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 Okay.  We’re gonna be continuing and finishing up our discussion of the lives and 

deaths of stars.  We’re up to the deaths of stars.  I’ve already talked about how stars die.  

Stars like the Sun sort of fall apart.  The outer envelopes of the stars float away into space 

and you’re left with a small object at the center that we call a white dwarf. 

 Now, that white dwarf we consider a dead star.  And the reason we consider it a 

dead star is because there are no fusion reactions going on in that star.  It’s still visible.  

We see them through telescopes.  There are none visible to the naked eye because 

they’re all too faint, but they are still visible because initially, when the envelope of the star 

blows away and you’re left with just the core, it’s pretty hot and so it has to cool down.  

Well, that cooling process literally takes billions of years. 

 And so even though the star is officially dead as far as we’re concerned, there’s no 

new energy being produced.  It’s still a very hot object that is slowly cooling down.  So it’s 

still giving off light, may still be 20 or 30 thousand degrees at the surface, but it’s small — 

the size of the Earth or the size of Mars — and so it’s not very bright.  You need a big 

telescope to see them.  But after many billions of years, they will eventually cool down to 

where they sort of fade away. 

 Now, it actually turns out we’ve looked around the sky to see what was the oldest 

white dwarf.  What one has been dead the longest and has cooled down the most?  And 

what we’ve discovered is that none of them have yet cooled down below 6000 degrees.  

So none of them have actually cooled to invisibility yet because none of them are old 

enough.  It takes so many billions of years for these dead stars to finally fade away that 

none of them have done it. 
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 Let’s look at the more massive stars, the very massive stars that had a supernova 

explosion.  They go fast.  Instead of the material floating away, the material is blasted 

away.  It’s gone.  It leaves at 10 percent the speed of light initially, and so the stuff just 

takes off.  But you’re still left with a core.  The core is what turned into neutrons.  

Remember there was initially a core of iron, iron gas.  The electrons gave up trying to stay 

away from each other so they all combined with the nearest protons.  And if you think 

about it, since there are always an equal number of electrons and protons, there’s a pretty 

even swap.  All the protons turn into neutrons, essentially.  And then the neutrons all 

collapse into a smaller object and they could collapse into a small object because 

neutrons don’t repel each other.  So they could go right up against each other. 

 And so what we have left is an object that we call a neutron star but it’s not like any 

other star.  Because it’s very, very small.  It’s actually smaller than the core of a star.  A 

white dwarf is the size of the core of a star.  But the neutron star has shrunk even further 

so it’s about the size of Springfield, Missouri; 10 or 15 miles across.  It’s a very small 

object and it’s extremely dense.  It’s so dense it’s no longer gas.  Keep in mind that all the 

previous stages of stars, the stars were always gas from the surface all the way to the 

center.  Even a white dwarf is gas.  It may be degenerate gas.  It may be with electrons 

holding it up against gravity, but it’s still gas. 

 But when you get to a neutron star, it is so dense, those neutrons have packed so 

close together that it is extremely solid.  Much stiffer than steel or anything else you can 

think of.  It is extremely dense solid.  So it’s stretching it to call it a star.  It’s some kind of 

object, a very dense neutron object, but to be consistent we refer to them as neutron stars.  
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But they’re dead.  There’s no fusion going on in them.  So they’re just the remnant of what 

was a supergiant and they’re just the remnant of the core.  Because the rest of the 

supergiant, that big star that went all the way out to the orbit of Jupiter, that was all around 

that core, all blew away into space.  So the only thing left is that little tiny core of neutrons. 

 Now, it turns out that in most cases the entire core falls in to become the neutron 

star.  And so if the core of iron gas originally had 1.3 to  1.4 times the mass of the Sun, then 

so does the neutron star.  And so most neutron stars have the same mass because it’s 

the same instability that causes the collapse every time.  And so the same amount of 

material falls in every time.  So we think most neutron stars are about the same mass.  

There may be a little bit of difference because it’s kind of a violent implosion/explosion, 

and so maybe a little more material goes on or a little less, but pretty much 1.3 to 1.4 times 

the mass of the Sun is the mass of your typical neutron star. 

