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 Okay.  Now that you know something about the basic properties of stars — at least 

most of you do — we’re going to continue discussing larger groups of stars.  The previous 

discussion had to do with individual star properties.  We’re now going to expand our view.  

First of all, we’re going to start talking about double stars.  So we’re not expanding a lot.  

We’re going from one individual star to two stars, or we might go to multiple stars because 

some stars are actually in groups of three or four but these are very small groups. 

 We’ll then begin discussing entire clusters of stars.  Those are bigger groups — 50, 

100, 500 stars — and we’ll even discover that there are some groups of stars tha t are 

thousands or millions of stars large.  And then if you add all those groups together, we’ll 

start talking about the entire Milky Way galaxy which has about 400 billion stars, give or 

take 100 billion.  Nobody’s actually counted ‘em so some guesses are better than others. 

But we have a lot of stars in the Milky Way galaxy.  So we’ll start off with doubles and we’ll 

end up talking about the whole galaxy as a group. 

 Binary stars or double stars, the same thing.  We use both terms.  Astronomers 

prefer the term binary star.  Binary means two.  But a lot of amateurs that look at stars look 

at double stars.  They prefer that term.  Either one — we use them synonymously.  We 

mix them up.  Sometimes I’ll refer to a double or sometimes I’ll refer to a binary.  Same 

thing.  So try to think binary and double as equal. 

 The first hint that there were such stars as double or binary stars came from an 

astronomer named John Mitchell.  This was back in the 1700s.  And Mitchell didn’t 

actually prove that there were any physically, but he sort of proved statistically that there 

should be doubles.  And the reason was that he looked around the sky and concluded that 
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if stars were just randomly distributed — if you just took a bunch of stars and threw ‘em up 

in the sky and they were randomly distributed around the sky — that those stars should 

have various distances from each other like a random distribution would have.  But he 

noticed when he looked at the actual distribution of stars there seemed to be more pairs of 

stars — in other words, stars that were very close to each other -- than you would expect 

from a random distribution. 

 Now, if you throw a bunch of stars up in the sky or a bunch of grains of sand on a 

table, every once in a while you’re gonna get a couple of ‘em that are pretty close to each 

other.  So you would expect some doubles regardless.  But what he did was do the 

statistics behind this and realize that there were too many coincidences.  Too many stars 

in the sky were very close to each other and then there were big empty spaces 

in-between.  And so he said, “This is not a random distribution.  A random distribution 

would not have as many very close pairs.” 

 So he said from statistical arguments only some of those pairs of stars in the sky 

must be real pairs.  It’s not just accidental, one star being close to another for random 

reasons.  They must be together as a double star or a binary star.  But he didn’t prove 

anything.  It was actually William Herschel who came along afterward -- around 1800, 30 

or 40 years later — and began to look at those apparent doubles to see if they really were 

together in the sky. 

 Now, you remember who William Herschel was?  He was the man who discovered 

the planet Uranus.  He was also the one who built large reflecting telescopes.  I’ve 

mentioned him in the past, but you may have forgotten.  Herschel was one of the most 
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famous astronomers of the 18th and 19th centuries.  Because he discovered the planet 

Uranus he became instantly famous.  Fame has its benefits.  And since he became 

instantly famous, he was appointed King George III’s astronomer, which meant he had 

money.  And once he had money, he then had lots of ideas on how to use that money.  

And some of the ideas had to do with big surveys of the sky, building big telescopes and 

doing a lot with them. 

 And so he thought about studying the Milky Way.  We’ll talk about that a little later.  

He did some of the first big studies of the entire Milky Way galaxy.  But he also went all the 

way back to the little doubles and decided to  see whether he could prove that they were 

pairs of stars together, not just accidently, randomly distributed and near each other.  And 

how do you do that?  You look at the doubles over a period of years to see if they’re 

orbiting each other.  If you really have two stars next to each other in space, then they’re 

gonna have gravitational influences on each other and so they might be going in orbit.  

And so what Herschel began to do was to pick out these apparent binaries or doubles in 

the sky and draw where they were with relation to each other over a period of years.  And 

what he realized was that over a period of years, they moved. 

