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 We’re now starting on another part of the course.  We’ve finished the planets and 

the rest of the solar system.  We are now beginning our discussion of stars.  This will 

occupy us for the next four weeks or so.  We are going to be talking about a lot more of the 

universe.  Up to this point, we’ve only been talking about a small portion of the universe, 

just our solar system.  Now we’re going to expand that discussion all the way out to the 

galaxy.  However, that discussion starts off rather slowly as far as getting out of the solar 

system, because the next discussion we’re going to have goes all the way back to what 

we talked about before we started the solar system and that is our discussion about light. 

 We only talked about some of the properties of light a few chapters back.  Now 

we’re going to talk about the rest of the properties of light.  Because when we discuss 

stars, what we are really studying is just the light from those stars.  We only see the stars.  

We can’t measure them by touching them or getting samples from them.  The only way 

we can tell what stars are like is to look at their light.  And so we have to know a lot about 

the light itself so we can understand what the information is that’s coming to us. 

 So our first discussion will actually be about light itself.  Then we’ll talk about the 

telescopes that have been invented to gather that light.  If we had a lot of light coming 

from stars and we have no way to analyze it, it’s useless.  So we have to talk about the 

telescopes and the instruments.  Then, just when you think we’ll start talking about stars, 

we will except we’ll be talking about the Sun. 

 And so you’ll wonder when are we ever gonna get out o f the solar system because 

we’ll still be talking about an object in the solar system.  In fact, the object that is 99 

percent of the solar system.  But we’ll be talking about the Sun as a star.  And so keep in 
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mind that whenever we say something about the Sun, we’re probably also discussing 

what your average star is like.  Keep in mind that the Sun is considered an average star.  

It’s not atypical at all.  It’s normal, it’s middle-aged, it’s got an average amount of material 

in it that we see out in the galaxy.  It’s a fairly stable, normal — some people might even 

say boring example of your average star. 

 But that’s great.  Because if we were going around a weirdo star, a star that we 

didn’t see anywhere else in the heavens, we would wonder what was going on.  But 

because we do have your typical average star to go around, that means if we can learn a 

lot about the Sun we know a lot about typical, average stars.  So it’s quite nice that we 

actually have a fairly average star. 

 Okay.  Let’s talk a little bit about light again.  This is sort of a review.  Here we have 

the entire spectrum.  We’ve already talked about this, but you may have forgotten it in the 

meantime.  Here’s the visible spectrum down at the bottom going from violet to red.  But, 

as you remember, that’s only a small part of the entire spectrum that we call the 

electromagnetic spectrum and that runs all the way from gamma rays, the shortest 

wavelength, highest energy photons, to x-rays, ultraviolet, then the visible which is sort of 

in the middle.  Then the infrared which is lower energy photons. 

 And then on this particular chart they separate out microwave.  Some charts don’t 

bother to separate that out.  They lump it in with radio.  And then we have the radio waves 

at the long wavelength and the low energy end of the spectrum.  So we have this 

continuous spectrum going all the way across from very high energy to very low energy.  

Our eyes can only pick out the section right in the middle which is sort of middle energy, 



ASTRO 114 Lecture 30 3 
 
middle wavelengths of photons. 

 Astronomers, a hundred years ago, could only look at the visible part of the 

spectrum.  But they began to realize that they must be missing something because 

there’s an awful lot more of the spectrum and there may be objects that only give off parts 

of the spectrum that we can’t see.  And so during the last hundred years, astronomers 

have specifically tried to increase their study of the entire spectrum.  Radio telescopes 

had been invented, microwave telescopes had been invented.  Much more recently, only 

since the 1980s, have we had infrared telescopes and we’ve also had ultraviolet 

telescopes since about the 1970s.  X-ray telescopes, only since the 1980s, and gamma 

ray telescopes really only since the 1990s. 

 So we’ve been adding to our ability to study the entire spectrum so that today we 

can study all the way from radio to gamma rays and we have telescopes somewhere, 

whether they’re on the ground or up in space, that can measure all parts of the spectrum.  

Now, the same telescope can’t measure all parts of the spectrum.  We have telescopes 

that are specifically radio telescopes.  We have other ones that are specifically gamma 

ray.  That’s because you have to design them differently for different parts of the 

spectrum.   

