from your back yard if you lived 
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outside of town.  Go outside at night when there’s no moon, you look up above the trees, 

and there’s the Milky Way laid out in front of you.  What you’re seeing are all the gas and 

dust clouds that I’ve shown you previously, all the star clusters, all the bright regions and 

dark regions, all together across the sky.  

 Now, to the naked eye — well, you can pick out a few details there.  You can tell 

there are a couple of bright regions.  You can tell there are some dark regions where there 

might be some dark clouds.  But with the naked eye, it’s kind of hard to tell because you 

can’t see enough detail.  So you take a telescope and you photograph it and you start to 

see more detail.  You see these bright clouds and dark clouds, and I think you can actually 

pick out a globular cluster over here on the left.  You can pick out open clusters up in the 

middle right and in the center, and over to the left you can pick out one of those pink 

nebulae that I showed you where there are hot stars. 

 Sometimes those are referred to — and by the author of you text they are referred 

to — as H2 regions.  Remember I said that they looked pink or red because hydrogen gas 

is emitting the light.  Well, the H in H2 means hydrogen and 2 means the hydrogen is 

excited.  It’s hot.  And so H2 is excited hydrogen gas, and so we call those H2 regions or 

we can call them emission nebulae.  It’s the same thing.  So if you read in the book H2 

region and are wondering what that is, it’s the same thing as an emission cloud. 

 And so you see this whole galaxy laid out in front of you.  I think if you stare at this 

picture for a minute you can convince yourself that there are dark clouds as well as bright 

ones.  Look above center, toward the top of the picture, and there’s a region where there 

are very few stars in a very black place.  That is not empty sky.  That is a dark cloud of gas 
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and dust.  It just doesn’t happen to be lit up by any stars.  And so it’s black.  And you can 

see, if you start looking around the Milky Way, that there are lots of very black regions that 

are full of gas and dust.  So although some parts of the galaxy are forming stars right now 

and so the stars light up the clouds they’re in, there are a lot of clouds that don’t have any 

star formation going on yet.  And so they’re still dark and they’re just sitting there, waiting.  

So there are plenty of places around the galaxy where stars can form in the future. 

 Here’s a picture — it’s a composite.  What I just showed you previously was one 

section of the Milky Way.  If I took photographs all the way around the Milky Way and then 

put them together, as you can see what was done here, you can then begin to see the 

entire Milky Way.  So you have the same dark clouds and the same bright regions, but 

now you’re looking at the whole thing.  And I think it’s even more obvious how many dark 

clouds there are around the Milky Way.  They’re all over the place.  And you can see how 

many bright clouds there are around the Milky Way.  They’re all over the place, too. 

 But also what you should notice is that the Milky Way is not spherical.  It’s flat.  It’s 

a flat disk rather than a round galaxy.  And so we are seeing it edge on in a flat disk.  And 

so in order to look through it, we have to look through all those clouds of gas and dust and 

all those nebulas that are lit up by their stars. 

 Here’s the same size photograph of the same object, the Milky Way, taken in the 

infrared.  We have telescopes that can photograph the sky in the infrared.  Notice that you 

don’t see many stars because this kind of a telescope is not good at picking up stars, but 

it is good at picking up the warm gas in the galaxy, the gas that’s being heated up by the 

stars.  And so what you see is that the gas is very concentrated toward a very flat region of 
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the galaxy.  So this is a very flat galaxy and it goes all the way across the sky.  If you take 

a picture all the way around the sky, this is what you see. 

 If you look in the far infrared — in other words, you look at even longer 

wavelengths almost toward radial — this is the same size picture.  Notice the outer edge.  

Same thing.  Now you realize that there’s a center to the galaxy.  Using a far infrared 

telescope, which only picks up the densest regions, all of a sudden you see the center.  It 

kind of jumps out at you.  Whereas in the other pictures, the exact center of the galaxy 

was not obvious because it was hidden by all the gas and dust.  You can’t see it in a 

visible photograph.  Kind of like gas and dust all over the place, kind of hides where the 

center is.  But on a far infrared photograph which picks up only the densest regions of the 

galaxy, there’s the center.  And so we now know exactly where the center of the galaxy is 

by using far infrared images taken from spacecraft. 

 Okay.  Let’s go back to that old friend, the HR diagram that you really love so much.  

Here is a young open cluster plotted on an HR diagram.  Those open clusters I showed 

you a couple of minutes ago, a bunch of stars.  You take each of those stars, you measure 

its spectrum or its color, you measure its b rightness, you get its visual magnitude.  And so 

you plot it on a graph and what you find is that pretty much, if it’s a young cluster, most of 

the stars more or less follow the main sequence. 

 But notice that down near the bottom in the main sequence all those stars are 

actually above the main sequence.  They have not yet turned into normal stars.  They’re 

still proto stars.  They’re still shrinking down, turning into stars.  Because low mass stars, 

the kind found down at the bottom of the main sequence, take a lot longer to shrink down 
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to turn into stars than the very massive ones that are up at the top.   So we can almost tell 

the age of the cluster just by plotting it on the HR diagram.  Because we know how long it 

takes a cloud to collapse down to become a main sequence star.  And we can see on this 

graph that all the stars that are later than maybe spectral type A have not yet become 

main sequence stars.  They’re turning into it, but they still haven’t shrunk down and 

become stars. 

