
ASTRO Lecture 39 1 
 
 We’re gonna continue our discussion today of stellar spectra.  I wanted to go back 

to the overhead that we had yesterday.  This is that color picture showing all the different 

kinds of spectra from O type down to M type, and you see that there is a nice variation in 

the positions of the lines that was worked out by shuffling the spectral types so they seem 

to fit together right.  But when Annie Cannon did this, she wasn’t exactly sure why the 

spectra fit together the way they did.  It seemed to be a smooth progression from one 

spectral type to the next, but it was sort of an ad hoc thing.  She had just rearranged it to 

look right. 

 It wasn’t until some years later that a theoretical reason became available and that 

theoretical reason was first worked out by Cecilia Payne Gaposhkan.  Now, who was 

Cecilia Payne Gaposhkan?  She was another astronomer at Harvard.  Now I mentioned, 

when I talked about Annie Cannon, that she was not allowed to be a real astronomer at 

Harvard.  She had to be an astronomer’s assistant.  Well, when the 20th century began, 

scientists got a little bit more realistic and started to allow some women into astronomy.  

And so by the 1920s there were astronomers who were women and Cecilia Payne 

Gaposhkan was the first woman to be able to get a Ph.D. at Harvard in astronomy.  So 

she sort of broke the ground for a lot of other women. 

 But the reason that she got her Ph.D. — in other words, the research she did to 

earn it — was to figure out why those spectral types were in the order that had been seen 

but not understood.  Annie Cannon had been able to arrange them and said this looks 

logical, but why?  Cecelia Payne Gaposhkan showed that it was a temperature variation.  

Theoretically doing calculations, she showed that if you have a very hot star, the spectrum 
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will look like the spectrum of an O star.  Why?  Because the atmosphere is so hot that 

most elements can’t produce any lines.  The elements are so hot they don’t have their 

electrons in the right orbit to absorb photons so most of the light just goes right on 

through. 

 And so you have very, very few lines in the spectrum of an O star.  So those are the 

hottest ones.  Then, if you have a cooler atmosphere — not quite as hot as that for an O 

star — then you have helium being able to produce lines.  Since helium can hold onto its 

electrons better than any other element, it can actually produce lines at a fairly high 

temperature.  So B stars have helium lines because the helium is able to produce lines 

and B stars have a slightly lower temperature than O stars. 

 And then you can go to A stars.  Hydrogen is able to produce its lines in an 

atmosphere of a star best around 10,000 degrees and that’s cooler than a B star.  B stars’ 

temperatures are around 20,000.  O star spectra are 30,000 and up.  And so when you 

get down to a 10,000 degree atmosphere, hydrogen lines are very strong because 

hydrogen is able to produce lines at that particular temperature. 

 So what Cecilia Payne Gaposhkan realized was that these spectra looked different 

not because there were different elements in the stars, but because the temperature of 

the atmospheres were different.  In fact, when she did the calculations and figured out 

how the lines would change with various temperatures, what she realized was that most 

of these stars had the same elements in them.  There was almost no difference in their 

composition.  The fact that helium lines showed up in one star and calcium lines showed 

up in another has nothing to do with the fact that there’s a lot of helium or a lot of calcium.  
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It has to do with what the temperature of that atmosphere is. 

 And so she worked that out and realized that this order that astronomers already 

realized seemed the logical order for the spectra was in fact the order of temperatures 

from hot to cool.  Yeah? 

 [Inaudible student response] 

 Okay.  That’s a good question.  Helium can produce its best lines somewhere 

around 15,000 degrees.  If you cooled the atmosphere down more than that, down to 

10,000 degrees, helium is no longer very good at producing lines when it’s too cool.  So 

some elements like a specific temperature range.  Helium likes it pretty hot, 15,000 

degrees, and it will produce lines.  Hydrogen likes more around 10,000 degrees and it will 

produce lines.  But you don’t see any lines of calcium at 15,000 degrees.  You hardly see 

any at 10,000.  Calcium prefers a temperature more like 6,000.  And so when you get a 

temperature around 6,000, calcium lines are all over the spectrum but there are no helium 

lines noticeable.  The temperature is actually too cool for helium.  And hydrogen lines are 

not very good because hydrogen prefers a higher temperature. 

