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 Okay.  We’re gonna continue our discussion of the Milky Way.  But before I actually 

start talking about the Milky Way, I want to mention a couple of astronomers that you 

should know about.  These are Missouri astronomers.  I’ve already mentioned Harlow 

Shapley.  I talked about him studying globular clusters, determining the actual shape and 

size of our galaxy, and he came from a little town near Joplin.  In fact, he went to the 

University of Missouri.  Unfortunately, he didn’t go here so we couldn’t be proud of him for 

that, but at least he was in the State. 

 And then I see below that name Edwin Hubble.  And I’m sure you’ve heard of him, 

the Hubble telescope was named after him, and tomorrow we’ll be talking a lot about 

Edwin Hubble because he discovered that there were other galaxies.  And Edwin Hubble 

is from Marshfield which is even closer to Springfield than Joplin is.  So the two most 

important astronomers — well, depends on how you look at it, but we might consider them 

the two most important astronomers of the 20th century — both came from Missouri.  And 

the reason they’re considered so important is Harlow Shapley figured out the size and 

shape of our own galaxy, and Edwin Hubble figured out the shape of everything else.  He 

found all the other galaxies and showed that the Milky Way was just one of billions of 

galaxies.  So between the two of ‘em, they pretty well took over 20th century astronomy.  I 

just thought I’d mention that as an aside. 

 And, in fact, when you drive up I-44 you might even notice a sign when you get to 

Marshfield that talks about Edwin Hubble having been born there, and they have a model 

of the Hubble telescope in Marshfield, in the town square.  So if you ever get a chance, 

you might want to drop in.  I think it’s a half scale replica of the Hubble telescope.  It’s not 
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actually a telescope; it’s just a model of it. 

 Okay.  Back to the Milky Way itself.  Harlow Shapley figured out that the Milky Way 

was big.  He showed that Herschel had only been looking at a small portion of that galaxy.  

And then question arose, Why weren’t we seeing the whole thing?  And, as I mentioned, it 

took years to figure out that it was dust clouds in the Milky Way that were blocking our 

view.  

 Now, how do dust clouds block our view?  Well, there are a couple of different 

ways.  If you have light passing through the galaxy, going from left to right, if it hits a dust 

cloud — that’s the little fuzz patch in the middle — what will happen is that most of the 

blue light will immediately be scattered.  Blue photons can’t go through dust and gas very 

well.  So the gas -- the hydrogen gas, the helium gas, the thin stuff — tends to scatter the 

light, tends to make it go off in all directions.  The dust absorbs a lot of what’s left.  So not 

much of the light actually gets through the cloud. 

 So you’ve got two separate processes going on.  You’ve got small particles like 

gas molecules scattering the light around and you’ve got the bigger dust particles actually 

absorbing the light so that it disappears.  And so the basic result is that if you’re over on 

the right, trying to look at something on the left, and you have to look through that cloud, 

you don’t see much of the light getting through.  And what you do see is redder than usual 

because more of the blue light gets scattered around than the red light.  It’s just the 

property of matter, that smaller wavelengths tend to be scattered around more by 

molecules than larger wavelengths. 

 And so what you see — if you’re looking, let’s say, at a star through a dust cloud — 
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is a fainter star because a lot of the light just doesn’t get to you and a redder star because 

a lot of the blue light, even more of the blue light, didn’t get through to you.  So there are 

two effects that we can notice.  Objects are dimmed and they are reddened.  They look 

redder than they should be and they look fainter. 

 Now, if that goes to a complete cessation of the light, then all you see is black.  You 

look at a particular cloud.  You don’t see anything.  You see a black smudge on your 

photograph.  Because the light from behind it didn’t get through at all.  However, if any of 

the light gets through, it will be the red and the infrared.  So if you’re trying to find out 

what’s behind a particular cloud, it would be a good idea to photograph it in the red or the 

infrared.  Because if any light is gonna get through, it will be the red and the infrared. 