 So we know that only B stars and A stars were able to shrink down and become 

stars.  We can calculate how long it takes those stars to collapse down.  And so we can 

say, “Oh, this cluster is maybe only 10 million years old.”  Because the stars that take 20, 

30, 40 million years to shrink down haven’t yet done it and so they’re not on that yellow 

line of the main sequence yet. 

 So you can tell the age of a cluster of stars because you know that they all formed 

at the same time.  And by plotting them on the HR diagram, you can see how many have 

already turned into stars and how many are still forming, especially if they’re very young.  

Or here’s a cluster, the Pleiades that I just showed you a little while ago.  You plot them on 

an HR diagram and you find out that almost all of them are on the main sequence.  Now, 

the yellow line was not drawn in here.  I’m sorry that it wasn’t, but people who made these 

slides weren’t very consistent.  But all those stars that you see there are on the main 

sequence.  So this is obviously an older cluster.  Because all the stars have now shrunk 

down, even the ones that take 50 million years.  They are now main sequence stars. 

 And so we know that this cluster is more than 50 million years old.  But actually we 

know more than that.  Because notice right up at the top the stars look like they’re going 
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straight up.  But we know that the main sequence is a curved line.  And so right at the top 

of that graph, a couple of those stars are already leaving the main sequence.  They’re 

already beginning to swell up and turn into giants but they haven’t gone very far from the 

main sequence.  So even though the main sequence should go up at more of an angle, 

the stars have just shifted off it a little bit.  So we know that those stars are reaching the 

end of their lives. 

 You pick an older cluster, that double cluster I showed you, and you see that most 

of the stars are main sequence, but we have a few blue super giants and we have some 

red super giants.  In fact, we even have some stars that are still contracting to become 

main sequence stars.  We’ve got all kinds of stars on this graph.  And what we can see is 

two things.  One, the cluster is old enough that some stars have actually become super 

giants already.  They’ve actually finished burning all their hydrogen and are turning into 

red super giants.  We can also see that some stars have not yet shrunk down to the main 

sequence, so they are still fairly young. 

 So in this particular double cluster, stars took a long time to form.  Some formed 

early, turned into main sequence stars, and now have turned into super giants.  Other 

stars formed later, maybe at the end of the formation of stars in the cloud, they are still 

shrinking down to become normal stars.  So you can see all kinds of stars in different 

stages of their lives on one graph and that’s because we know all of ‘em came from the 

same cloud. 

 Now, here is an old open cluster, that M67 I showed you that wasn’t quite as 

obvious.  I said it was several billion years old.  Notice the main sequence is shorter.  
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There are many fewer stars up near the top and there’s a lot of red giants.  So a lot of stars 

have had — and unfortunately they plotted the red giants as blue.  I don’t know why they 

did that.  But there are a lot of red giants that have finished up their hydrogen burning.  

They have now turned into giants.  And so this is an older cluster yet.  Because there are 

fewer stars on the main sequence.  They’ve used themselves up and there are more stars 

that have become giants. 

 If we start plotting all the stars on the same HR diagram as we’ve done here, we 

take one main sequence, which I’ll say is the white one, and we plot each cluster on the 

same graph.  We see that NGC2362 is a very young cluster and so its stars go all the way 

up to the top of the main sequence.  HNChiPersei has stars that are just leaving the main 

sequence up at the top so they’re older and it has a few super giants over on the right, so 

those stars have already left the main sequence and turned into super giants. 

 Then we look farther down at the Pleiades and see that its stars are beginning to 

leave the main sequence a little farther down.  And then you can just go right down the 

graph and notice M67, the old cluster that I just showed you, and you see that is sort of the 

orange curve.  Its main sequence stops fairly far down and there are a lot of giant stars 

over on the right, and so you can almost age these clusters.  And, in fact, over on the right 

are ages in years from 10 to the 4 th years all the way up to 2.9 x 10 to the 10th years, which 

is 29 billion years.  Notice there are no clusters where the main sequence ends that far 

down.  So there are no clusters that old. 

 Notice the sun where that’s marked, there are no clusters as old as the sun on this 

graph.  So these are all younger clusters, younger than the sun.  They may still be old as 
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far as billions of years, but they’re younger than the sun.  And just by looking at the graph 

on the right, the axis on the right, that tells you at what point stars on the main sequence 

when they get to a certain age turn into giants or super giants.  And so you look at the 

clusters over on the main sequence.  You see where they turn off, where the stars are 

leaving the main sequence.  You then look over on the right and that tells you the age of 

that cluster. 

 So all we’re doing is calculations of how long stars last as main sequence stars.  