 But as a result of studying all those different parts of the spectrum, we have 

discovered many objects that only give off x-rays or other objects that only give off 

gamma rays or other objects that only give off radio waves.  And we would have never 

have known they existed if we stuck with only the visible part of the spectrum.  So we’ve 

learned a lot about the universe by extending our eyes to regions of the spectrum that our 
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eyes really can’t see. 

 Now, I want to talk specifically about the effect of matter on light.  Now that we 

know what the light is we’re talking about.  Think about a cloud of gas out in space.  This 

cloud of gas is made of atoms or molecules or maybe it even has some dust mixed into it.  

As light passes through one of those clouds, there’s going to be a change in the light.  

Some of those atoms or molecules or dust particles will absorb some of the light.  Other 

cases atoms will actually cause the light to be reflected.  So it doesn’t absorb it; it just 

bounces it off.  In other cases the light just goes right on through. 

 So we have something happening to some of the light as it goes through one of 

these clouds.  And what can happen, for example, as I mentioned, the absorption can 

occur.  What happens in that case, if we think about your generic atom, here we have an 

atom.  This one happens to be two protons and two neutrons the way it was drawn, so this 

would technically be helium.  But we’re not being too specific here.  Here we have an 

atom and around that atom there are electrons.  Now, for hydrogen there are only two — 

I mean for helium there are only two.  If this was hydrogen there’d only be one electron.  

So the number of electrons depends on which specific atom it is. 

 But for every atom there are many possible orbits that these electrons can be in.  

So even if you only have one electron going around a hydrogen atom, it doesn’t have to 

be in only one possible orbit.  It could be in the orbit here called “1" or it could be in 

another orbit labeled “2" or “3" or “4,” and so on.  Only got one electron but it can be in a 

variety of orbits. 

 This means that the electron has the possibility to go from one orbit to another.  



ASTRO 114 Lecture 30 5 
 
Otherwise it couldn’t be in different possible orbits.  If a photon goes by, that is usually 

what causes the electron to jump to a different orbit.  The reason is that those different 

orbits of that atom require that the electron have different amounts of energy.  So if the 

electron has its minimum amount of energy — in other words, it has nothing left to 

spare — it will be in orbit number 1.  But if it can gather some extra energy somewhere, it 

could go up to orbit 2 or 3 or 4. 

 Well, how is an electron gonna gather some energy? One way is to swallow up a 

photon.  A photon is a particle of energy.  We already discussed that earlier.  Each photon 

has a certain amount of energy in it.  Well, if the energy in a passing photon is just the right 

amount — and what I mean by “the right amount” is just what that electron in the first orbit 

needs to get to the second orbit or the third orbit or the fourth orbit.  If it has just the right 

amount of energy to get to another orbit, that electron will absorb the photon as it goes by.  

It will literally swallow it up.  The photon no longer exists.  The energy is now a part of the 

electron.  The electron will then jump up to one of these higher orbits.  

 But notice that in this drawing only one photon got absorbed.  There were actually 

many of them going by.  That’s because the other ones maybe didn’t have exactly the 

right energy and so the electron was not interested in those.  The electron cannot go to a 

orbit in-between the orbits that we have drawn here.  There are specific orbits that are 

permitted and there are lots of orbits that are not permitted.  And so if the energy of the 

photon would get that electron sort of halfway to a permitted orbit, it’s not gonna go there 

because it can’t be there.  And I’ll explain in a few minutes why not.  But it’s only going to 

absorb specific photons that it likes that gets it to a specific orbit. 
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 Now, there are multiple possible photons.  Because the electron in this case 

jumped from orbit 1 to orbit 2.  It could’ve found a photon that it allowed it to jump from 

orbit 1 to orbit 3.  That would be a different energy.  Or it could’ve gone directly from orbit 

1 to orbit 4 and that would be another photon.  But it saw a photon available that got it to 

orbit 2 and so it absorbed it and jumped up to orbit 2.  So that is how photons disappear 

from the universe, literally.  Electrons absorb them.  Photons are just passing by all these 

atoms.  Every once in a while an electron reaches out and -- phtttt — the photon is gone. 

 But they don’t hold on to ‘em forever.  If they did, we wouldn’t have any photons 

floating around.  They’d all get used up.  And so what also happens is that if you have an 

electron in a higher orbit that it has to be in — it has to be in at least orbit 1, but it could be 

in 2 or 3 or 4.  If it happens to, as in this case, be in orbit 3, it could give off that photon.  In 

other words, it’s in orbit 3 and it gets bored being in orbit 3.  It decides to jump down to 

orbit 2.  And when it jumps down to orbit 2, it doesn’t need as much energy anymore 

because it’s a different orbit, different amount of energy.  And so it literally gives off a 

photon to get rid of its extra energy.  So photons are convenient ways for electrons to gain 

energy or to get rid of energy.  They can absorb ‘em and they can give them off or emit 

them.  And we usually use the term absorb and emit for these electrons either taking up a 

photon or giving one off. 