 And so a lot of times we can tell what’s back there behind a cloud by looking at it in 

the infrared.  We also look at it with a radio telescope because radio waves are not as 

easily affected by dust and gas.  And so radio waves that might be emitted by some object 

behind the cloud come right through the cloud.  And so when we’re studying the Milky 

Way galaxy and trying to see what’s behind all these dust clouds, we have to use infrared; 

we have to use radio waves to detect what’s back there.  Try to use visible light?  It’s 

hopeless.  You can’t see through it. 

 This is actually similar to what we have in our own atmosphere.  You ever ask the 

question why is the sky blue?  Well, here’s your answer.  When the Sun is shining down 

through the atmosphere, the atmosphere is just like a gas cloud.  It scatters more of the 

blue light that’s coming from the Sun.  The photons that are blue go off in all directions.  

The redder ones come straight on through.  And so if you were to look at the Sun from 
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above the Earth’s atmosphere, it would look almost white.  But at the bottom of the 

atmosphere when we look at it, it looks more yellow.  And the reason is that some of the 

blue has been removed from the sunlight and that blue has been scattered around by the 

molecules in the atmosphere. 

 And so when you look at the atmosphere itself, all you see is the blue light that was 

scattered around.  And so the reason the sky is blue is because molecules, whether out in 

space or in our atmosphere, tend to scatter the blue light around more than the red light.  

And so the scattered light is what you’re seeing in the sky but it’s just sunlight that’s been 

spread out from the actual beam of sunlight coming in.  And the more stuff you have in the 

atmosphere, the redder the Sun gets.  If you go to a polluted city that has a lot of stuff in 

the air, you will notice that the Sun might even look orange even though it’s high in the sky.  

And many times we see a red sunset because when the Sun is near the horizon, as is 

shown on the second drawing here, the light has to go through a longer path of 

atmosphere before it gets to you and that longer path gives the molecules more chance to 

get rid of all the blue light.  And so by the time it gets to your eyes, you’re only seeing the 

red light. 

 And so the reason you have a red sunset is the same reason the sky is blue.  The 

light from the Sun is having all the blue light pulled out of it and spread around, and you’re 

just picking out what’s left which is more red.  But this reddening you see every time 

there’s a sunset, it’s exactly the same thing we see in space when starlight shines through 

a cloud.  And on the other side of the cloud, there we are, looking at that star.  We see the 

star looking too red.  It’s not its normal colors.  And it looks fainter.  I think you know that 
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when the Sun is setting, you can sometimes look right at it because it’s not as bright as it 

is when it’s high in the sky.  You can look at it and it doesn’t even hurt your eyes 

sometimes because it’s very red and it’s kind of faint.  That’s because the dust and gas in 

the Earth’s atmosphere has scattered and absorbed a lot of the light.  And so the little bit 

that’s left is not anywhere near as much as was visible when the Sun was high in the sky.  

Any question on that? 

 So if we study the Milky Way galaxy we can pick out the clouds.  We can say, 

“Okay.  What’s behind this cloud?”  We can use infrared radiation that comes through the 

cloud to see what’s back there.  We see lots of extra stars.  We can use radio telescopes 

to look through the clouds.  I mean, we’re not really looking through the clouds.  It’s just 

that the radio waves are coming through the clouds to us, but then we can tell what’s 

giving off the radio waves. 

 And one important thing that we’ve discovered is that a particular kind of radio 

wave has allowed us to map almost the entire galaxy and that particular radio wave is 

from hydrogen gas.  Now, you remember that the Milky Way is 70 percent hydrogen.  

That’s mostly what it’s made of.  Well, back in the 1940s a theoretician was doing some 

calculations having to do with the hydrogen atom and he discovered an interesting thing.  

Hydrogen atoms are very simple.  You’ve got a proton and you’ve got an electron going 

around in an orbit.  You already know that.  What we haven’t really mentioned is that 

these particles actually have a spin so that as the electron is going around the proton, the 

electron and the proton are both spinning.  It’s kind of like the Sun is rotating and the Earth 

is rotating, and the Earth is going around the Sun.  It’s not exactly like that, but it’s a good 
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analogy. 