 And most of the time when we have a supernova explosion, we wind up with a 

neutron star as the only leftover.  Now, I say “most of the time” and the reason I say “most 

of the time” is that there’s another kind of object that you’ve probably heard of that may 

also form during a supernova explosion.  And that kind of object is called a black hole.  

Now, what is a black hole?  I’ll give you the simplest explanation for it. 

 Let’s say a neutron star is forming.  There’s been a big explosion, supernova is 

going off, all the protons and electrons have combined and are falling in to become a 

neutron star.  But let’s say that this star doesn’t have 10 times the mass of the Sun.  Let’s 

say it’s got 40 or 50 times the mass of the Sun.  Well, when that collapse begins to occur, 

an awful lot of material starts to fall in.  Because there’s so much gravity that when that 



ASTRO 114 Lecture 42 4 
 
instability occurs and everything begins to fall in, a lot more material starts to fall in on top 

of the neutrons.  And if they fall in with the neutrons, they may turn into neutrons also 

because they go through the same process. 

 Well, if you get too many neutrons falling in, then you have to worry about how 

much pressure a neutron star can hold.  You know, we had this problem of the electrons 

not wanting to be near each other and causing the collapse.  Well, how about neutrons?  

What’s the point at which neutrons either can’t stand to be close to each other or just can’t 

stay neutrons?  It turns out that there is a limit.  If too much material falls in as a part of the 

neutron star, the neutrons themselves cannot maintain their identities as neutrons. 

 I’ll give you a slight analogy that maybe you can visualize.  You’re filling a bag with 

eggs.  You take a bag and you start putting eggs in, and you put a whole bunch of eggs in 

and you’ve got ‘em all in there.  And then you try to put the bag into a container and you 

realize the container is too small for the bag.  Well, what do you do?  You shove it into the 

container.  What happens?  You no longer have eggs.  You’ve got egg, right?  If you 

shove it into that container, you no longer have individual eggs.  You’ve mashed them 

together. 

 Well, same thing happens with neutrons.  You have all these neutrons banging up 

against each other.  If there’s too much gravity, too much pull in, the neutrons banging up 

against each other aren’t enough to fight up against gravity and so they dissolve.  The 

material literally dissolves into stuff.  It’s no longer individual neutrons; it’s just mass.  You 

might say in its purest form it’s just mass.  No space at all, no individual identities of 

particles, just stuff. 
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 Well, if that happens, it’s no longer a neutron star because it’s not made of 

neutrons anymore.  And it was the neutron structure banging up against other neutrons 

that stopped the collapse to make a neutron star.  When it stopped, it was 10 or 15 miles 

across and all the neutrons are fighting against each other, holding it up.  But if they can’t 

fight against each other and they squish together and just become stuff, then there’s 

nothing to fight against gravity.  The material just keeps getting denser and denser and it 

shrinks. 

 And what do you call that object?  You call it a black hole.  Why do we call it a black 

hole?  Two reasons.  One, it’s a hole because stuff is falling in and there’s no place else 

for it to go.  So it’s like falling down a hole except it’s falling in on itself.  And it’s black 

because it has so much gravity.  You’ve taken this material and squished it so densely, it 

has so much gravity that even photons of light can’t escape from it.  Photons trying to 

leave it come back because of the gravity.  The gravity actually pulls the photons back.  

And so if you try to look at it, you don’t see anything.  Unless photons come out of an 

object, you don’t see it and so it looks black. So what it is is just a super dense core of 

a star that didn’t stop collapsing.  It just keeps going. 

 Now, we haven’t seen any of these.  By definition you can’t, right?  They’re black.  

But we have seen evidence of them so we’re pretty sure they exist ad they probably come 

from very massive stars.  Stars that are 40, 50 times the mass of the Sun.  So we have 

three possible endings for stars.  If they have low mass, they become white dwarfs.  If 

they are intermediate mass — 5, 10, 20 times the mass of the Sun, which sounds high but 

now I’m talking about middle range — then they become neutron stars at the end after a 



ASTRO 114 Lecture 42 6 
 
supernova explosion.  But if they’re extremely massive, the object at the center is no 

longer a neutron star.  It collapses right on in and becomes a black hole. 