 Now, here’s a drawing of a typical double.  The stars are labeled A and B.  It was 

decided early on that whenever you had two stars in a group, you always labeled A as the 

brighter one and B as the fainter one.  Sometimes I said there are triples or quadruple 

stars.  You would then name the other ones C and D or E and F.  You just go down the 

alphabet.  But anyway, in this case what you’ve got are two stars, A and B, going around 

each other in elliptical orbits.  And so if you imagine looking at these two stars at a 
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particular time, you see them in a particular position.  But as time goes on and they go 

around their orbits, you would expect to see different positions. 

 So here’s another system.  This happens to be the star Cereus A and B.  Cereus A 

is the brightest star in the sky.  It’s up in the winter.  Here’s a drawing of what the position 

looked like in 1950 — at the top.  Then 10 years later you see that the two stars have 

shifted position for 1960, and then 1970 and then 1980 and then 1990.  So you can see 

the two stars are orbiting each other. 

 Now, when you look up at the sky, you do not see those orbits neatly drawn in like 

that.  All you see are the two stars.  But you see them shifting their position.  And so over 

40 or 50 or 100 or 200 years — depends on the pair of stars — you will see them orbiting 

each other.  And this is what Herschel did.  He began looking at a bunch of double stars 

and he drew where they were.  And then a few years later he looked again, drew where 

they were, and he realized that after 20 years or so most of those doubles that he had 

been looking at were actually going in orbit around each other. 

 Now, there are cases where they’re not doubles.  There are cases where you’ve 

got a star here and another star way in front or behind it.  But because you’re looking in 

that direction, they look close to each other in the sky.  But they may not be close to each 

other in space.  They may be very different places in space.  In that case, they’re just 

going their own directions and so in that case they move off in straight lines.  So you can 

tell the difference.  If two stars are going around in an arc, an elliptical orbit, then you know 

they’re orbiting each other.  If they just move away from each other in a straight line, they 

don’t have anything to do with each other. 
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 And what Herschel realized was that most of the stars that he studied were actually 

going around each other.  And so he proved Mitchell’s idea that there were such things as 

doubles, that the statistics had not lied in that case, that they were not randomly 

distributed objects that just accidently happened to be in the same direction. 

 Now, once Herschel was able to prove that, the real study of double stars or 

eclipsing stars or spectroscopic stars — and we’re gonna go over all of ‘em — began.  

These are the different types of binary stars.  You have visual binaries.  What do I mean 

by those?  That’s what I’ve been talking about.  Those stars that you look at in the sky and 

you see two stars.  However, there’s a problem.  Stars are very far away.  And so if they’re 

far enough away, even though there may be two stars going around each other, they may 

be so close to each other in the sky — if you’re looking at a pair of stars 500 light years 

away, they may be so close together that you can see the light but you can’t see two 

individual stars. 

 Think of the following thing that you may have actually seen.  You’re driving along 

a highway.  Let’s say you’re driving through Kansas on the Interstate.  You can see 100 

miles, right?  It’s flat.  You’re driving at night.  Way in the distance you can see a little light 

coming toward you.  It’s the headlights of some oncoming car.  You don’t expect to see 

both headlights.  When they’re very far away, you just see light because the two 

headlights are so close to each other you can’t pick them out individually.  So you just see 

a light in the distance.  But as that vehicle gets closer and closer, at some point you 

expect to see two lights.  You expect to see double headlights.  And I’m sure that many of 

you have had the experience where as the vehicle got closer and closer, you didn’t see 
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two lights.  And so then thoughts begin going through your mind.  “Is this a motorcycle?  Is 

this a car with one light out?  If one light is out, which one?”  You know, lots of thoughts 

begin crossing your mind.  Because at some point you expect to see two stars — two 

lights. 

 Same thing with double stars.  If they’re far enough away, you don’t necessarily 

expect to see two individual dots in the sky because they’re too close together.  And so 

you just see light.  Well, how do you know they’re a double?  You look at the spectrum 

because you will see the spectrum of two separate stars.  Remember, each star has its 

own spectral type.  And so if you’ve got a B star and an F star going around each other, 

you’re gonna see two spectra.  So you can identify a double by spectra. 

 Another way of identifying a double that’s so close together you only see one dot is 

if the two stars go in front of each other.  As they orbit, sometimes they will literally pass in 

front of the other just the way sometimes the moon passes in front of the sun.  You get an 

eclipse.  Well, you can have one star pass in front of another and you get an eclipse.  So 

we also have the possibility of eclipsing binaries. 

 A third way of finding a double when you don’t see two stars is if you see one star, 

as it moves through the sky, wobbling.  Most stars as they move through the sky move 

through the sky in a straight line because they’re just going somewhere in the Milky Way.  