 And so you’ve got the proton spinning and the electron orbiting and the electron 

spinning.  Well, it turns out that with a hydrogen atom, the direction of the spin of the 

electron can be either in the same direction as the proton — ‘cause they’re all spinning the 

same way — or it could be spinning the reverse direction of the proton.  So the electron 

has a choice whether it’s spinning the same way as the proton or the opposite way.  

Fifty/fifty chance, right?  Some are gonna do one, some are gonna do the other. 

 It turns out that the amount of energy the electron has is different depending upon 

whether it’s spinning the same way the proton is or the reverse way.  It was just a 

theoretical calculation as to what the energy of these electrons would be and it was found 

that the electron is gonna have a slightly different amount of energy spinning one way 

compared to the other.  But the interesting thing was this theoretician predicted that an 

electron could change its spin.  In other words, maybe the  proton is spinning clockwise 

and the electron is going clockwise, and then for no good reason the electron decides to 

spin counterclockwise.  It just flips over.  Just flips over and changes its spin and starts 

going the other way.  That’s possible. 

 But what would happen if that actually did occur?  The electron needs a different 

amount of energy if it’s spinning one way compared to the other.  So if it’s got extra energy 

and it’s spinning in the same direction as the proton, and it gets bored doing that for some 

reason and flips over and starts spinning the other way, it has to give off the extra energy.  

It’s just a little bit, but it has to give it off ‘cause it doesn’t need it anymore.  And so it gives 

off a photon, a radio photon. 
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 Well, this was all calculated theoretically in the 1940s.  I think astronomers at first 

went, “Oh, okay.”  But radio astronomers began wondering whether they could actually 

measure that.  You know, all these hydrogen clouds are out in the galaxy.  Maybe you 

could actually point a radio telescope at a hydrogen cloud and pick up some of those 

photons that might be coming from an electron that flipped over and got rid of a little bit of 

energy. 

 Now, that little bit of energy is 21 centimeter radio waves.  What do I mean by that?  

The wavelength of the radio wave is literally about 21 centimeters long.  That long.  Nice 

number you can think about.  It’s a very low energy photon and it comes from a proton and 

an electron being aligned to start with, and then the electron, for whatever random reason 

it has, flips over so that it’s now spinning the other way.  And by flipping over, it has to give 

off a photon. 

 So calculated theoretically, radio astronomers got curious.  Would they actually be 

able to pick this up?  And they began looking with their radio telescope at clouds in the 

galaxy and they discovered these radio waves were coming from all these clouds and 

they were easy to detect.  So the theory was correct.  Electrons were flipping over 

randomly in these atoms, giving off radio waves, and we could detect ‘em with a radio 

telescope.  And you might say, “Okay.  That’s nice.  So what?”  Well the “so what” is that 

you can look through a dust cloud.  You can point your radio telescope at a dust cloud and 

those radio waves coming from the hydrogen way behind that dust cloud will come right to 

you through the dust cloud, and so you now know there’s a hydrogen cloud back there 

where you couldn’t see it before. 



ASTRO 114 Lecture 47 8 
 
 And so it was a way of detecting where all the hydrogen clouds are in the galaxy.  

You didn’t even have to see them.  You just had to point your radio telescope around the 

sky and pick up all the 21 centimeter radiation that was coming to us.  Now, what does it 

sound like?  It’s static.  It’s radio static.  And so you point your radio telescope over here 

and you don’t hear any radio static, you know there’s no hydrogen over there.  You point 

it somewhere else, you pick up a lot of radio static at that particular wavelength, and you 

say, “Aha.  There’s a big cloud of hydrogen back there and it’s giving off all that radio 

static, and now I know that there’s a cloud there.” 

 Not only do I know that there is a cloud there, but I know how big the cloud is — or 

at least how much hydrogen it has — because the amount of static I get is proportional to 

the amount of hydrogen.  If there’s very little hydrogen, it’s gonna be very faint.  If there’s 

a lot of hydrogen, it’s gonna be bright.  And so I can tell how much gas there is and where 

it is all around the Milky Way.  And so astronomers in the 1950s began mapping the Milky 

Way by looking at 21 centimeter radio waves coming from the galaxy. 

