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 Okay.  We’re continuing our discussion of stars in the Milky Way, and I’m still 

talking about double stars, binary stars, and I wanted to emphasize a little bit more about 

what you can learn from these binary stars. 

 In particular, we’ve already talked about the masses.  You can get masses by 

studying these binary stars because we have two objects going around each other.  And 

as a result of going around each other, they are following laws that we’ve already learned 

about, namely Kepler’s laws.  And so as these stars go around, they’re following Kepler’s 

Third Law in particular and that’s the equation up top: M1 + M2 — that’s the two masses 

of the stars — = A cubed.  And if you’ve forgotten that, that’s the size of the orbit, cubed.  

A was the average distance apart of the two objects, whether it’s a planet in the sun or a 

moon in a planet or, in this case, two stars.  So A is the separation of the two objects.  You 

cube that and you divide by the period of the orbit squared.  And you get the period of the 

orbit by seeing how long it takes the two stars to go around.  Yes? 

 [Inaudible student response] 

 Thank you.  That’s what the bottom equation is for.  When you get Kepler’s Third 

Law calculated, you only have the sum of the two masses.  It doesn’t automatically tell 

you each mass separately.  You have to have some additional information in order to get 

those separate masses. 

 And I kind of showed you the additional information yesterday, and that is this plot 

of the velocities of these stars as they go around as determined from the Doppler shift.  So 

you see the lines in the spectrum shifting.  You measure the amount of shift and then you 

can plot the change in velocity, or change in the Doppler shift, over time and you see that 
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it repeats itself.  Well, I’ve actually plotted it for both stars.  One star shows it in blue, the 

other shows it in black, and one star may be going around in a bigger orbit than the other.  

Maybe like this.  Where one star is only moving in a small orbit, the other is moving in a big 

orbit.  Why would that be?  Because the one that’s doing the less moving is more massive.  

It’s got a lot more mass and so it doesn’t do so much moving.  The one with the lower 

mass actually does more moving. 

 So when I plot these two curves, the size of those curves is not necessarily the 

same for both stars.  And it’s not very obvious here, but I think you can see that the blue 

curve is a little bit smaller than the black curve.  The ratio of the sizes of those two curves 

is what I’ve put down here as K2 and K1.  That’s the size of the change in Doppler shift.  

And so I can get the ratio of the masses of the two stars by looking at the ratio of how 

much they’re each moving.  The star with more mass does less moving, the star with less 

mass does more moving, and so I see the ratio of how they’re moving gives me the ratio 

of their masses.  And so, yeah, from Kepler’s Third Law you only get the sum of the two 

masses.  But if I have the sum of two masses and I have the ratio, I can figure out each 

mass individually.  Everybody see that?  A little bit of math, yes, but it calculates a very 

important property of the stars. 

 Now, by showing you this I’m kind of pointing out that we need those Doppler shifts.  

We’ve gotta get spectra of these stars in order to get accurate masses unless we can 

actually see the orbit.  If we can see the actual orbit, if we see it as a real double going 

around and we can photograph it, then we can get the size of the orbit and the relative 

sizes of each orbit separately and we can use Kepler’s law in that case. 
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 So you can use visual doubles or visual binaries.  You can use spectroscopic 

binaries.  The only problem with the spectroscopic binaries, as I mentioned before, is that 

you need to know the tilt of the orbit and so the spectroscopic binaries also have to 

eclipse. 

 And since I’ve brought up eclipses, we can now go back to mentioning another 

property of stars that can be determined from binary stars and that is their sizes.  When 

you look through a telescope at a star — and I don’t care which telescope you’re using.  

Whether it’s the Hubble telescope up in space or the 200-inch telescope at Mount 

Palomar, every star that you look at through those telescopes is a tiny, little dot.  You 

cannot tell the size of a star by looking at it through a telescope.  They differ in brightness 

but they’re all tiny, little dots. 