They’re just moving along.  And so we expect to see a straight line.  But if you see a 

wobble, what it actually is is a star orbiting as it goes along.  And so what you see is this 

wobble.  Why would you only see one star with a wobble?  Again, they’re so close to each 

other that you can’t pick out two stars.  And usually one star has a lot more mass than the 
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other.  And so the one that’s being moved around looks like it’s wobbling.  The other star 

might be faint or just not noticeable, so you see one dot that’s kind of moving around.  We 

refer to that as an astrometric binary.  Because you measure the star to determine that it’s 

double.  You measure its motion.  So we call that an astrometric. 

 There’s always the possibility it’s not a double.  Every once in a while you study a 

double for 50 years and you discover these two stars are just moving away from each 

other.  They have nothing to do with each other.  It was a mistake.  We even have a name 

for those.  We call them optical binaries.   They’re not really binaries.  They’re not really 

doubles.  They were just optically looking that way.  We saw two stars in the sky but they 

don’t have anything to do with each other.  So we even give them a name. 

 Most doubles that we study, though, are either visual spectroscopic, eclipsing or 

astrometric.  Or, in some cases, multiples.  Sometimes you can look at the spectrum of a 

star and realize that it’s actually two stars right on top of each other.  And then a little bit 

later you discover they’re also eclipsing each other, and so you can have a spectroscopic 

system that’s also an eclipsing system. 

 Once in a while you can have a visual double.  You see it as two stars but the orbit 

is such that they actually merge into one.  Well, sometimes it’s a visual.  Sometimes it may 

only be spectroscopic.  Or, a very rare case, you might have a visual that actually eclipses.  

Now, why do I say a rare case?  These are different kinds of stars generally.  Visual 

doubles by the very fact that you can see two stars in the telescope means that they are 

pretty far away for real.  You might have two stars that are as far away as the sun and 

Pluto.  They’re going in orbit around each other but it might take 100 years.  Pluto takes a 
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couple of hundred years to go around the sun.  So if you’ve got two stars that are as far 

away as the sun and Pluto, you will see a little double in the sky.  And if you look at its orbit, 

it’s gonna look like that orbit I showed you of Cereus A and B.  It’s gonna change over 

hundreds of years. 

 You can have a spectroscopic double but you know right away that they’re closer 

to each other because you don’t see two of ‘em in the sky.  And what we’ve discovered is 

that your average spectroscopic double usually orbits in less than a year.  If you look 

through a catalog of spectroscopic binaries, thousands of them, and you look at how long 

they take to go around each other, you discover that most of the ones that have been 

found have periods of two months or a month or six months.  So they’re more like the sun 

in Mercury: closer to each other, going around faster. 

 Now, why would that be the case?  Are we having a problem here?  Are there two 

different kinds of doubles?  No.  Think of an intermediate case.  Think of a case like the 

sun in Jupiter.  If you had two stars that were going around each other every 10 or 15 

years, you might not be able to see them as a visual double.  They’re still pretty close to 

each other.  And so, you know, it may only be one dot out there in the sky, but their 

spectra may also look the same.  They might be two exactly the same kind of stars.  And 

so you might not notice that it’s actually a double.  If you get a B spectrum on top of a B 

spectrum, all the lines line up.  So you’ve got two different spectra but they’re the same 

kind.  You don’t see a difference.  You either have them going very fast — in which case 

even if they have the same lines, the lines are moving back and forth — or you have to 

have very different kinds of lines in order to notice that there are two stars. 
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 Let me show you that in more detail.  Here is a drawing of a — supposed to be 

snapshots in time — of a double star.  One of the two stars — and I’ll just label it A here for 

discussion — is coming toward us while the other one is going away.  Whenever stars are 

going in orbit, they’ve gotta be going like this.  So one of ‘em is always coming toward you 

and the other is always going away.  Now, they reverse position as they go around, but 

they can’t both be going toward you at the same time.  So you’ve got one going toward 

you and one going away from you all the time.  So you’ve got approaching and receding.  

Approaching is coming toward you, receding going away. 

 As time goes on, these stars go around in orbits and they change.  This is what the 

spectrum looks like.  The light blue line — oh, it doesn’t look blue on the screen.  That’s 

strange.  Well, we’ll live with it.  You see two lines in a spectrum.  Now, this is a simplified 

spectrum.  Usually there would be a bunch of lines.  But we’re only showing you one 

specific spectra line and how it looks for these two stars.  You see two separate lines 

because one star spectrum is Doppler shifted toward the blue, the other spectrum is 

Doppler shifted toward the red ‘cause one is coming toward you and the other is going 

away, and so you see two separate lines. 