 Now, this shows you the kinds of details you can go into.  What we’ve got here on 

the left is a drawing of where the hydrogen clouds were.  Notice that the bright areas show 

hydrogen gas and it looks like the shape of the galaxy is a spiral.  Now, how do you 

determine that?  Well, this also shows you on this same drawing from the Earth at the top, 

looking through the galaxy.  As I said, those radio waves can come right through the dust 

clouds and everything to us so we can pick them up.  But you’ll notice that there’s A, B, C 

and D.   There are four particular clouds in a different direction that are all giving off 21 

centimeter radiation.  Well, how do I tell one cloud from the other?  They’re in the same 
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direction.  One is behind the other.  I should be confused by which cloud I’m looking at. 

 Not necessarily.  The clouds are moving at different speeds as they go around the 

galaxy.  And so on the right we have a graph of what we actually measure with the radio 

telescope.  We measure four separate clouds.  Because if they’re going at different 

speeds, the radio waves are Doppler shifted.  So we have a shift to the red or blue in the 

spectrum.  Whether it’s radio waves or visible light, you still get the same Doppler shift.  

And so the four clouds, because they’re moving at different speeds, are giving off their 

radio waves at slightly different wavelengths.  Or at least we’re picking them up at slightly 

different wavelengths.  And so we can tell that there are actually four clouds that we’re 

looking at in a particular direction. 

 So then we look in a slightly different direction and we can actually map those 

spirals that you see on the left, because we know that there are four clouds — there’s one 

behind the other — and we can actually trace them out by just moving the telescope and 

seeing where they are all the way around the galaxy.  Takes years to do this.  You don’t 

do this in one day.  You map each section of the galaxy one bit at a time, look at all the 

Doppler shifts, figure out where all the clouds are.  But you do this for some years and all 

of a sudden you have an idea of how the whole galaxy fits together.  At least you know 

where the hydrogen clouds are.  That may not be where all the stars are, but it’s at least 

something. 

 And it turns out, though, they’re actually pretty close to where all the stars are.  

Because remember where most stars form: in clouds of gas and dust.  And so the stars 

form in those clouds and they don’t leave the clouds too fast.  And so wherever you find 
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the clouds, you’re also finding places where stars are probably gonna be forming.  Or 

maybe have formed in the past and left some of the cloud behind.  So we’re pretty sure 

we’re getting more or less a map of the galaxy by looking at hydrogen radiation.  Not 

actually photographing it, but we’re making measurements that help us to map it. 

 Now, notice that spiral pattern there in the galaxy?  Turns out that there are a lot of 

other galaxies that look just like that.  It was kind of interesting to find out that our Milky 

Way is just an average galaxy.  Just like it was kind of interesting to discover, when we 

looked at all the other stars and were able to study spectra and sizes and everything else, 

that our Sun was a pretty average star.  Now that we’ve been able to map the Milky Way 

and see what it actually looks like, we look at other galaxies in the sky and we see the 

same thing all over the p lace.  So it’s pretty average, pretty typical.  It’s not a weirdo 

galaxy any more than the Sun is a weirdo star.  Which I guess is kind of nice. 

 When you study all of the motions of these clouds in the galaxy and you study the 

motions of stars in the galaxy, you get some weird results.  Well, let me go back to this 

drawing before I tell you about the weird results.  If you look at this drawing you can see 

that a lot of the galaxy is in the center.  It seems to be concentrated at the center.  Well, 

that’s what we measure.  There’s a lot of material near the center.  But there’s also some 

material out in these spirals.  And so you can kind of build up a map of the gravity of the 

galaxy.  There’s a certain amount of gravity at the center, there’s a certain amount of 

gravity in these spirals, and so you can work out theoretically what the gravity should be 

like throughout the galaxy.  You’re just using Newton’s laws and calculating the force of 

gravity everywhere based on how much material you have. 
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 Now, if I do that — let’s make an assumption.  Let’s assume that almost all of the 

mass of the galaxy is in that center.  Just like the Sun is most of the mass of the solar 

system.  If we were to assume that, then we would expect that the velocities in the galaxy, 

how fast things were — whoops — how fast things are spinning around the galaxy would 

depend on their distance from the center.  Mercury goes very quickly around the Sun 

because it’s close to the Sun and there’s a lot of gravity there.  Pluto goes very slowly 

around the Sun because it’s a lot farther away, the gravity of the Sun is much weaker out 

there, and so Pluto doesn’t have to move as fast. 