 Now, what observational evidence do we have for these various occurrences?  I 

want to show you some slides to show you that we see these things happening.  We see 

stars falling apart.  We see supernova going off. 

 Okay.  This is a slide — is that about in focus? — from the Hubble telescope.  It is 

what we think is the beginning of the end, or maybe the end of the end — it’s the end of a 

star.  You see it looks like a giant cloud but the material is coming out.  There is your star 

dying right in front of you.  The material is coming out from this dying star.  It is turning into 

a white dwarf.  You can’t see the white dwarf.  There’s kind of a bright spot near the center 

but it’s not really a star.  You can’t really say you can see the star.  This kind of a cloud of 

material that’s coming out is called a planetary nebula. 

Now, it’s misnamed because it has nothing to do with planets.  This is a star dying.  But it 

was named a couple of hundred years ago by an astronomer who looked at one through 

the telescope and noticed that, to his eye, it looked kind of green.  Now, you might say, 

“Well, what does that have to do with planets?”  Well, Uranus and Neptune, through a 

telescope, look kind of green.  And so he saw this cloud that looked almost the same color 

as Uranus and Neptune and so he named it a planetary nebula, for cloud, because it kind 

of looked a little like a planet.  So silly name, but that’s what we still call it.  Nothing to do 

with planets.  It’s the death of a star but it’s just the name we gave it. 

 So this is a young planetary nebula, a star that is just starting the process of falling 

apart.  And notice if you look at it, it looks like it’s falling apart in stages.  It’s not just an 
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amorphous cloud.  There seem to be sections of the cloud.  There’s sort of an outer, 

halo-y area that might’ve been the first part that kind of blew away from the star, and then 

a different shaped middle area, and then finally this inner region that looks like the most 

recent part that’s falling apart.  This seems to be common.  When stars fall apart, they 

don’t do it all at once.  It seems as if some of it comes out, and then some more comes out, 

and more comes out, and they all look unique.  There don’t seem to be any two planetary 

nebulae in the sky that look the same.  

 This is one.  Here’s a different one.  Looks totally different.  This one looks kind of 

round and you can actually see the white dwarf in the middle.  This is an older one.  The 

material has actually spread out much farther and so you can see the white dwarf.  And, if 

you think about it, the white dwarf might be a double star.  We’re not sure.  There are two 

stars there.  There’s a bright one and a faint one.  Could’ve been a double star when it first 

fell apart. 

 Notice it’s got what looks like maybe a couple of rings.  And so again, this may 

have fallen apart in stages but it’s a much older planetary nebula, so you can see that this 

happened a long time ago.  That white dwarf is already visible in the center.  The cloud is 

floating away from the star. 

 Here’s another one and this is a peculiar one.  Look at the patterns in this cloud.  

How do you explain that ring kind of pattern in the cloud?  Very, very strange planetary 

nebula.  That’s not an optical effect.  That’s — well, it’s an optical effect of some sort, but 

not from a telescope.  That’s actually what that cloud looks like.  Very different from the 

previous two. 
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 Here’s another planetary nebula.  This one’s been nicknamed The Hourglass 

Nebula.  Can you see why?  It looks like the material blew out up and down more than 

around.  Maybe it went out each pole.  That would be a guess.  So it blew up one way and 

down the other, and it’s almost symmetrical, and you can just about see the white dwarf at 

the center.  Very different from the previous ones.  So it looks as if each star falls apart in 

its own way. 

 Here’s another one.  This one is called The Spirograph Nebula.  That is actually 

what it looks like.  It’s not an optical illusion.  That’s the way the material came out of this 

star.  When it fell apart, the material came out in some kind of a pattern.  It was being 

whipped out in some odd way so that you get this wild looking pattern in the cloud.  Again, 

you can see the white dwarf at the center and the pattern is unique to this particular star. 

 Here’s one.  This looks like the iris of an eye almost.  Again, the material has come 

out, you see the white dwarf in the center, but the material has come out a different way 

again.  So we don’t really understand the details of how the star falls apart because it 

appears that the details are different in every case.  So how do you explain how the 

material comes out if it’s kind of different every time?  We’re not quite sure what to make 

of these things.  But we see the general pattern.  The star falls apart, material comes out, 

and you’re left with the core at the center.  And every one of those cores is a white dwarf. 