 We have to have some independent way of actually measuring the size of a star.  

And the only way we know of is if one star goes in front of the other -- in other words, an 

eclipsing binary.  Now, let me show you that.  I showed you this graph yesterday.  In the 

top drawing you see two stars of equal size and as they go in front of each other, there is 

an eclipse but the eclipse is kind of instantaneous.  Only at the point where the two stars 

are directly in front of each other do you get the bottom of that eclipse -- and it’s very 

sharp — that shows that the two stars are the same size.  Right away. 

 If you have a case where you have one large star and one small star, then you get 

an eclipse that takes a long time to occur because you’ve got the little star going across in 

front of the big star.  Or the little star goes behind the big star and disappears for a while.  

And so the change in brightness stops.  And so you have a flat bottom on those eclipses 
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because the eclipse lasts a pretty long time.  By how long that bottom is, you can tell how 

long it took the star to go across.  And by how long it took to go down one side and up the 

other, you can tell how long it took the star to go from being off the other star to being 

completely on the other star.  And that depends on the size of the star.  If you’ve got a very 

small star going on to a big one, it’s gonna go on pretty fast.  And so the drop in brightness 

is gonna be very quick.  If you’ve got a very big star going across a very big star, then it’s 

gonna take a long time for one star to completely go in front of the other. 

 And so by how fast the brightness drops and how long it takes to go across during 

the eclipse gives you a measure of the sizes of the two stars.  So not only do I know that 

it’s  in eclipsing system, but from the shape of the eclipse I can get the actual sizes of 

these stars.  And that’s the only way that you can actually measure, by looking at real 

stars, what those sizes are. 

 So while you’re doing your studies to determine the masses, if you happen to have 

an eclipsing system that’s easy to measure, you can also measure the actual sizes of the 

stars.  Once you have sizes for stars, once you have masses for stars, then you can 

compare those with the spectral types and with the absolute magnitudes to see all those 

various properties of stars that we’ve already talked about.  But you’ve gotta have some 

way to make the measurements and binary stars are very useful for the masses and 

sizes. 

 Now, there’s some other interesting things that happen with binary stars and I’ll 

show you one of them.  They can go through their lives — well, they have to — together.  

And remember, stars begin as a cloud of gas, shrink down, finally turn into a normal star, 
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stay a normal star for a while, and then they run out of hydrogen in the center and they 

swell up and become a giant.  And then maybe they become a bigger giant and then 

maybe they fall apart and become a white dwarf, right?  They go through all those stages. 

 Well, what if you’ve got two stars going around each other?  They have to go 

through all those stages right next to another one also going through those stages.  And 

sometimes they affect each other.  For example, let’s say you’ve got two stars — and 

these are different snapshots in time here.  Okay.  In Part A on the top, you have two 

normal stars going around each other.  They’re just in orbit.  Now, you see what looks like 

kind of a strange figure-eight around the two stars.  That’s a calculation of the space that 

belongs to each star. 

 Now, what do I mean by that?  I mean if a bit of material should blow off one of 

those stars — let’s say there’s a little flare on the star and material kind of blows off the 

star.  As long as the material stays inside those little dashed lines around each star, then 

that material still belongs to that star.  But if somehow — let’s say material on this little star 

blows off and goes across inside the dashed line for the other star, the material now 

belongs to the other star.  Because those dashed lines are calculated based on the mass 

of each star, based upon the amount of gravity each star has.  So it’s obvious here that 

this bigger star has more gravity and therefore it controls a larger section of space around 

it.  And so any material that’s in that space belongs to that star and any material that’s in 

the smaller star’s space belongs to it.  Okay? 

 Now, what about material that gets outside the dashed lines?  It doesn’t know 

they’re two separate stars.  It’s still stuck with the system but it can float around both stars.  
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So it thinks there’s just a lot of mass there and it can move around freely around both of 

them.  So this sort of identifies the regions of space that are controlled by these two stars. 