 Now, notice no matter which electron I’m talking about, if it’s in orbit 3 of this 

particular kind of atom and it jumps to orbit 2, it’s always gonna give off exactly the same 

photon.  No matter which electron I’m discussing, if it’s going from a certain orbit to the 

same other orbit, the energy difference between those orbits is always the same because 
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that depends on the kind of atom we’re talking about.  And so the photon given off is 

always gonna be the same. 

 Now, I’m talking about an individual atom here.  An atom can absorb a photon or it 

can give it off.  Or, more usually, it absorbs a photon and then later on it gives it off 

because it will not stay in that other orbit that it jumps to.  Turns out that electrons are very 

fickle.  They’ll absorb a photon, jump up to a higher orbit, and faster than you can blink 

they get tired of the higher orbit and jump back down.  And so they’ll absorb a photon and 

a split second later they’ll give it off.  So it’s sort of a continuous process.  Atoms are 

absorbing photons and giving them off, absorbing them and giving them off. 

 The major effect of this is that the photons get spread around.  Because, as you 

notice in this first drawing, all the photons were going in the same direction.  They came 

from somewhere.  Maybe a star, maybe the Sun.  They all came from the same direction 

and were going by this atom.  But when that atom then gives off the photon, it can give it 

off in any old direction it wants.  And so although all the photons might come in from the 

same direction, they go out randomly. 

 And so these electrons pretty well spread the light around.  If you have a bunch of 

light coming all in one direction and it goes by a bunch of atoms, the atoms are gonna 

spread the light all over the place.  Because the electrons absorb the photons and then 

give it off in some other direction.  So keep in mind that this is happening atom by atom.  

But in any cloud, you’ve got billions of atoms and they’re all doing this all the time.  And so 

as photons are going by, there’s this continuous processing.  Electrons are absorbing 

photons, jumping up to different orbits, then getting bored very quickly with those orbits, 
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jumping back down, giving off the photons in all different directions.  And so there’s this 

continuous reprocessing of the photons. 

 And so when we look at a spectrum — let’s say we look at a star somewhere out in 

space and the light from that star has gone through a cloud.  The cloud changes the light 

because the photons are absorbed and emitted in different directions.  And so when we 

look at a spectrum, as is shown on the bottom of this drawing here, we notice that there 

are certain wavelengths in that spectrum that are missing.  Dark means no light.  And so 

we spread the light of this star into a spectrum. 

 Now, this is a fake spectrum.  We’re just showing this to make it easy to see.  And 

in this particular case, we’re saying that the atom we’re studying is hydrogen which is the 

most common atom.  Seventy percent of the universe is hydrogen so we’re talking about 

most of it here.  These lines in the spectrum are caused by billions of atoms of hydrogen 

all absorbing the same photons.  Remember they only have a certain number of orbits 

and all the electrons have to jump to those same orbits, and so there are preferred 

photons.  Every time one of those right energy photons goes by, an electron absorbs it.  

All the other photons have the wrong energy and so they just go right on by. 

 So if you’ve got billions of ‘em doing this, a certain place in the spectrum loses all of 

its light.  For example, this particular line in the red part of the spectrum, labeled H Alpha, 

is the energy that a photon needs to get from the second orbit in a hydrogen atom up to 

the third orbit.  So if there were an electron already in the second orbit and another photon 

came by, it would decide to jump to the third orbit.  It would absorb that photon, jump to 

the third orbit. 
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 So that particular energy of photon gets absorbed every time there’s an 

opportunity.  And so you look in the spectrum and there’s none of that light in the 

spectrum because all those atoms have absorbed the light that was all coming in your 

direction.  They absorbed that photon.  Electron jumps up to the third orbit, then it gets 

bored and jumps back down to the second or the first, gives off the photon but in some 

other direction.  So you don’t see it.  It didn’t come to you; it went off somewhere else.  

And so the light loses all those photons that were coming in your direction. 