 And this is one of the last ones I’ll show you.  This one, I think, is called the Eskimo 

Nebula.  Again, it looks in this case like there were at least two different episodes.  There’s 

outer material that looks like it blew away a long time ago and there’s inner material that 

has an odd pattern again, that looks like it kind of blew away more recently, and you can 
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just see that white dwarf in the middle. 

 It’s been suggested, but we have no proof for it so it’s just speculation or 

hypothesis, that a lot of the unique features you see in these planetary nebulae may have 

something to do with whether this star had a solar system, a planetary system.  Maybe the 

planets themselves affect the way the star falls apart.  Maybe some of those spiral 

patterns have something to do with orbits of the planets.  We don’t know.  

 It could be — you notice on the outer edge here you see it looks the material’s got 

little knots in it, little bumps of material all the way around?  That may be all the comets 

that were around this star evaporating.  As the star went by, as the material from the star 

went by and heated up the comets, they may all be evaporating out there.  So what you 

see as the pattern may be the comets going away.  But that’s speculation again. 

 And so these patterns are telling us something but we’re not quite sure what.  We 

can’t see them in enough detail to really figure it out.  All we know is the star is dying, 

turning into a white dwarf. 

 This star didn’t turn into a white dwarf.  This is a supernova explosion.  This is the 

famous Crab nebula.  It’s a supernova that was observed in the year 1054.  In fact, it was 

a pretty spectacular sky object.  If you go back through the calendar and find out which 

date in the year 1054, amazingly it was the 4 th of July.  In the year 1054, this star first 

became visible in the daytime sky.  It was bright enough to be seen in broad daylight.  The 

explosion was pretty big.  

 And in that same place today you see this mess.  So this star has been blowing 

apart for 950 years and what you see is the result of it.  There is a neutron star at the 
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center of that mess.  I can see it.  I’m looking at it.  But you can’t tell offhand because 

there’s a bunch of stars in there, right?  I’ll show you in a minute which one it was and how 

it was figured out. 

 Here’s a closer view showing you how the material just kind of flew out in all 

directions and you can see that some regions are brighter than others so there’s more 

energy there for whatever reason.  A lot of this is affected by magnetic fields.  Apparently, 

when this star blew up, it took a lot of its magnetic field with it.  And so a lot of these 

patterns that you see in this cloud can be explained by the magnetic field of what was the 

star being spread all around the cloud.  And we can actually measure the magnetic field in 

this cloud so we can see how the pattern occurred. 

 But in the center there are two stars.  Well, there are actually more, but the two 

brightest ones near the center.  One of those is the neutron star.  And here are 

photographs of it over a fraction of a second.  If you start over on the left, you see the 

same picture over and over except one of the two stars is blinking on and off.  Do you see 

that?  As you look across from left to right, you will see that there are two stars near the 

center and one of ‘em goes on and then off and then on and off.  That star is turning on 

and off 33 times a second.  It’s literally blinking.  On and off.  And you have to photograph 

it with a movie camera, which is what was done, to pick it up.  ‘Cause if you just look with 

your eye, that’s too fast for your eye to see.  It’s blinking 33 times a second and your eye 

will think it’s still there.  Your eye can’t see it blink that quick. And so it actually had to be 

photographed with a movie camera just to pick it up. 

 What’s going on?  How can this star blink on and off 33 times a second?  Well, 
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actually it’s not blinking on and off.  It’s rotating.  It’s got a hot spot on it and the hot spot is 

all you’re seeing.  That’s the visible star, if you want to look at it that way.  It’s a hot spot on 

the neutron star.  And as the star rotates, the hot spot comes toward you and you see it, 

and then it turns away from you and you don’t see it.  So the star appears to turn on and 

off 33 times a second because it’s rotating 33 times a second.  How can it rotate so fast?  

It’s only the size of Springfield.  It’s a very, very small object so it can spin at a high speed. 