 A little bit later, when the two stars are passing by each other, you only see one line.  

And so you look at the spectrum and you see the lines shifting over time.  It’s a dead 

giveaway you’ve got a double star.  Even if the spectral type is identical for each star, so 

that just looking at the spectrum you think, “Oh, it’s a B star,” you will see pairs of lines that 

are shifting.  That means you’ve got two stars going around.  One is coming toward you, 

the other is going away, and so the lines are always Doppler shifting. 
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 Toward and away.  You can actually determine the orbit by watching the lines go 

toward and away.    You can actually figure out what kind of orbit you’ve got by watching 

the shift in the lines.  So you can’t see two stars.  And when you’ve got two stars that are 

visible, of course you can see the orbit.  But even if you only see one dot, if you can look 

at the spectrum and see the lines shifting, you can actually measure the orbit.  Because 

the amount of Doppler shift tells you how fast the stars are going around in their orbit and 

how long it takes for the lines to go from here to there and back gives you how long the 

orbit is. 

 So if the two stars are going around each other once a month, you look at the lines 

in the spectrum and you’ll see them shift once a month.  Just like that.  So you can figure 

out the orbit takes one month.  By how much the lines shift you know how fast they’re 

going.  If you know how fast they’re going and how long it takes them to go around, you 

know the size of the orbit.  So looking at the spectrum you can actually determine the size 

of the orbit and the period of the orbit just from the spectrum.  You’re not even seeing two 

stars moving around but you can still figure it out. 

 Now, I mentioned the eclipsing stars.  This shows you a bunch of snapshots in time 

for one star going in front of another.  The first snapshot you have no eclipse.  You’ve got 

one star near the other, but nothing in front of the other.  Then you see one star going in 

front of the second one.  What’s being plotted here on the graph is the magnitude you 

would measure.  So you start out with a certain magnitude for the two stars together, 

because they’re so close you only see one star through the telescope so you measure 

them together.  Then one star goes in front of the other and you get a drop in brightness.  
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As the one star goes across in front of the other, you get a drop in brightness that then 

goes back to the normal brightness once the eclipse is over. 

 And so you plot this thing all the way a round and notice that when the little star in 

this drawing goes behind the big one, you also get a drop in brightness ‘cause it 

disappeared.  It’s like a lunar eclipse.  Moon going into the earth’s shadow.  The light goes 

away.  And so you can look at a dot in the sky and measure changes in its brightness.  

And when those changes look like the bottom graph, what you have is an eclipsing 

system, an eclipsing binary, where one star is going in front of the other and then behind 

the other, or actually they’re going around each other.  And so you see a continuous 

change in brightness as they eclipse each other. 

 You don’t even have to be looking for doubles.  You could just be looking at a star 

and all of a sudden you notice it’s getting fainter.  And then after a while it’s getting 

brighter again.  One possibility is that you have an eclipse.  There are other possibilities.  

Sometimes stars just vary in brightness because they’re variable stars.  Something is 

happening.  They’re swelling up or they have a flare, or something like that.  But one 

possibility for variation in brightness is that there’s an eclipse going on. 

 And so we have eclipsing systems that are usually discovered by accident.  

Somebody is measuring the brightness and it changes.  And then you say, “Oh, we’ve got 

an interesting star here.”  You start looking at the brightness more carefully and you 

realize that it’s going through that every orbit.  And that’s the trick.  You see the orbit.  I 

know how long it takes for the star to go completely around because the drops in 

brightness repeat.  So if I get a drop in brightness every week, the orbit takes a week. 
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 And so you can determine it by looking at the spectrum.  You can determine that 

there’s a double by looking just at the brightnesses of the stars.  Or, if you’re lucky and 

they’re far enough apart, you can actually see two stars going in orbit around each other. 

 Now, I’ve got a couple of other drawings of exactly the same thing, but I thought I’d 

show them to you so you can see the difference.  Here’s exactly the same spectroscopic 

orbit — or a similar one to the previous discussion.  And what you have up at the top is a 

drawing of the two stars going around each other in orbit.  And then in the middle you see 

what the spectrum would look like — and this is more realistic because you’ve got multiple 

lines.  No spectrum has just one line.  They’ve got lots of lines.  And so what you see are 

the lines changing position and you’ll notice that one star is brighter than the other so its 

lines are stronger than the other.  And you can see how the lines shift back and forth to 

identify the star as a spectroscopic system. 