 So you get a different set of lines because each element produces its lines best at 

a specific temperature and they’re not all the same.  And, in fact, that’s why the spectra 

look different and that’s how we can tell what the temperature is.  I can look at one of 

these spectra — I can take a spectrum of a star, I can see which lines show up int he 

spectrum, and I can determine its temperature because I know which temperature the 

lines should show up at. 

 And so astronomers still look at spectra, still see which lines are in the spectrum — 
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hydrogen, helium, calcium, iron.  They still go through that same classification they went 

through in 1900 when they were setting up the Henry Draper Catalog, but now they know 

why they’re doing it.  In 1900 they were putting spectra in different piles because they 

looked different, but they thought they were putting them in different piles because the 

stars had different compositions.  Now they realize that’s not true.  Stars have essentially 

the same composition from one to another.  Those different piles were different 

temperatures.  And so we use spectral classification for getting temperatures. 

 Now, the spectra classification has become a little bit more sophisticated than just 

letters.  O, B, A, F, G, K and M are just the rough letterings that separate those spectra.  

When you get down to detailed classification, as I hinted yesterday, you have to kind of 

use numbers in addition.  So, for example, the hottest spectrum you are likely ever to 

see — when you look at spectra of stars — the hottest spectrum is going to be what we 

would label an O3.  So it’s O being the hot spectra but we give it a number as an additional 

designation.  It’s sort of a refinement.  It’s a sub-category.  A star that’s just a little bit 

cooler than O3 would be O4.  One that’s a little bit cooler than O4 would be O5.  And you 

change the number down to O9 and then once you get to O9, if you have a star that has a 

slightly lower temperature than that, you go to the next letter which is B.  But then you’ve 

got to start your numbers over a nd the numbers start with 0.  This may be a little confusing.  

You might think, “Well, they should start with 1.”  But they wanted to have ten subdivisions 

for each spectral type and they didn’t want to have to use the number 10 ‘cause that’s a 

two-digit number.  And so they started with 0 so they could from 0 to 9. 

 So then you have B0 and B1 and B2, and the temperature gets lower so now we’re 
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talking about temperatures in the 20,000s of degrees.  And we get all the way down to B9 

and we’re talking about a temperature somewhere around 11,000, 12,000, someplace in 

there.  And then the next lower temperature you shift the letter and it becomes A0.  So a 

B9 spectrum and an A0 spectrum look almost the same.  You have to look very carefully 

to see the little bit of difference.  But a B0 spectrum and a B9 spectrum look pretty 

different.  So it might seem kind of odd that you can have two stars that both start with B 

for their classification but they would look kind of different, and yet B9 and A0, two 

different le tters, would be almost the same.  It’s because it’s really a continuum.  It’s really 

just a slow change in temperature from very hot to very cool.  But since they started off 

with that classification of letters, they’ve hung on to it. 

 This is another case where astronomers could’ve started over again, redone the 

way they were gonna classify spectra, but they didn’t.  They kept the old system just the 

way we kept the old magnitude system, even though it didn’t seem to work very well, and 

they had to adjust it.  They adjusted the spectral classification system, still used the letters 

that they’ve started out with — A, B, C, D -- rearranged them and then jammed ‘em 

together with numbers.   

 When you get to the coolest stars, you’re down to M9.  M9 is somewhere around 

2,000 degrees.  That’s pretty cool.  It’s about the temperature of the lightbulbs over your 

head.  It’s still hot.  You wouldn’t want to put your hand on that lightbulb, but it’s relatively 

cool for a star.  Remember the Sun is 6,000, so 2,000 is p retty cool.  An O3 is about 

50,000 degrees.  That’s pretty hot. 

 Now, you might wonder — it might cross your mind, why isn’t there an O1 and an 
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O2?  Wouldn’t that really be more logical?  Well, it would be, yes.  But they started out the 

whole spectral classification with A, remember that?  The letter A.  And they tagged on B 

and O on one side and then F, G, K and M on the other side to put them in temperature 

order.  Well, they had never classified that many O stars because you can hardly see any 

difference in the spectrum.  An O9 and an O8 are pretty close to each other.  It’s kind of 

hard to tell the difference.  And an O7 is pretty close to an O8.  Well, if you keep getting to 

higher and higher temperatures, you have fewer and fewer lines.  You have a point where 

there is no change in the lines.  There aren’t any. 