 Now, the more massive star goes through its life faster, right?  It burns up all of its 

hydrogen much more quickly.  So at some point it turns into a giant star and it fills the 

entire space that it belongs to or that it owns.  In fact, it overflows it.  The star swells up 

and if it were by itself, no problem.  It would just get bigger and bigger and turn into a nice 

giant.  But it only owns a certain amount of space around itself when it’s in a double star 

and so some of that material stars to flow to the other star.  So as the star becomes a giant, 

it starts to lose material to its companion star.  The companion keeps picking up more and 

more material so that after a while the giant begins to deflate, is actually losing a lot of its 

stuff, and the other star is becoming more massive.  So there’s a transfer of mass from 

one star to the other.  Because one of ‘em swelled up, got too big, and started to pass the 

material to the other star. 

 Then the other star is now more massive.  It has now become the big, massive star.  

And the one that originally became a giant is now just a puny little thing.  Maybe only a 

white dwarf, may have lost almost all of its material.  Then the new massive star becomes 

a giant and the same process goes back in reverse.  The newly massive star swells up, 

fills the space that it owns, material begins to flow back to the other star.  And so these two 

stars cannot evolve independently.  They don’t go through their lives ignoring all the other 

stars around because they’re so close to another star that as they change, they cause the 

other star to change. 

 As they swell up, they pass material to the other star.  The other star then takes all 
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that material and becomes more massive, and the star that’s losing the mass literally 

loses it, shrinks down, maybe becomes a white dwarf or a sub dwarf or something like 

that.  But then it just waits because it knows that — well, I don’t know if it knows, but it’s 

going to happen that the other star will then go through its lifetime, swell up and become a 

giant, and pass the material back.  And so material gets passed back and forth between 

these stars as they try to go through their li ves. 

 At the end of it all you might have two white dwarfs going around each other.  They 

finally pass the material back and forth and then a planetary nebula blows away and you 

wind up with two white dwarfs just continually going around.  Or you could have one star 

pick up so much material it actually gets enough mass to explode.  Could become a 

supernova.  Blow off a whole bunch of material and then only a neutron star is left.  We 

find cases where there’s a white dwarf and a neutron star going around each other.  

They’ve probably been through a lot.  Passing mass back and forth, one of ‘em blowing up.  

We even find cases of two neutron stars going around each other.  Imagine what’s been 

going on with those two.  Passing mass back and forth, one of ‘em becomes a supernova 

and later another one becomes a supernova, and yet they’re stuck together the whole 

time. 

 So stars that are close doubles — they have to be fairly close to have this kind of 

problem — can go through a lot of different kinds of lives separate from normal stars.  

They can literally change from low mass stars to high mass stars and back.  And in doing 

that, originally maybe they were only going to become a white dwarf because that’s all the 

mass they had.  But maybe they picked up enough material they could become a 
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supernova, then a neutron star.  Or the star was originally going to be a supernova and a 

neutron star if it were by itself, but it lost so much mass that it never did.  It just became a 

white dwarf. 

 So these stars affect each other’s lives to the point where after a while you don’t 

know which star was what when.  Because if you see them at the end, you see these two, 

you have no idea what the original pair looked like.  You’ve gotta go back quite a few 

frames to figure it out and sometimes it’s really hard to figure out what happened.  You 

know, it depends on how much mass was transferred and when it happened, and whether 

the star had supernova explosion in the middle.  So there’s a lot that can go on and it’s 

tricky to work it back, find out what these stars were really like when they were both 

normal, main sequence stars going around each other.  But it’s kind of fun.  It’s like a 

detective story, just trying to figure out what happened to them. 

 How many of these stars are in the  sky?  How many doubles are there?  How many 

triples are there?  Well, astronomers have done a lot of surveying to find out the answer to 

that question.  We notice that there are a lot of doubles.  Ever since Herschel began 

studying doubles in detail, astronomers have been making catalogs of double stars.  And 

there are thousands of ‘em and thousands of ‘em.  People just plain got tired of making 

catalogs of ‘em. 