 And so at the center of this supernova explosion that was observed to explode in 

the year 1054, Chinese astronomers noted the exact date and watched it for months as it 

got brighter and then fainter.  They referred to it as a guest star ‘cause it just sort of 

showed up so I guess it was a guest.  And then we found this crab nebula cloud in exactly 

the same spot and the cloud is getting bigger.  We can actually measure how fast it’s 

getting bigger.  And in the center of the cloud is a blinking star.  You might say that’s the 

smoking gun that shows that something happened to that star and the little thing at the 

center is still there, spinning at 33 times a second.  And it’s a neutron star. 

 But it’s visible.  And so we have to give it a new name.  It’s pulsing 33 times a 

second so we call it a pulsar.  You could call it a pulsating star, but that’s a long word and 

so it was abbreviated as pulsar.  So if you’ve ever wondered what a pulsar was, it’s a 

spinning neutron star that is visible because it’s got hot spots on it that are flashing at us 

as it spins.  Those hot spots are visible not only in the visible part of the spectrum, but 

they’re visible in the infrared.  Sometimes they’re visible in x-rays.  But mostly they are 

visible in the radio part of the spectrum.  And so at the bottom of this side is a radio 

measurement of how bright the pulsar is with a radio telescope.  So these are radio 
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measurements showing that there’s a pulse twice every 33 seconds. 

 Here’s another supernova.  This one occurred thousands and thousands of years 

ago.  We have no idea.  Probably 50,000 years ago.  But when you photograph that part 

of the sky, you can see this very round looking cloud.  And I think with your eye you can 

almost pick out the place in the middle where there should be a neutron star.  

Unfortunately, we’ve never been able to find one.  There may be a neutron star, but it’s 

not observable as a pulsar.  It’s never been located, so all we have is the cloud.  But it is a 

supernova remnant.  That’s what we call them when we see this cloud left over.  It’s the 

remnant of a supernova explosion. 

 Here’s another one.  This is Tycho’s supernova, the one he saw in 1572.  He 

marked on his charts exactly where it was.  You look today?  Now, this doesn’t look like a 

normal photograph.  It’s actually a radio image.  Use a radio telescope, you can pick it up 

quite nicely.  It doesn’t show up very well visually.  And so you can see this round object 

that’s blowing away from the supernova that went off in 1572.   So we can see the 

results.  We can see the material coming out. 

 This is the supernova 1987.  This is what it looks like now.  It went off only 15 years 

ago and today it’s a cloud with three rings.  It’s an odd looking explosion.  It appears, 

because there’s more than one ring, that the explosion was just the last and final 

explosion that apparently some material had gotten blown off before it became a 

supernova.  So it seems that stars go through complicated business.  Even when they 

completely blow up as supernovae, some of the material will come out initially almost as if 

it’s gonna become a planetary nebula, I guess, and then the star can completely blow up 
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as a supernova and that’s the final explosion. 

 And so what we have is a very complicated mess.  And down at the bottom it 

shows you several images taken in 1994 and ‘95, showing you that the central region — it 

may not be too obvious on there — the central region is actually changing a bit as time 

goes on.  And one of the latest images of this supernova is here.  The arrow is pointing to 

a bright spot way away from the supernova in the middle.  The actual explosion is right in 

the middle.  Remember it’s only 15 years old, so it’s a small cloud coming out.  But it has 

this ring around it that seems to be material that came out a long time before and in the 

ring are a couple of bright spots.  The material has hit something maybe.  We don’t know.  

Maybe some poor planet?  Nah, I don’t know.  I have no idea.  But there’s something out 

there that the material has run into creating a bright spot.  So even a very recent 

supernova that was observed by thousands of astronomers is now beginning to show 

interesting patterns after some years. 

 One interesting point, we still do not see any pulsar in the center of this object.  

There’s nothing visible.  There’s no obvious neutron star that we can point to and say, 

“Okay, there it is.”  It may be there but we are not seeing any blinking or any radio blinking, 

or anything else.  It’s just not visible yet. 

 This is what we think the neutron star looks like after the explosion.  Now, this is 

kind of a complicated picture and I hesitated even to show it to you.  But the little gray disk 

in the center is the neutron star, 15 miles across.  As it collapsed in, it pulled a lot of the 

magnetic field with it.  Now, I mention that in the crab nebula a lot of the magnetic field 

went out with the explosion.  But some of the magnetic field that was down in the star got 
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pulled in with the core.  Well, if you take a magnetic field that was originally the size of the 

Earth and you squeeze it down to the size of Springfield, you make that magnetic field 

very concentrated.   