 And so you’d like to have a higher temperature O2 or O1, but literally you can’t see 

any difference in the lines.  And so, yes, there probably are stars that should be classified 

as O1, but their spectra look identical to O3 and so we just can’t use it.  We can’t see any 

difference in the spectrum so we can’t give it a different number.  And so when you get up 

to O3, that high temperature, it doesn’t work anymore essentially. 

 There are other minor things that astronomers know about with this listing that we 

don’t usually tell students.  For example, you think every one of these spectral types has 

numbers from 0 to 9, right?  That’s the way I listed it up there.  I think I did, anyway.  We 

never use K9.  It’s sort of a dummy classification.  It doesn’t work.  Anybody who is 

thinking of using K9 would use M0 because K9 was too much.  We didn’t need it.  It was 

actually an extra class that — you know, we didn’t need 10 of ‘em for K.  There’s not 

enough temperature change. 

 And so astronomers never use K9.  It might be listed up on the screen there, but 

you’ll never see a star with that designation.  Or K8 or K7.  I’ve seen K6, but then the next 
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temperature is kind of M0.  So there are places where it doesn’t quite work but we don’t 

bother students with those little details.  You might also notice in looking through the book 

that a particular star might be labeled as B0.5 and that’s because 10 subdivisions in the B 

section aren’t really enough.  And so astronomers realized that between B0 and B1 was a 

couple of thousand degrees.  Well, what if there’s a star that’s halfway in-between?  So 

we call it B0.5.  So it gets a little more complicated than you want to know about.  If you 

just remember the general sequence, though, that’s good enough. Hot to cool from 

about 50,000 down to about 2,000. 

 Okay.  We have a couple of other things that we wanted to know about as far as 

stars are concerned.  One thing I’ll only spend a couple of minutes mentioning is the  

motion of stars.  Do stars move?  Yeah, they do move.  They move in two ways that we 

describe.  Now, they’re moving.  They’re moving off in some direction.  We don’t know 

which way offhand.  We have to measure it.  Any particular star could be moving toward 

us or away from us or at an angle, right?  It could be moving in any old direction.  

Three-dimensional space, the star could be moving any old way. 

 We usually divide it up into two motions, however: the motion we can see in the sky 

sideways and the motion that is toward or away from us.  Now, in reality, if a star is moving 

this way and away — I mean, it’s really moving off at an angle.  But we would measure its 

motion sideways, we would measure its motion away, and we would then have to 

calculate those two as a motion away at an angle.  You can’t measure the motion away at 

an angle.  You can measure the sideways motion because that’s what you see as a 

changing position in the sky. 
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 So we have what we call proper motions.   This is motion sideways across the sky 

for any particular star.  All stars are moving but they’re so far away because they’re light 

years away you don’t notice that motion for a long time.  So here’s an example of the Big 

Dipper.  Now, in the center you see what it looks like today.  On the left you see what the 

Big Dipper looked like 50,000 years ago.  Notice it really doesn’t quite look the same.  It’s 

changed.  Notice what it’s going to look like in 50,000 years. 

 Now, it’s subtle.  You actually have to look at that dipper and see the little changes.  

The handle bends a little bit more.  So it’s not a big change.  And yet I’m showing you 

changes over 50,000 years.  This is not something you’re going to see during your lifetime.  

Essentially, the constellations that ancient Egyptians saw are the same constellations we 

see today because the changes over a few thousand years are not that big.  Over 50,000 

years they become significant.  Over 100,000 years they’re major.  Over a few hundred 

thousand years the whole sky has changed.  But it’s a long process because stars are far 

apart and they move slowly across the sky. 

 And we refer to that motion across the sky as proper motion, not because the word 

has anything to do with propriety.  There isn’t improper motion for stars.  It’s actually an 

Anglicization of French.  The word “propre” in French means its own motion.  In other 

words, this is the actual motion of the star itself.  And so it just got turned into an English 

word, but it means its own motion.  On the sky, change on the sky. 

 Now, the other motion that we can measure is a motion toward or away from us.  

And we’ve already talked about that.  That’s the Doppler shift.  That’s the shift in a 

spectrum, shift in the position of the lines in the spectrum, because a star is going away or 
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it’s coming toward us.  And we can measure how much the lines are shifted and that tells 

us how fast the star is going away or toward us.  So if we know the sideways motion and 

we know which way it’s going, toward or away from us, we measure sideways with a 

photograph, we measure toward or away from us from a spectrum, and we then get the 

complete motion of those stars.  So we’ve been able to catalog the motions of hundreds of 

thousands of stars around the sky, so we pretty well know how all the stars are moving 

through the galaxy.  It’s not a very exciting business but it’s happening. 