 But you can do a statistical study.  You can just say, “Okay.  Let’s look around the 

sun.  Let’s just look at every star within 100 parsecs of the sun.  So we’re gonna look in 

our own neighborhood, out to 100 parsecs in all directions.  What percentage of all those 

stars out there are doubles?  Turns out it’s almost 50 percent.  Just about half.  A nd so for 
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every single star you’ve got a pair.  That means that doubles are not abnormal.  They’re 

just as normal as single stars.  And so when stars form, there’s just as good a chance 

they’re gonna come out as a single star as is they’re gonna come out as a double star. 

 Now, there are triple stars but that’s only a small portion.  A few percent at most.  

But a few percent of billions of stars means that there are still a lot of triples.  And they’re 

fairly common.  The closest star to the sun is actually a triple star.  Alpha Suntory -- I’m 

sure you’ve probably heard the name somewhere — is the closest neighbor to the sun.  

Well, technically it’s not.  Because Alpha refers to the brightest star, Alpha Suntory A, but 

there’s also Alpha Suntory B  that’s going around it in a close orbit.  It’s a visual double but 

they’re pretty close.  You need to look with a telescope or binoculars to see ‘em.  So 

you’ve got A and B going around each other in a closed orbit.  And then it was discovered 

later on that there was a C star, the third one in this triple, going around the other two in a 

big orbit. 

 Well, star C, Alpha Suntory C, actually comes closer to the sun than the other two 

because it’s in a bigger orbit.  So sometimes it’s on our side of the orbit, so technically it’s 

the closest star to us.  So we’ve actually given it a separate name.  It’s not just Alpha 

Suntory C.  It’s also known as Proxima Suntory which means closest.  So Proxima 

Suntory is the closest star to the sun, but it is the third star in a triple  system that is near us.  

And so triple systems have to be pretty common, I guess, if the closest star to us is a triple.

 So there’s several percent of all the stars in the sky are triples. 

 An interesting point about triple.  You never find three equidistant triples.  In other 

words, three stars that are all about the same distance from each other.  Nice little triangle, 
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right?  That’s what you’d like to see.  Never happens.  What we’ve discovered is that when 

you’ve got a triple system, what you’ve really got is a double and a third star that’s farther 

away.  Just like Alpha Suntory A, B and C.  You’ve got two stars close and one star much 

farther away. 

 It turns out you can do the simulations in a computer.  You can start out with three 

stars that are near each other, make ‘em in a nice triangle, and then start Kepler’s laws 

and Newton’s laws, the gravity of the three stars as they go around each other, and you 

will find very quickly that two stars of those three just randomly get close enough to each 

other that they both pull on the third star simultaneously.  And that causes the third star to 

go into a bigger orbit. 

 So even if you start out with three stars that are equidistant from each other, just 

because of their orbital motion, very soon two stars will get close to each other and both 

pull on the third star, and whooop, push it into a bigger orbit.  And so you wind up with a 

double and a third star in a bigger orbit.  It happens every time if you do a computer 

simulation, and so that’s what’s happening in nature.  Three stars might actually form right 

near each other in space.  But as they start to go around each other, two of ‘em gang up 

on the third one and the third one goes into the bigger orbit.  It happens all the time.  So 

whenever we find triple stars, we find a pair and a third one. 

 Now, there are bigger groups.  There are quadruples.  Four stars all going around 

each other.  And guess how they’re arranged?  A pair here, a pair here.  So you’ve got two 

close pairs and then you’ve got the wide pair of pairs going around each other.  There are 

quintuplets.  And how are they arranged?  Usually two very close pair going around each 
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other and then way out, the fifth star in a much bigger orbit totally separate from the other 

two pairs.  They always divide up into pairs.  Regardless.  And then there’s always the 

extra one out somewhere else. 