 Well, if most of the mass of the galaxy was at the center, then stars that are farther 

and farther away from the center and clouds that are farther and farther away from the 

center should be going around slower and slower.  And so you would expect a graph like 

this one if you plotted distance from the center and the speed of these objects going 

around in orbit.  That is pretty much the kind of curve you get for the solar system.  And so 

we we’ve even plotted where the Sun would be on that just to see how fast the Sun would 

be moving around the galaxy. 

 Okay.  If we realize that that’s too simple, that actually the mass is not all in the 

center of the galaxy, there’s some out in those spiral arms, then we have to modify the 

speed with which things would move around.  And so we do another calculation and this 

second calculation shows us that the speed would actually go to zero at the center of the 

galaxy.  Because if you think about it, at the center of the galaxy all the mass is around it, 

not in it.  It’s spread out.  And so right at the center all the mass is outside the center and 

kind of balances.  So you wouldn’t feel any force of gravity from any direction ‘cause it all 
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balances. 

 But as you moved out from the center, all of a sudden you would kind of go into the 

dense region where there was lots of material and so then you’d go up very quickly to a 

high velocity, and then it would drop off again as you got toward the edge of the galaxy.  

So that’s a modified calculation of how things should move around the galaxy.  These 

were the kinds of calculations astronomers did back in the 1940s, 1950s, 1960s, to try to 

figure out how the mass was distributed throughout the galaxy. 

 They then began measuring how the stars were actually moving around the galaxy 

to see how well it matched these models.  ‘Cause these are only theoretical calculations.  

And when they made the measurements, this is what they got.  It doesn’t look anything 

like the calculations.  In fact, it looks pretty weird.  What this graph is showing — and that’s 

the actual observations — is that, yes, near the center the velocity drops to zero because 

the center is actually pretty large.  That nucleus of the galaxy is not a point.  It’s actually a 

big bulgy thing.  And so right at the center the bulge is all around you, so no velocity.  But 

then as you move out from the center, yes, the velocity does go up because you’re going 

around the big bulge.  But as you get farther and farther out from the galaxy, you would 

think that the speed would drop off and it doesn’t.  It goes down and then it goes back up.  

And then it goes down again near the Sun and then it goes back up.  And this does not 

make a lot of sense. 

 And so astronomers were kind of shocked.  They had all these nice models of how 

the mass was distributed in the galaxy, and then they measured the motions of the stars 

to see how the mass was actually affecting the stars, and they got totally different results.  
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For awhile there was just plain confusion.  What is going on?  The only conclusion 

astronomers could come to by looking at this wavy graph was that stars near the edge of 

the galaxy are moving pretty fast.  You’ll notice that as you got out, the speed stays 

somewhere around 225 kilometers per second.  All the way out to the edge of the galaxy.  

That’s about equivalent to Pluto going around as fast as Mercury. 

 Now, if we saw Pluto going around the solar system as fast as Mercury, we would 

wonder what was making it go.  Because the gravity of the Sun at that distance should be 

pretty weak, right?  So why would a star way out on the edge of the galaxy be zipping 

around so fast when all the mass is down there at the center?  The only conclusion that 

astronomers could come to was a very uncomfortable conclusion that there must be a lot 

of mass out at the edge of the galaxy that is forcing those stars to move fast.  There’s 

gotta be some kind of gravity pulling those stars around, even out at large distances. 

 The only problem is, when you look at this Milky Way, we’re talking about stars that 

are way out here near the edge.  There’s nothing out there that we can see — at least not 

with normal telescopes.  We don’t see any hydrogen radiation coming from out there.  We 

don’t even see many stars.  I mean, it’s pretty empty out there — you know, it’s just the 

edge of the galaxy.  And yet the gravity out there is just as strong, if not stronger, than it is 

in where the Sun is or even in closer to the center. 