 Astronomers also wanted to check whether there were any relationships between 

one property of a star and another.  Now, I think there was a question asked in class.  

Someone asked if the brightness of a star had anything to do with its temperature.  Well, 

it seems logical that if you have a hotter star you’re going to have a brighter star.  Because 

if I make the lightbulbs hotter, they become brighter.  That’s just a property of light.  And 

so you would expect something like that.  But as I mentioned, there’s also the possibility of 

different sizes for stars and so you have to take that into the equation. 

 Well, astronomers began measuring spectra of stars around 1900.  They began 

calculating the absolute magnitudes for stars around 1900 because they had parallaxes 

for stars and could figure out how far away they are.  And from knowing their distance, 

they could calculate how bright they really were.  And so they started checking whether 

there was any relationship between how bright stars really were, their absolute 

magnitudes, and their temperatures.  And so one easy way to do that is to plot a graph of 

temperature and absolute magnitude and see if it makes any sense. 

 And so here is a graph of temperature and absolute magnitude.  And this particular 
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graph is referred to as the Hertzsprung-Russell diagram.  Why is it called that?  Because 

Hertzsprung and Russell were the first people to make that graph.  A Danish astronomer 

named Hertzsprung thought about whether there’s a relationship between temperature 

and brightness and Russell, an American astronomer, was thinking about the same thing 

at about the same time.  And so independently they both plotted up a graph and published 

it, not knowing the other one was working on the same thing, and so both publications 

came out.  Astronomers realized that there was some relationship between temperatures 

and brightness, and so they gave them both credit for coming up with this graph and they 

refer to it as the Hertzsprung-Russell diagram.  Hertzsprung-Russell is a long word.  You 

know, you have to keep saying that and it’s many syllables, and so we usually just call it 

the H-R diagram for Hertzsprung and Russell.  H-R diagram. 

 So what do we have here?  We have a plot of stars.  Notice the temperature scale 

across the bottom.  Notice the spectral types across the top. So you can use either the 

spectral type or the temperature.  And notice on one scale on the right absolute 

magnitude.  That’s how bright it looks at 10 Parsecs away.  And on the left there’s actually 

a scale compared to the Sun.  A lot of times we want to know how things look compared to 

the Sun.  So on the left scale is the brightness of these objects compared to the 

brightness of the Sun. 

 So what you have is a graph that has two different scales on both axes.  And the 

Hertzsprung-Russell graph can be drawn this way.  You can use any one of these axes.  

You can even use other ones.  Instead of putting temperature or spectral type, I could’ve 

put color.  Blue on the left, red on the right.  In fact, if you look at the drawing, you see that 
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astronomers kind of did that.  The stars on the left they made blue and the stars on the 

right they made red.  So they even stuck the color in there as an extra. 

 What we’re plotting here, though, is basically temperatures of stars, the outer part 

of the star, the atmosphere, versus how bright the stars are.  And notice that there is a 

line — it may be a little hard to see on this drawing because most of the dots are white.  

There’s a line that runs from the upper left on the graph down to the lower right on the 

graph.  It’s not a straight line.  It’s kind of a curved line.  And you’ll notice that since these 

are plots of actual stars, there’s a little bit of variation because different stars are not as 

accurately measured as others.  We think we know the parallax of all these stars but 

some of ‘em might have an error.  So you plot ‘em on the graph and they don’t all come 

out in exactly the same spot, but there are also differences from star to star. 

 And so you have a graph that shows that there is a trend with temperature.  The 

hot stars in general are brighter — remember absolute magnitude.  Negative numbers are 

very bright.  Also on the left scale you see that some of those stars are 10,000 times 

brighter than the Sun.  I wouldn’t want to have those near us.  If you replaced one of those 

stars for the Sun, we’d be fried.  But there are stars that are 10,000 times brighter than the 

Sun, but there are also stars like that one down at the bottom there named Proximus 

Centauri that is only one 10,000th of the brightness of the Sun.  So if it were where the Sun 

is, we’d all freeze to death. 

 So these stars vary tremendously in their actual brightnesses and they vary pretty 

tremendously in their temperatures.  Notice they didn’t bother to plot 50,000 degrees.  