 There are even sextuplets, septuplets, octuplets.  I think the largest number is 12 

stars all going around each other.  And they all divide up into pairs.  Pairs of pairs with 

pairs of pairs going around each other.  It always breaks up that way.  But they are much 

rarer.  You don’t find many of those.  It’s really an oddity when you find one that’s got more 

than four or five stars in it.  So pairs seems to be the  normal way they break up 

gravitationally.  But if you have more than two, you’ve gotta have someplace for the third 

one so it usually is going around in a bigger orbit. 

 You can have bigger groups than twelve.  As I mentioned earlier, you can have 

clusters of stars.  These are stars that are going together through space.  They seem to 

be in a group.  Usually, if you see ‘em in a photograph there’s a bunch of stars there and 

it’s pretty obvious there’s a bunch ‘cause there may be nothing around it, and they are 

moving through space together so they are sort of gravitationally held to each other.  And 

they may actually be moving in some very complicated orbits around each other, but 

trying to figure that out with hundreds of stars becomes a real nightmare. 

 But these stars are called a cluster.  Whenever you have a group of stars staying 

together because of their gravity, and they’re sort of moving around each other and going 

through space, we call that a cluster.  We assume — and I can’t imagine any other way 

they could form.  We assume they all form together in the same cloud.  You get a giant 

molecular cloud of gas and dust, and stars begin to form in that cloud.  And you don’t get 
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one or three or five stars forming; you get a hundred of ‘em.  And so those stars are close 

enough to each other that they are gravitationally bound to each other.  And so when all 

the gas and dust is blown away, you’ve got a bunch of stars and it’s moving through the 

galaxy just like all the other stars but as a group. 

 So you can have situations where you’ve only got two or you’ve only got three or 

you only have four, or you can have the whole cluster itself.  An interesting thing is that in 

a lot of these clusters you also have doubles.  Well, they’re so close to each other the 

whole group is held together.  Why not have some doubles also?  Or triples?  So these 

clusters do exist. 

 Now, you might think to yourself, “Why don’t all stars form in a cluster and stay that 

way?  If that’s the way stars normally form, in a big cloud of gas and dust, why isn’t the sun 

in a cluster?  Why isn’t every star in a group that’s moving around the galaxy?”  It turns out 

that most stars don’t stay in the group they formed in.  And the reason is these clouds 

where the stars are forming have motion.  Remember, they’re swirling around and moving.  

And so when an individual star forms, that motion turns into spin and the star collapses 

down in a disk form and maybe gets planets forming in the disk.  That’s on a scale of one 

star, the cloud turning into a star.  So you’ve got a cloud turning into a star over here and 

a cloud over here turning into a star, and over here, and you’ve got this whole bunch of 

stars all forming in this enormous cloud complex. 

 Many times the motion of the cloud itself is enough that each individual star when it 

forms also has some motion.  And if that motion is large enough, the stars are not bound 

to each other by their gravity.  The stars literally are moving around past each other at 
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what you might call a scape velocity from the cloud.  And so most stars when they form 

form with other stars.  Initially it might look like a cluster but it’s not really a cluster because 

they’re not gonna stay together.  They’re sort of moving off in different directions and after 

a while they’re all spread out and you can’t even tell that they formed together.  We call 

those groups associations.  Not a cluster.  Cluster is gravitationally bound, held together.  

But when you just get a bunch of stars forming so that they are temporarily associated 

with each other, we call that an association.  We only see young associations.  Because 

they’re there when the stars first form but the stars are slowly fanning out, spreading out 

into the galaxy, and so after a while you don’t see the association anymore.  They’ve all 

spread out and gone their own way.  But if the stars have just formed you still see a group 

there and we call that group the association. 

 So we have real clusters where they are close enough to each other and they’re 

not moving very fast with respect to each other, so they’re gravitationally held together.  