 Well, there are lots of orbits and so this one is going from the second orbit to the 

third, this one is going from the second orbit to the fourth, the next one is going from the 

second orbit to the fifth, and the next one is the second orbit to the sixth, and so on.  And 

so since the electron is jumping to a higher orbit each time, you’ll notice that the lines are 

at a higher energy position in the spectrum.  But all of these lines are caused by one atom, 

one kind of atom — hydrogen. 

 Now, you might say, “Well, what about jumping from the first orbit?”  I was showing 

you something jumping from the first to the second.  I say here this is second to the third 

or second to the fourth.  Yeah, in hydrogen there are electrons in the first orbit jumping up 

to the second or jumping from the first orbit to the third.  We can’t see them in the 

spectrum because they’re in the ultraviolet.  They actually require more energy to get out 

of the first orbit than they take to get out of the second orbit. 

 And so I’m showing you here the visible spectrum, what you can see with your eye 

or through a telescope, and this is all that we have for the visible spectrum.  If I continued 

the spectrum out to the ultraviolet, then we would see the lines in the spectrum caused by 



ASTRO 114 Lecture 30 10 
 
hydrogen jumping from the first orbit to the second or the first orbit to the third, and so on.  

So the energies are very different for each jump from each different orbit. 

 If you wanted to see which energies were being absorbed, let’s say, going from the 

third orbit to the fourth or the third orbit to the fifth, you can’t see them in the visible part of 

the spectrum.  Those are in the infrared part of the spectrum.  And if you wanted to see 

those lines, you’d have to have an infrared telescope to spread those lines into a 

spectrum and see where those energies fall. 

 So we can look at the spectrum but we only see a limited amount of information if 

we stick with the visible part.  So I think you can see right away why it’s useful to be able 

to look with an ultraviolet telescope or an infrared telescope.  Because even for a simple 

atom like hydrogen, it’s doing things in the ultraviolet, it’s doing things in the infrared.  Only 

some of what it’s doing is visible. 

 We would call the lines that you see in the spectrum here absorption lines.  They’re 

caused any time the light from an object goes through a cloud and the atoms in that cloud 

absorb some of the photons.  This is what a normal spectrum of a star looks like.  It’s an 

absorption spectrum.  It has a lot of the spectrum visible but there are always lines in the 

spectrum caused by specific atoms absorbing light. 

 Now, what kind of a cloud am I talking about here?  Are there clouds all over the 

place?  Would every star show this?  Well, I’m gonna generalize my definition of cloud a 

little bit and say that every star has an atmosphere around it.  And that atmosphere 

around the star is the cloud I’m talking about.  It’s a thin cloud of gas right around the star.  

So every star we look at has an atmosphere and that atmosphere causes lines in the 
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spectrum for every star we look at.  So when we start talking about the spectra of stars, 

you will see that they all have absorption lines in them and that’s caused by their own 

atmosphere most of the time.   

 Once in a while the light also goes through a cloud in space and we get extra 

absorption lines from that.  But most of the lines that we see in the star spectra are just 

from their own atmospheres.  Because every star has an atmosphere and so every star 

shows these absorption lines.  Yes? 

 [Inaudible student response] 

 Yes.  We talked about that several chapters ago when we discussed objects that 

are hot give off a continuous spectrum because they’re hot.  Well, a star is a hot, dense 

object and it’s giving off the entire spectrum.  It’s giving off a black body spectrum that has 

a certain distribution.  Remember, depending on the temperature, the peak of the 

distribution is in a certain place.  So every star can be looked at as sort of a black body 

with a cloud around it.  And so we’ve already talked about that black body.  Now we’re 

talking about the cloud around it that modifies what we see.  If there was no atmosphere 

around a star, we’d just see a nice continuous spectrum the way we do for a lightbulb, for 

example. 

 [Inaudible student response] 

 Composition affects it tremendously.  I’m showing you here just the lines of 

hydrogen.  If I were showing you a real spectrum, I would have to add in the lines of 

helium, the lines of calcium, the lines of iron.  You know, you start adding all the elements 

in and you get more and more lines.  And so depending on the exact composition of the 
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star, you’re gonna get a different set of lines.  But it’s more complicated than that and I’ll 

get to that a little later.  It also depends upon the temperature of the atmosphere.  

Because a cold atmosphere is going to absorb different photons from a hot one.  But we’ll 

get into those details later. 