 And so astronomers have had to come up with what we now call unseen matter.  In 

other words, we know it must be there — at least we think it must be there — because it’s 

got gravity, but we don’t see it as such because it’s not giving off any light, it’s not giving 

off any radio waves.  It’s just not visible.  So you can call it invisible matter.  Some 
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astronomers called it that.  Some call it unseen matter.  Some astronomers have taken to 

calling it dark matter.  Take your pick.  If it’s unseen, it’s dark.  Right?  It’s invisible.  It’s all 

the same kind of term. 

 So we’ve seen all these terms used for this stuff.  Whatever it is there’s a lot of it 

because its gravity is pretty strong out at the edge of the galaxy.  And yet when we look 

with telescopes -- whether it’s a radio telescope, or a visible telescope, or an infrared 

telescope -- we don’t see anything.  And so for the last 20 years since astronomers finally 

got it through their heads that there’s something going on out there, we’ve been trying to 

figure out what the stuff is.  And the answer is?  We don’t know.  Frankly, we don’t know. 

 So I will ignore it for a minute and I’ll just talk about our normal graph of the galaxy.  

We think the galaxy is a spiral shape.  I just showed you that.  We determine that from the 

radio telescopes.  So we have a galaxy that’s about 30,000 parsecs across.  That’s pretty 

close to 100,000 light years.  Calculate it out and you’ll see that it is.  There are spiral arms.  

That’s what we call these spiral patterns.  We call them spiral arms.  There is a bulge at 

the center so we call it the nuclear bulge.  The nucleus of the galaxy has a bulge so we 

call it a nuclear bulge. 

 From the side it looks like that.  That’s more what we actually see.  When we look 

at the Milky Way, we are seeing it from the side.  And the reason is that we’re halfway out 

in the disk.  So the flat part of the galaxy that has the spiral arms in it we call the disk.  

There’s then the region where all those globular clusters were that got Harlow Shapley 

thinking about the shape of the galaxy.  That region out there is called the halo.  So we 

have different parts of the galaxy that we refer to.  The halo is sort of a big, spherical 
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region way out near the edge of the galaxy.  All the globular clusters are arranged around 

in there.  We have the flat region of the disk.  The Sun is in the disk.  And the disk, if you 

saw it from the top, we could leave the Milky Way and go way up high and look back down 

at it.  It would look roughly like that spiral pattern. 

 Now, this is an idealized drawing.  In fact, this is referred to as a cartoon view 

because it’s not real.  It’s just somebody’s nice drawing of what the Milky Way looks like.  

And so keep in mind it probably doesn’t look exactly like this.  If I were able to get a 

photograph of the Milky Way and actually show it to you, you might say, “Oh, it doesn’t 

look exactly like that drawing at all.”  The problem is, we don’t know exactly what it looks 

like.  We mapped the hydrogen clouds, we look at where the stars are, and we try to figure 

it out.  But we’re in it.  So in an odd way, it’s like trying to map this building without leaving 

this room.  It’s kind of tricky.  You can peek out the doors, you can look around the corner, 

you can try to figure out what the building is like.  But it’s not an easy process. 

 And so we’re probably not too sure exactly what the shape of the galaxy is, but it’s 

more or less like that.  And the reason we think it’s more or less like that is we see a whole 

bunch of other galaxies all over the place that sure look like that and we figure we’re one 

of ‘em.  And so that’s as close as we can get. 

 How did the Milky Way get like this?  There are different parts to this galaxy.  We’ve 

got a halo that’s kind of spherical.  We’ve got a flat region that’s round and flat and we’ve 

got this dense region in the middle that we call the nucleus or the bulge.  The present 

theory as to how this got the way it is is this.  Billions of years ago the galaxy was an 

enormous cloud.  Part of it is still cloud but much less now.  And so you start out with just 



ASTRO 114 Lecture 47 16 
 
a gigantic cloud of hydrogen and helium, and stars begin to form in that cloud.  Since it’s a 

big dense cloud of gas, a lot of stars start forming.  They form in giant clusters.  Today we 

call those clusters globular clusters.  And so the first stars to form probably formed out in 

that halo in the globular clusters.  And since the cloud was more or less spherical, they 

formed out there in that more or less spherical cloud. 