They stay together for billions of years and move around the galaxy together.  But the 

more common occurrence and what apparently happened with the sun is that the stars all 

form in the same region but they’re all moving apart, spread out through the galaxy, and 

so after a while you can’t tell which star is formed near which star as they’re all spread 

apart. 

 There are small clusters.  We see some clusters that might only have 40 or 50 

stars in ‘em.  We see bigger clusters that have several hundred stars in ‘em.  We see 

some clusters that have well over a thousand stars in ‘em.  We even see some clusters in 

the galaxy that have over a million stars in ‘em.  And you can tell that they’re part of a 
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group because they may be all by themselves off somewhere but they’re all together in 

this really dense group of stars.  A million stars. 

 What we’ve also noticed is that the biggest groups are the oldest.  When you look 

at the individual stars in these groups, you discover that those enormous ones with a 

million stars in ‘em all have old stars.  There are no young stars in them.  That group has 

been together for 10 billion years.  In fact, when we look at the ages of all the old stars in 

those big groups, they all seem to be over 10 billion years old.  And so it appears that a 

long time ago when clusters of stars formed, they formed in really big groups.  Some of 

the clusters that have a couple of thousand stars are some 3, 4, 5 billion years old. 

 So it appears that about the time that the sun formed, there were still clusters 

forming that had several thousand stars.  Today it is more common to find clusters that 

only have hundreds of stars.  So it appears that the clusters are getting smaller.  Why?  

Well, the galaxy is kind of using up all the gas and dust forming stars.  And so as time 

goes on, the clouds are a little bit smaller.  There’s not quite as much material to turn into 

a big cloud so that stars can form, and so it appears that we have a change in the rate of 

star formation in the galaxy. 

 We can kind of see that.  Here is a graph that is actually a plot of where stars are in 

the galaxy.  Now, we haven’t actually talked about the whole galaxy, but this is sort of your 

introduction to it.  The black dots on this graph — and it’s not too obvious what are not 

black.  Hmmm.  Well, it’s just not gonna work very well.  Because there are red dots on 

this picture but you can’t see them.  Well, I’ll point out which ones are black and which 

ones are red. 
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 The black ones are all the ones that are straight along horizontal across this graph.  

All the red ones are the ones that are out around the edges.  And so what I’ve plotted on 

there are the black ones being the small clusters and the red ones, the  ones that are out 

here, being the big clusters.  So the big clusters are not even in the same place as the 

small clusters.  They have formed in a different part of the galaxy.  So something has 

changed in the galaxy.  The galaxy now seems to be very flat whereas in the past clusters 

were forming way out here.  But there’s no material out there now and so big clusters can’t 

form out there because they’re not there.  The stuff is not available.  The stuff is now all in 

this flat region in the plane of the galaxy. 

 When we look at the motion of these clusters, when we look at how they’re moving 

around the galaxy, we discover another interesting thing.  All the small clusters are going 

around in almost circular orbits in the plane of the galaxy.  Just like the planets going 

around the sun.  All of these clusters of stars are going around the galaxy in almost 

circular orbits.  The old clusters that were out around the galaxy itself are going around in 

that kind of orbit.  Very elliptical orbits that go way outside the flat region of the galaxy. 

 So what we see is that there are completely different kinds of clusters and 

completely different groups of stars that are inhabiting the same galaxy.  You’ve got one 

large amount of material that’s all in a pretty flat plane and you’ve got another bunch of 

material that’s sort of around the flat plane.  In an odd way, this mimics the solar system.  