That would be right at the edge of the graph but they didn’t bother to put the number in.  
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So on the left side of the graph, temperatures change very fast going from early O to O9.  

Notice that’s all squeezed into one little section.  But that temperature range goes from 

about 50,000 down to 30,000, so this is not a linear scale.  This graph is plotted in a very 

strange way.  It’s not the kind of graph you would do in a math class.   

 First of all, the high temperatures are on the left near the axis.  The low 

temperatures are on the right.  Usually when you plot a graph you go from 0 up.  This 

graph is plotted from hot to cool which seems backwards.  Frankly, it is backwards but 

that’s the way it was published in 1910.  So that’s the way astronomers still do it.  Once 

you put it down, you’re stuck with it. 

 Now, why did they do it that way?  Because of the spectral types.  Remember they 

rearranged the letters to go O, B, A, F, G, K, M?  So they put the stars in that order on the 

graph.  They were doing what they thought they were doing right, putting the stars in 

some order on the graph.  But it turns out that that’s not the standard way of doing 

graphing.  But it’s stayed that way.  So this is the way the graph always shows up. 

 Now, on this graph you will notice that right here there’s some big stars.  In fact, 

they’re plotted on the graph as gigantic dots.  That is not an accident.  Those stars are 

very cool.  Notice their temperature is only about 3,000 degrees, but they are enormous.  

They’re extremely large and so they are still very bright.  Now, I say “extremely large.”  

How large do I mean?  I mean, if you look at the graph right at the top, 1000 times the 

diameter of the Sun.  The Sun is almost a million miles across.  These things are 1000 

times larger.  That means they are a billion miles in diameter. 

 Now, if you try to digest that size, that is the size of Jupiter’s orbit.  So this is a star 
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with an atmosphere that is out at Jupiter’s orbit.  It’s a big star.  By plotting it on this graph 

it becomes obvious that you have very cool stars that are very bright, but they’re very 

bright only because they’re extremely large.  You also have fairly hot stars -- 20,000 

degrees, 10,000 degrees — that are down near where that Sirius B star is.  Notice it’s 

pretty low down on the graph.  There are little white dots there where it says Sirius B.  

Probably didn’t even notice them.  They are hot stars, hotter than the Sun, 10,000 

degrees, and yet they are only a 100th as bright as the Sun or even 1000th as bright.

 Why is that?  Because they’re extremely small.  How big are they?  The size of 

Mars, the size of the Earth.  Here are stars that are the size of small planets. 

 And so we have a range of objects here on this graph that’s enormous.  From 

objects that are 50,000 degrees down to 2,000, objects that are the size of Mars up to the 

size of Jupiter’s orbit, and their brightnesses range from over 10,000 times as bright as 

the Sun down to objects that are only one 10,000th the brightness of the Sun.  So on this 

one graph we can see the complete range of star properties.  

 Stars are not all the same.  When you look up at the sky at night and you see a 

bright star and you see a faint star, those are really different kinds of stars.  Some are 

extremely small, some are extremely large.  A lot of ‘em are in-between like the Sun.  

That’s why the Sun is average.  If you average one 10,000th and 10,000, you come out 

with the Sun.  It’s kind of like weather in the Ozarks, you know?  The average temperature 

is 50 but today it’s 70 and tomorrow it’s 30.  Averages to 50, but that doesn’t mean they’re 

all 50 degree days. And so what you have is a tremendous range in star properties 

averaging to something like the Sun. 
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 Now, this graph gets used over and over.  I think there must be 20 of them in the 

book.  The H-R diagram is the most popular graph in astronomy.  So what you’re looking 

at is the graph of graphs as far as astronomers are concerned.  Plotting the temperature 

and the brightnesses for stars is what astronomers do a lot of.  Because on that one graph 

I can show you the different sizes.  Notice the lines running diagonally across the graph, 

those straight lines running at an angle.  They are showing you the differences in size.  So 

the line that runs right near the Sun is showing you stars that are the size of the Sun.  1R 

Sun means one radius of the Sun.  So it’s the size of the Sun.  10R Sun means 10 times 

the radius of the Sun.  100R Sun is 100 times the radius. 

 So on this graph I can show you the temperatures of the stars, I can show you the 

brightnesses of the stars, and I can show you the sizes of the stars.  And I can even put 

their names down so you can see which one I’m talking about.  And so here you’ve got 

Betelgeuse and Rigel — remember Betelgeuse and Rigel in the constellation of Orion?  