 And so here is a little tiny neutron star with a very dense magnetic field.  And so the 

bar sticking out shows you the poles — or the equator, actually — of the magnetic field 

and you see the magnetic field lines around it.  As this star spins, hot spots that are 

caused by the magnetic field zip around.  If the hot spot happens to point in your direction, 

you will see a flash.  If it happens to be giving off radio waves, which is very common, you 

can produce radio waves by rotating a magnetic field — and this is a magnetic field being 

rotated very quickly.  So this kind of a star literally is like a radio station, producing radio 

waves that are then sent out in beams in specific directions.  If you happen to be pointing 

or in the direction of the beam, you will see a blast of radio waves every time it rotates. 

 And so we pick up these pulsars with radio telescopes very easily and once in 

awhile even with visual telescopes or x-ray telescopes or infrared telescopes because 

they’re also giving off other kinds of radiation.  But it’s just a small, dense object, solid 

neutrons, spinning away.  When it stars out, it’s probably spinning 100 times a second 

and it’s slowing down.  Why is the star slowing down?  Because it’s giving off all this 

energy and it’s using it up.  It’s getting the energy to give off the radio waves of the visible 

light from the magnetic field and the spin.  And so as it uses up its energy, it’s using up the 

spin and so it slows down.   

 The crab nebula pulsar is rotating 33 times a second.  We estimate it started out 

100 times a second.  It has now slowed down to 33 times a second.  If we could watch it 
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for thousands of years, it would only be going around 10 times a second, then 5 times a 

second, and after awhile be going around once a second, then once every couple of 

seconds.  But the slow it turns, the weaker the radio waves are coming out because it’s 

the spinning that produces the radio waves.  So as pulsars get older — which means a 

longer time from the supernova — the weaker they get. 

 So the strongest ones are the ones that are rotating the fastest and we pick up lots 

of those around the galaxy.  There are hundreds, probably thousands by now, of neutron 

stars as pulsars that have been cataloged.  We see them all over the sky.  They are the 

leftovers from all those supernova explosions that have gone off.  Is that the last slide?  

Okay. 

 We didn’t come up with this whole thing all of a sudden.  This theory of how stars 

explode and what happens at the center and everything has actually been pieced 

together probably over the last 70 years.  In the 1930s, once physicists were able to 

calculate nuclear fusion reactions inside stars, they realized that at some point you’re 

gonna run out of fusion.  You’re gonna run out of fuel.  Something’s gonna happen.  And 

so when they did the calculations, they realized that the core would collapse and that a 

thing would form in the middle that was made out of neutrons. 

 But they also realized that after the explosion this thing in the middle would only be 

10 or 15 miles across, and so they thought, “Ah, we’ll never observe one of those.  It’s too 

small.  That’s the size of an asteroid that might be thousands of light years away.  No 

chance for ever observing it.”  And so even though it was calculated to exist back in the 

1930s, neutron stars were thought to be impossible ever to see.   And the same thing for 
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black holes — that’s even worse.  Black holes are black.  At least the neutron star might 

be glowing a little bit, but since it’s so small no chance of seeing it.  But a  black hole?  

Forget it. 

 So although the theory was there, nobody ever expected; to see these objects.  It 

wasn’t until the 1960s that an astronomer looking for something totally different happened 

accidentally upon pulsars.  A radio astronomer was looking for objects that varied quickly 

with radio waves and she discovered that there were objects that were pulsing radio 

waves -- some a couple of times a second, some of ‘em every three or four seconds -- and 

these objects were out in space.  At first people thought, “Whoo, maybe it’s a message 

from them,” you know?  It’s a signal.  But when they looked at the radio waves there was 

no signal.  It was just literally static, radio static.  So it was just some object giving off a 

blast of radio waves. 

 And so it took actually several years for people to study these pulsars and 

conclude that they were neutron stars, that what they were seeing was the rotating 

neutron star with its magnetic field giving off radio waves and visible light.  And the way 

they pieced that together was they found that one in the crab nebula.  They already knew 

that was a supernova and so they knew what should be at the center.  And they pointed a 

radio telescope at the crab nebula and sure enough, there was a pulsar right in the middle 

of it. 