 But also think about this.  The cloud was probably moving, swirling around.  So as 

it swirled around and parts of it were collapsing, turning into stars and clusters of stars, it 

probably began to spin to keep its angular momentum constant a nd it began to shrink.  So 

you’ve got this enormous cloud shrinking and flattening down just the way we discussed 

how the solar system would form from a giant cloud.  Got a big cloud that is collapsing, 

turning into a star and flattening into a disk. 

 That disk begins to spin.  Well, what we’ve done is just moved this up one scale 

height.  We’ve just made the whole thing bigger.  We’re now talking about an enormous 

cloud, the whole galaxy, that begins to spin.  It flattens down.  And so what was more or 

less a spherical galaxy begins to flatten down into a disk. 

 And so after billions of years most of the gas and dust is in the flat disk.  There’s no 

more gas and dust way out here in the halo.  The only thing out in the halo are the stars 

that already formed in the gas and dust that used to be out there.  All the gas and dust is 

now in the flat region and so we get more toward our present shape of the galaxy where 

you’ve got a flat disk of gas and dust that’s swirling around.  Stars are forming in that gas 

and dust, and so they are in the flat region of the galaxy.  But because there’s a lot less 

gas and dust, the stars that form in clusters are in smaller clusters.  And so what we see is 
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a change in the shape and the size of the galaxy over time, and all the while stars have 

been forming in it. 

 Now, that’s a scenario to describe the formation of the galaxy.  There are other 

possibilities.  One other possibility that some astronomers have suggested is that this 

galaxy was put together by a committee, that it d idn’t just start out as one enormous cloud 

that started spinning and kind of flattened down and turned into a disk with all these other 

stars.  There is a theory that’s been going around — or hypothesis, I guess you’d call it 

‘cause it’s not totally worked out — that billions of years ago the galaxy was actually much 

smaller.  It was only the little portion, the nucleus, the bulge, and some of the material in 

the halo.  And other galaxies were all around it and they’ve all been falling together for 

billions of years. 

 So what you have is a whole bunch of smaller clouds that have been falling 

together into one big cloud turning into the galaxy.  And that would be a much messier 

process.  It’s not one nice large cloud that just collapses down and becomes the galaxy, 

but you can get almost to the same results by that other method.  You have a smaller 

galaxy to start with and things are falling in and literally turning it into a bigger, flatter 

galaxy.  And the reason the galaxy spins now?  When things fall in they speed up and 

cause stuff to spin around.  

 So it’s two completely different ways that the galaxy could form.  Some 

theoreticians favor this model where you have one enormous cloud that collapses down.  

Some astronomers prefer a model where you’ve got many different clouds that collapse 

together over billions of years and finally turn into one galaxy. 
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 Now, why would you come up with this second idea?  Well, what we’ve actually 

realized in the last 10 years is that the Milky Way is swallowing up other galaxies.  There’s 

a galaxy right now entering into the other side of the Milky Way and it’s being ripped apart.  

This little galaxy is coming in and it’s being spread out and put into the galaxy.  After 

awhile you won’t ever be able to tell those stars were not a part of our Milky Way.  

Because this other galaxy is coming in and it gets kind of ripped out, spread around, and 

you never know it was there.  And we realized that this has been going on.  Other littler 

galaxies come in because of the gravity of the Milky Way and get torn up and spread 

around our galaxy and become part of it. 

 So the idea that it was actually put together by a bunch of smaller objects may be 

correct or maybe it’s a combination of the two.  You had a big cloud that collapsed down to 

make most of the galaxy and then a lot of little ones fell in on top of it to kind of finish off 

the job.  That may be the most correct version, maybe a combination.  We don’t know.  

The problem is it’s been going on for 14 billion years.  It’s kind of hard to tell when you’re 

just looking at the finished product. 

 Okay.  That’s it for today. 

 

 

  

  