Notice they’re both up at the top of the graph.  They are both over 10,000 times brighter 

than the Sun.  But Rigel is hot and Betelgeuse is cool.  Rigel is relatively small — I say 

“relatively” because it’s still much bigger than the Sun, but it’s only, what, 100 — well, 50 

times bigger than the Sun. But Betelgeuse is the size of Jupiter’s orbit.  And so there are 

very different kinds of stars.  Even though when you look up at the sky into the 

constellation Orion, they both look about the same brightness.  The only difference you 

would notice is Betelgeuse looks a little redder, Rigel looks a little bluer, but they are very 

different kinds of stars.  The only thing they have in common is they’re both extremely 

bright. 
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 Now, I’m going to show you another H-R diagram that has essentially the same 

axes, but looks very different the way it’s plotted.  Notice that they didn’t even bother to 

put up any red stars so it’s not really plotted the same way.  You’ve got the same axes, 

you’ve got the spectral class at the top, temperatures at the bottom.  This is just a different 

graph, same idea.  But what are these numbers?  These have little numbers that are just 

numbers next to various stars.  These are the numbers for the masses for stars.  We 

haven’t talked about how much mass each star has. 

 How much material is in a star?  All of these numbers are compared with the Sun.  

So on the graph you see the Sun marked and it’s marked with a 1.  Because the Sun has 

the Sun’s mass so it’s 1, 1 mass of the Sun.  Notice that there’s a line drawn that goes 

from .1 times the mass of the Sun up through .5 and then 1, and then up through 10 times 

the mass of the Sun, all the way up to 100 times the mass of the Sun.  There’s a 

relationship not only between temperature and brightness, but between brightness and 

mass or between temperature and mass.  Depends on how you want to look at it. 

 As you go up that main line that runs diagonally up the graph, from the lower right 

to the upper left, you’re going up in mass.  What that’s telling us is that stars that have 

more mass are hotter and brighter.  They’re bigger, meaner stars.  You put more material 

in a star, it can do more.  And so if you’ve got a star with the mass of the Sun, it can be a 

certain brightness.  It can have a certain number of fusion reactions ‘cause it’s got a 

certain amount of gravity to hold itself together and to do those things.  You give a star 10 

times as much mass, you’re giving it 10 times the gravity.  That means it can squeeze the 

center harder, which means it can make the temperature hotter, which means it can have 
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more fusion reactions, which means it’s gonna be hotter and brighter.  You give another 

star only one-tenth as much mass, the one down in the lower right, it doesn’t have as 

much gravity, it can’t squeeze the center as hard, and therefore the temperature doesn’t 

get as hot in the center, doesn’t have as much fusion, and so it’s cooler and fainter. 

 So it all starts to make sense when you look at the masses of the stars.  It’s the 

mass of the star that determines what it’s like.  That’s the key ingredient that makes the 

star what it is.  We have all sorts of properties but what’s causing what?  When it comes 

right down to the nitty-gritty, it’s the mass of the star that determines what kind of star it is.  

If you have a very massive star, 100 times the mass of the Sun, notice where it’s plotted: 

the hottest, brightest star on the graph.  Because those are big, mean, nasty stars that are 

having a tremendous amount of fusion going on in their centers so they’re producing a lot 

of energy, a lot of gamma rays.  The temperature at their surfaces is very hot and they’re 

very bright.  And yet at the other end you’ve got puny little red stars that you couldn’t warm 

your hands on because they’re just not very excited.  They don’t have much mass, they 

don’t have much gravity, they don’t have much fusion going on at the center, and so 

they’re not very distinguished. 

 Now, which star is the most common?  Which would you think was the most 

common kind of star in the sky?  Stars like the Sun?  Big, hot blue ones?  Little cool red 

ones?  What would you think?  Here’s a plot of the numbers of stars versus various 

properties, and I think without too much staring you can tell which is the most common 

star in the sky.  The little red puny stars.  Stars that have one-tenth the mass of the Sun or 

half the mass of the Sun.  They are just not very bright.  They’re not very interesting, but 
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they sure are average.  They sure are everywhere. 