 If I then plot up on a graph the amount of shift, such as on the bottom graph here, 

that helps me to actually determine the orbit itself.  So if I wanted to get into the details of 

how big is that orbit, how fast are these stars going around — in fact, what shape the orbit 

is.  Notice in this drawing at the top those are elliptical orbits.  Well, if I want to know what 

shape the orbit is, I plot it up and I get a curve.  And I won’t go into the details of how you 

analyze that graph.  But if the graph is nice and symmetrical and looks like a sign wave, 

then the orbit is circular.  But if the graph starts to look a little weird, as this one does 

where it’s a little pointed, and you notice over here it’s not exactly the same as over there, 

that shows that it’s an elliptical orbit.  So you can actually study the graph of how the 

Doppler shift changes and work out exactly what the orbit looks like. 
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 And you might say, “Well, who cares?”  You look at all these doubles and you 

figure out all their orbits.  So what?  So you’ve got a lot of orbits.  Good practice, right?  

You like playing with Kepler’s laws?  This is great stuff because you’re using Kepler’s laws 

of orbits to work it all out.  The important thing is that by looking at double stars you can 

determine masses for stars.  It is the only direct way of measuring the mass of a star.  

Why?  Because you’ve got one star pulling on another.  A nd the gravity of one star pulling 

on the other determines the kind of orbit they go in.  Right? 

 You remember that from way back when we talked about planets orbiting the sun.  

The reason the earth orbits the sun instead of the sun orbiting the earth is because the 

sun has a lot more mass.  If the earth had more mass than the sun, the sun would be 

going around the earth.  Well, by seeing how these stars go around each other, we can 

figure out what their masses are.  There’s no other way to get the mass of a star.  They’re 

light years away.  You certainly can’t go out with a scale and put one on it and see how 

much mass it has.  You can try to do calculations.  You can try to do theoretical 

calculations and say, “Well, if I build this model of a star and I put in a certain amount of 

mass, then I’m gonna get a certain number of fusion reactions and it’s gonna be a certain 

brightness.”  But you’ve gotta believe that your theory is correct.  If your theory of how to 

build a star is a little bit off, you’re gonna get all the wrong numbers. 

 And so you want a direct way to measure the mass that relies the least on any 

theory.  And Kepler’s laws are about as basic as you get.  They’ve been known since the 

1600s and they work.  And so you can actually determine the masses of these stars as 

they go around each other in orbit.  And so I can look at the spectra of those stars.  I can 
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say, “Okay.  I’ve got a B5 star here and an A0 star here, and they have this amount of 

mass because they’re going around each other a certain way.”  I now know what the real 

mass of a B5 star is and what an A0 star’s mass is because I now know their masses from 

a very simple calculation. 

 So binary stars are very important for getting masses for stars.  Visual binaries 

because you can see the orbit.  You can get a nice, detailed orbit.  Spectroscopic binaries 

because you can calculate the orbit but not completely.  There’s one minor problem with 

spectroscopic binaries and that is you really don’t see two stars.  You see one dot and you 

get a nice orbit of some sort from the dot.  But it turns out that the tilt to the orbit — you 

can’t get that from the dot.  You don’t know whether the orbit is tilted this way or this way 

or this way, and that changes the value of the mass that you get. 

 So you can calculate how fast they’re going around and how long they take to go 

around, but you can’t get the tilt.  With a visual double you see the tilt.  It’s obvious.  But 

with spectroscopic you can’t see the tilt.  So what do you need to do?  You need to see an 

eclipse.  Because then you know the tilt.  It’s gotta be straight on.  For one star to go in 

front of the other, you’ve gotta know what the tilt is.  It’s near 90 degrees.  Now, it could be 

89 or 91.  You’ll still get an eclipse.  But actually the kind of eclipse you get depends on the 

tilt. 

 And so you can determine the tilt — or the technical term for it is in the inclination.  

The inclination of the orbit, the tilt of the orbit, can be figured out if you have an eclipsing 

binary.  So spectroscopic binaries by themselves — sort of valuable but not completely.  