You have a star of a certain mass.  It burns its fuel at a certain rate.  And at some point it 

uses up all the hydrogen and so it has to turn into some other kind of star.  It swells up and 

becomes a super giant or it swells up and becomes a giant.  And so we do the 

calculations, find out at what age those stars turn into giants.  We then look at a cluster, 

see which stars are now turning into giants, and we know the age of that cluster.  So we 

can actually tell the ages of all these stars if they’re in a cluster because we know they all 

started at the same time and so they aged together, and we can tell at what point they are 

right now. 

 If you look at the HR diagram for a globular cluster — this happens to be the 

globular cluster in N3.  It was actually one of the globular clusters I showed you.  I didn’t 

actually identify it as such.  But notice it has a very short main sequence and more than 

half or most of its stars are actually red giants.  And so it is actually very old.  If you were 

to put this on the previous graph, you would discover that it was over 10 billion years old.  

The stars that are turning off to become giants at the present time are older than the sun.  

They are lower mass stars than the sun and they are just beginning to turn off, and so this 
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is a very old cluster.  So we can tell the age by plotting the stars on an HR diagram and 

looking at where the main sequence ends, and then calculating how long stars at that 

point on the main sequence can stay main sequence stars before they turn into giants. 

 Now, I’m gonna change the subject a little bit.  I’m gonna talk about individual stars.  

I’m gonna talk about a group of stars that are called Cepheus.  Now, what we have here is 

a picture, a double exposure of the sky.  Notice all the stars are pairs.  Okay.  What we’ve 

done was to photograph the sky, then wait a while, let the sky move a little bit, and then 

photograph it again.  Now, what you should see on this photograph is that all the stars 

look identical because you’ve got two photographs of the same stars.  But you’ll notice 

that right in the middle there’s one star that is brighter on the second picture than it is on 

the first.  So by photographing double exposures with a certain amount of time in-between 

them, you can actually pick out variable stars, stars that are changing their brightness.  

And that star right in the middle of the photograph that is brighter on the right and fainter 

on the left is one of these cepheid variable stars.  It’s named a cepheid variable star 

because the first one like it was found in the constellation of Cepheus.  So it’s just named 

after the constellation it was in. 

 But it’s a particular kind of variable star.  When you plot it on a graph — and this is 

just one particular one — what you see is if you plot the magnitude over a number of days, 

the magnitude changes.  So you see over on the left at times zero it was pretty bright — 

well, relatively.  It was 18th magnitude, but that’s bright compared to when it got faint.  And 

then about 20-some days later, it was 19th magnitude.  So it dropped a whole magnitude 

in brightness between 18th and 19th over about 20 days.  Then it gets bright again and 
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then it stars going down again.  So this curve repeats itself about every 20 days. 

 And so this star is getting fainter and then it gets bright, and it’s getting fainter and 

it’s getting bright.  Now, what’s going on here?  We already talked about stars that vary in 

brightness when talked about eclipsing binaries.  We talked about one star going in front 

of another and causing the light to change.  But these do not look like eclipses here.  

Remember the eclipse was a nice, symmetrical dip in brightness that didn’t last too long.  

Here the star seems to be dropping in brightness for most of the time and then all of a 

sudden it gets bright, and then it drops in brightness for most of the time.  So it’s a different 

kind of variable star.  These are not double stars.  These are single stars that are actually 

swelling up and shrinking down.  And so they change brightness because they’re 

changing everything else. 

 Now, here’s another one.  Just to show you that they come in a variety of 

brightnesses and periods, this one takes only about four or five days to get fainter and 

then get brighter and then get fainter.  The previous one was about 20 days, this one is 

closer to five days.  They all take more than one day, but they do vary.  You can have ‘em 

vary anywhere from two or three days up to two or three months.  So these stars are 

changing their brightness almost all the time because they’re changing their sizes and 

everything else. 

 Now, this is a tough graph to look at, but if we stare at it for a minute I think you can 

make sense out of it.  Up at the top is a picture of the star itself and it has the spectral type 

just above that.  And so you start off with an F5 star — that’s a certain temperature and it’s 

a certain size.  The star actually swells up and becomes bigger, but it also gets cooler and 
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so it becomes a G1 star.  Then as time goes on it continues to cool off but now it begins to 

shrink.  And so as it cools off, it turns into G6 but it’s now smaller, and then it continues to 

shrink but now because it’s shrinking it starts to heat up and so it becomes G1.  And then 

as it begins to swell up again, it continues to get hotter and becomes F5. 

 So it’s a complicated change in size and temperature of the surface of this star.  

But what it causes is a change in magnitude, which is the second graph, and you notice 

it’s bright and then it gets faint, then it gets bright again and then it gets faint.  So it’s the 

change in temperature and size that is causing a change in the brightness.  In the bottom 

graph what we’re showing is how fast it’s swelling up and shrinking down to do all of this.  

And so it’s doing all of this in a certain period.  On this particular graph they showed a 

period of about 10 days, but, as I said, anywhere from three days to three months these 

stars swell up, shrink down, swell up, shrink down. 

 I’ll continue this discussion of these stars next class. 

 

 

  

 