 And so all of a sudden what pulsars were and neutron stars became the same 

thing.  And so it was pieced together.  And so since about 1972 or something like that, we 

have realized that pulsars are visible neutron stars.  There are probably many invisible 
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neutron stars.  If they’re giving off any radio waves or visible light, maybe the beam is not 

pointing at us so we never see ‘em.  Or maybe they’ve slowed down to the point where 

they’re not visible anymore.  In any case, we’ve cataloged 1000 of ‘em probably.  They’re 

all over the sky.  Some of them we can connect with supernova explosions.  There’s still a 

cloud around them.  Others are too old.  The cloud has blown away into space and so all 

you see is this little pulsar, blinking away, but it’s the leftover dead object. 

 Now, we’ve actually found evidence for the black holes.  Not by themselves.  It 

turns out that a lot of stars in the sky are double stars.  In fact, about 50 percent.  Half the 

stars in the sky are in pairs and half of ‘em by themselves.  The Sun happens to be by 

itself so it’s a single star.  But half the stars in the sky are actually in doubles.  They go 

around each other.  In fact, you saw in the crab nebula that there were two stars.  One of 

‘em was a pulsar.  What was the other one?  Probably a normal star.  It might be a double. 

 Sometimes you see in planetary nebulae two stars near the center.  One is the 

dead core, the other just might be a companion star.  And so you could expect that when 

stars go supernova — they go “boom” — sometimes it’s a big shock to the other star that’s 

going around with it.  I think it would be.  But the two stars might still continue to go around 

each other.  The orbit might get changed because suddenly one stars blows a lot of its 

material away, but they might still stay in orbit.  So what you’ve got is a normal star and a 

neutron star — or, in the rare case, a normal star and a black hole going around a normal 

star. 

 Those cases become visible because all normal stars have stellar winds.  The Sun 

has a solar wind.  Material is blowing out from the Sun all the time, just blowing through 
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the solar system.  We see it because it makes the tails of comets point away from the Sun.  

But every star has a wind of material blowing away from it.  But if you’ve got a double and 

one of the objects is a black hole going around the normal star, then as that wind comes 

out of the normal star and blows by the black hole, some of that material falls onto the 

black hole.  Or, if it’s a neutron star going around the normal one, some of the material 

falls onto the neutron star.  Well, what happens when that happens?  It becomes an x-ray 

source.  The material falling onto a neutron star or onto a black hole falls in so fast — 

because the gravity of these objects is so high — that as the material falls in, it 

accelerates, speeds up, starts giving off x-rays. 

 And so we’ve discovered that all you have to do is look around the sky for normal 

stars that have x-ray sources going around them in orbit.  And there are a lot of ‘em.  A 

whole bunch of x-ray sources going around normal stars.  And how do you get x-rays 

elsewise?  It’s very hard to do.  The only way is the materials falling onto a very dense 

object.  So we have found probably over 100 x-ray sources in double star systems where 

one object is going around a normal star it’s either a neutron star or a black hole.  

 How do you tell ‘em apart?  It’s a double star.  You use Kepler’s laws to determine 

the orbits and to determine the masses.  If the mass is 1.3 times the mass of the Sun, it’s 

probably a neutron star because most of ‘em have that mass.  If it’s 10 times the mass of 

the Sun, it’s not a neutron star.  The highest theoretical mass possible by any calculation 

for a neutron star is about 3 times the mass of the Sun and that may be an overestimate.  

It may actually only be 2-1/2 times the mass of the Sun because the neutrons can’t stand 

any more gravity. 
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 So if you find an object going around a normal star, giving off x-rays, and it’s 10 

times the mass of the Sun, you’ve just found yourself a black hole.  And we’ve found quite 

a few of ‘em.  We don’t see the black hole, but we see the x-rays coming from ‘em.  So 

we’ve identified the neutron stars and we’ve identified the black holes, and we of course 

have identified lots of white dwarfs. 

 That’s it.  Good luck on Monday. 

 

  