You need to find those that have eclipses.  And that’s a smaller number.  You might have 



ASTRONOMY  114 Lecture 43 15 
 
30,000 or 40,000 spectroscopic binaries in your catalog.  You might only have 1,000 of 

them that are eclipsing.  So you’ve got to focus in on those 1,000 — which is still a lot, but 

not as many. 

 So the important ones are the eclipsing systems.  And here are some drawings 

showing different kinds of eclipses.  These are just different kinds of stars.  Look at the top 

drawing.  You’ve got two stars that are essentially identical in size and going around in a 

nice circular orbit.  The eclipses will be very sharp — just the way it’s drawn there.  A 

couple of spikes, changes in brightness.  If you’ve got a big star and a little one, as is 

shown in the second drawing, notice that the bottom of the eclipse is different.  If you’ve 

got a little star going in front of a big one, once it goes in front of it, it stays there for a while.  

And so the bottom of the eclipse lasts a long time.  Whereas if the two stars are exactly 

the same size, one of ‘em just barely fits over the other so the eclipse is almost 

instantaneous.  It comes and it goes. 

 And so the top graph shows you what the eclipse would look like for two equal 

stars.  The second drawing shows you what it would look like for a big star and a little star.  

The third drawing shows you what it would look like if the two stars were so close to each 

other that they actually distorted each other’s shape.  Sometimes you can have stars that 

are so close they’re pulling on each other with gravity.  They’re giving each other tithes.  

They actually distort the shape of the other star.  They might be almost touching.  Very, 

very close. 

 And so their shapes are distorted.  And because of that the eclipses are distorted.  

And so we can look at the eclipses of these stars and see distortions and that tells us that 
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these stars are so close to each other they’re actually making each other non-round.  And 

that happens a lot.  There are a lot of stars like that.  Some of ‘em are so close to each 

other it’s almost like a peanut.  Two stars that are literally touching, going around each 

other.  And they can go around each other in 6 hours, 8 hours.  I mean, these are amazing 

stars.  They’re right there, next to each other, going around.  And they have an eclipse 

every 6 hours or 8 hours.  You can watch an entire orbit in one night. 

 And you can also have one star in the bottom curve here that is much hotter than 

the other.  The way this one is drawn, the little star is hotter than the big one.  And so the 

little star actually heats up one side of the big star.  It’s so hot it’s actually shining on the 

big star that’s cooler and heating up one part of the surface.  When that happens, you 

have an even more distorted light curve because one side of the star that’s being heated 

up is brighter than the other side. 

 Now, I’m not gonna even attempt to go into it, but all we get when we look at these 

double stars is the light curve here.  We get the change in brightness as it orbits.  We then 

have to go back and figure out what’s causing the changes.  And you see that in each 

case the change looks different.  And so what we do is we figure out what kind of change 

in brightness means what as far as the doubles.   And so there’s a whole series of 

analyses you go through to figure that out.  Yeah? 

STUDENT: Earlier in the year you were talking about possible planets around 

other stars, and it sounds like this is the same thing — the same type of thing that’s 

taking place as well as the wobble if we’re down to see if there’s another planet.  

How can they tell the difference if it’s a planet or it’s a neutron star or [inaudible]? 
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 Okay.  The mass that you calculate will be different.  If the mass of the star is two or 

three times the mass of the sun, it’s either a normal star or a neutron star or a black hole.  

We only have one case of what you might call an eclipse of a planet in front of a star.  It’s 

called a transit when it’s a planet, but really it’s a little eclipse.  And that one was already 

discovered before the transit was measured so it’s kind of cheating.  We already knew 

there was a planet there from the wobble, from the spectroscopic wobble, the variation in 

the lines.  And somebody said, “Hey, that orbit looks like there’s also going to be an 

eclipse,” and so astronomers looked and sure enough there was. 

 So, yeah, we can do it for planets.  We can do it for little stars.  We can do it for 

normal stars.  It’s the same technique used in different cases.  Yeah. 

STUDENT: How can they tell if — like you said, if it was a planet [inaudible] within 

the orbit of say Mercury, how you can tell [inaudible] that’s the size of Jupiter. 

 If you can’t determine the mass — if you can’t figure out what the mass is from the 

orbit, you can’t tell.  You’ve gotta look at the spectrum to get the relative shift to figure out 

the masses.  Planet masses are small, stellar masses are large.  So you literally have to 

figure out the mass.  That tells you whether it’s a brown dwarf or a real planet or a star.   

 Okay.  We’ll continue this tomorrow. 

  

 

  