 Most stars in the sky are small red low mass stars.  You don’t see ‘em.  Almost 

none of them — in fact, I can’t think of any offhand — are visible to the eye.  When you 

look up at the sky at night, you are not seeing any of those stars that are on that red 

section of that graph there.  They’re all invisible.  They’re all the ones you see through 

telescopes.  They’re all the ones you see in photographs of the Milky Way.  They’re long 

exposure.  So they’re all out there but they are not the ones you notice. 

 The ones you notice are Betelgeuse, Rigel, the big bright ones, but they’re very 

rare.  Notice where it says supergiants there’s not even a bump.  Supergiants are the big 

stars.  There are so few of them there’s not even a bump on the graph.  They are rare.  

One star out of 10,000 maybe.  And so when you look up at the sky at night, you are not 

seeing the average population of stars.  You are seeing the big, bright, exciting ones.  

Your Joe Average is invisible to the eye. 

 The Sun sort of in the middle, it’s in the G range there — you might wonder what 

the spectral type of the Sun is.  It’s G2.  Temperature around 6,000 degrees is G and the 

Sun technically is 57000 Kelvin, and so it’s G2.  G0 would be about 6,000.  But there are 

fewer and fewer stars, the hotter they are and the more massive they are.  Massive, hot, 

bright stars are rare. 

 And one reason we see so many of ‘em in the sky is because even though they 

may be rare, when they’re 10,000 brighter than anything else, they’re noticeable even 

halfway across the galaxy.  You might only have 50 of ‘em in the galaxy but you can see 

20 of ‘em in the sky.  You may have 500 billion of ‘em, of these little red ones, and none of 
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‘em are visible to the naked eye because they’re all too faint.  And so what you notice are 

the exceptionals, not the average. 

 Now, the last thing I want to mention are naming for stars.  Here’s another H-R 

diagram, again plotted differently.  And what I want to talk about, I can plot it 100 different 

ways.  But again, pretty much the same axis — whoops, can’t get that one.  That’s a little 

better.  Okay.   

 We use interesting words to describe stars.  Notice up at the top there it says 

supergiants.  That’s an interesting word.  Giant, supergiant.  It sounds like we’re reading 

stories for kids, huh?  The supergiant came along.  Well, astronomers got so excited 

about the fact that some stars are as big as the orbit of Jupiter they had to have a word for 

it and supergiant sounded pretty good.  So we call stars that are that big supergiants. It’s 

an official term. 

 Now, stars that are only as big as the orbit of the Earth — I mean, they’re big.  Or 

as big as the orbit of Venus.  They’re big but they’re not supergiants so we call ‘em giants.  

Sort of in the middle.  Now, you would think stars like the Sun being much smaller but 

being pretty average — notice that the Sun is with a whole bunch of stars.  You’d think 

they’d call them normal stars or something.  No.  They call them dwarfs.  So the Sun is 

officially a dwarf.  Little stars are referred to as dwarfs and the Sun is little enough that it’s 

got the name of dwarf. 

 Notice that there’s that line again running from lower right to upper left.  Since that 

seems to have so many stars on it, we give it the name main sequence.  It’s the main 

sequence of stars running across the graph.  So I can refer to the Sun as a main 
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sequence star.  That way I can at least avoid saying it’s a dwarf.  So a lot of times people 

will refer to the Sun as a main sequence star, which is normal size. 

 Notice that there’s another group that’s down at the bottom labeled as white dwarfs.  

Dwarf because it’s small, white because it’s white.  They’re fairly hot.  They don’t look 

yellow, they don’t look red, they look white.  And so it’s a special group of stars and these 

are the ones that are the size of planets, the size of the Earth, the size of Mars.  Extremely 

small. 

 So we have a lot of interesting names: from dwarfs up to supergiants.  Now, wha t’s 

not plotted on here, because you don’t see them labeled as much anymore, but there 

have been stars that were labeled pigmy stars.  They’re kind of sub-dwarfs.  Got all kinds 

of names for stars.  But I haven’t seen those used in literature recently, so I think it’s kind 

of fallen out of use.  I still do see some named sub-dwarfs, though.  So stars that are 

smaller than dwarfs are sometimes labeled as sub-dwarfs.  So we have some rather 

interesting names for stars. 

 Somebody was trying to come up with a name for stars bigger than supergiant but 

nobody has quite gotten a name that’s caught on.  They’re working on it, though.  I think 

they’re referring to them as hyper giants but it’s not a common term. 

 Okay.  We’ll continue this next week. 

 

 