We’ve got the planets and the asteroids going around in a flat plane but the comets are 

around the solar system kind of in a ha lo, right?  The ort cloud?  That’s kind of a spherical 

distribution of comets around the solar system. 
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 Now we see that on a much larger scale we have a similar thing going on.  We’ve 

got a flat portion of the galaxy where all the small clusters are.  Those are the younger 

ones.  And we’ve got a roundish part of the galaxy where all the old stars are, all the old 

clusters, and it looks like they have nothing to do with each other.  Totally separate.  In 

fact, when astronomers first discovered this back in the 1940s, they decided that there 

must be two totally separate populations of stars in the galaxy.  And so they gave them 

names of Population 1 and Population 2.  Simple-minded idea.  You’ve got two different 

groups of stars.  We’ll call one Population 1 and one Population 2.  Now, if I were doing 

that today, just for consistency’s sake, I would call Population 1 the old stars and 

Population 2 the younger ones, wouldn’t you think?  But, no, they got it backwards.  And 

so the younger stars that we see going around in almost circular orbits in the small 

clusters they called Population 1 and the old stars, the 10 billion year old clusters of stars 

that are going around in big elliptical orbits, they called Population 2. 

 Now, why did they do it backwards?  Because when they first made the 

measurements, they didn’t know it had anything to do with age.  They just saw two 

different groups.  And the groups that were close to us, the stars that were near us, were 

the ones in the disk because the sun is sin the disk.  And so they called that Population 1 

because that’s us.  And the other ones that are far away from us they called Population 2.  

But now we realize that what they were separating was not just positions of stars but 

actually ages.  Because Population 2 are old stars, 10 billion years old and older.  

Population 1 stars are younger stars, the age of the sun or younger. 

 Now, obviously there has to be something in-between and so those are kind of 
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Population 1, Population 2.  It turns out it’s really not two completely different sets of stars.  

It’s not like somebody took this galaxy and this one and stuck ‘em together.  That was an 

over-simplification.  We now realize that the galaxy used to have first the Population 2.  

And then when new stars formed, they got more and more like the younger stars and 

became more and more like Population 1.  And then when they were all in the flat disk, 

they were Population 1, but there’s intermediate stages between Population 2 and 

Population 1. 

 There are lots of other differences.  Not only are they in different places in the 

galaxy and moving in different kinds of orbits and different ages.  It turns out that these 

populations of stars even are different compositions.  Almost all Population 1 stars, stars 

like the sun, have about the same element abundances as the sun.  Which is what: 70 

percent hydrogen, 27 percent helium, 2 or 3 percent all the other elements. 

 You look at Population 2 stars and the major difference is they have almost no 

heavier elements.  They’re 99.9 percent hydrogen and helium.  Almost no heavy stuff at 

all.  The sun at least is 2 or 3 percent heavy material, but these Population 2 stars are a 

tenth of a percent heavy material.  Much less of the heavier elements. 

 What can we gather from this?  Well, they’re very old stars and they have very few 

heavy elements in ‘em.  So maybe when they formed in their clouds there weren’t many 

heavy elements around.  The clouds were almost pure hydrogen and helium, and so 

those stars formed in those clouds 10 or 12 billion years ago, and they formed out of pure 

hydrogen and helium with only a tiny little bit, tenth of a percent, of other materials.  Today 

all the clouds in the galaxy have 3, 4, 5 percent heavier materials.  And so when stars 
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form today in a cloud, they’re gonna get 3, 4, 5 percent of the heavier materials in addition 

to the hydrogen and helium. 

 So we can tell right away that a lot of those heavy elements have been formed 

since the older stars formed.  Because there’s more and more of that stuff in the stars that 

are younger and younger.  So when the galaxy first formed, it was just about pure 

hydrogen and helium.  And today stars have 5 percent of all the other materials mixed in 

with the hydrogen and helium.  And that may not seem like a lot — 5 percent, big deal.  

But it really does change the stars a lot and it really does make earth kind of planets 

possible. 

 I would be very surprised if there were any earth-like planets going around any of 

those very old Population 2 stars because there was no iron.  There was no carbon.  

There was none of the stuff we have around here that makes up the earth.  It was all 

hydrogen and helium.  All you would expect is Jupiter or Saturn.  But no Earth, no Mars, 

no Venus kind of planets ‘cause they require heavy materials. 

 Okay.  See you on Monday. 