 Let’s say we’re just looking at the cloud.  I’m not gonna look at the star itself and 

see the parts of the spectrum that are missing.  I’m gonna focus on the cloud causing the 

problem.  Well, the cloud is absorbing photons and then giving them off in different 

directions.  So if I look just at the cloud and I don’t look at any of the light from the star itself, 

what I should see is just the photons that the atoms are giving off after they’ve absorbed 

‘em.  And so in that case, when you have emission of energy, you have a different kind of 

spectrum.  We have sort of a negative of that spectrum.  We have a spectrum that only 

has light at the wavelength that the photons are being given off. 

 So, for example, the red line that was a dark line in the spectrum of the star — if I’m 

just looking at the cloud or just the atmosphere — is going to be a bright red line because 

now that’s the only part of the red spectrum that the atoms are giving off.  They were only 

absorbing one spot in that red part of the spectrum and so they only can give off one spot 

in that part of the spectrum. 

 And so also over here I’m going to see the blue line caused by electrons jumping 

from the fourth orbit back to the second.  Here they were jumping from the third orbit back 

to the second, giving off the photon they had already absorbed.  Now they’ll jump from the 

fourth to the second here, give off that photon, and fifth to the second here and give off 

that photon.  So if I only look at the atmosphere, all I see is the atoms that were first 
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absorbed and then given off — the photons that were first absorbed and then given off. 

 And so what you have here is a pretty dark spectrum.  There’s almost no light in it 

except at those specific wavelengths.  So we would call that a bright line spectrum or an 

emission spectrum because it’s from the electrons emitting those photons back into 

space.  We do not normally see this when we look at stars because we’ve always got the 

star behind the atmosphere and so we always see the absorption spectrum.  But if we just 

look at a cloud in space by itself, what we will usually see is the emission spectrum 

because that cloud is absorbing light from stars and then giving it off in all directions. 

 So you can tell very quickly what you’re looking at if you spread the light into a 

spectrum.  If it looks like a normal absorption spectrum, you’re probably looking at a star 

or the light from a star.  If you look at the light from some object out there — you’re not 

quite sure what it is — and it’s all emission lines, it’s probably a cloud of gas.  Because it’s 

absorbing photons and then re-emitting them but not producing any itself the way a hot 

star does.  And so you see a different kind of spectrum. 

 So we do have emission spectra in astronomy but they’re usually from clouds of 

gas, not from stars.  Once in a while you get a weird star spectrum.  You get a star 

spectrum that has some absorption lines and some bright lines, some emission lines.  

And you think, “What’s going on there?”  What we interpret that is we have a star with a 

normal atmosphere and then a big cloud around it and so we’re getting sort of both.  

We’re getting the spectrum from the cloud and the spectrum from the star.  And so when 

we look at the combination, we’ve got absorption lines, we’ve got bright lines, we’ve got a 

mess.  It’s a lot harder to interpret. 
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 Now, we want to be able to measure spectra from stars, from the clouds, and we 

want to be able to do it in different parts of the electromagnetic spectrum.  We want to be 

able to do it in the ultraviolet and the infrared and all the other parts.  We have a minor 

problem with that, though, and the minor problem is that the Earth’s atmosphere blocks a 

lot of these wavelengths. 

 So, for example, this drawing shows you the transmission — no, I take it back.  It 

shows you the opacity, the non-transmission, of the atmosphere.  And so if you’ve got this 

line up here, the atmosphere is opaque.  In other words, the light can’t get through.  If the 

line is down at the bottom here, then we say the atmosphere is transparent.  Notice that 

when we’re talking about radio waves — AM, FM, radio — the atmosphere is mostly 

opaque.  So the photons  can’t get from space all the way to the ground. 

 However, when we get up to certain radio waves — UHF, VHF, which you think 

more of as TV but it’s still radio waves, or radar — then the atmosphere is completely 

transparent.  Notice in the visual part of the spectrum the atmosphere is mainly 

transparent. Hey, if it wasn’t, we wouldn’t be able to see the Sun.  We wouldn’t have any 

light.  Our eyes only can see the visible part and so the atmosphere just happens to be 

transparent?  No.  Our eyes have actually adjusted to where the atmosphere is 

transparent.  If we had ultraviolet eyes, they’d be useless because none of the sunlight 

could get through.  We have visible eyes that pick up the visible part of the spectrum 

specifically because that’s the part of the  spectrum that gets through the atmosphere.  So 

it’s usable.  So our eyes have adjusted to the visible spectrum. 

 And so what we have is a radio part of the spectrum that reaches the ground.  We 



ASTRO 114 Lecture 30 15 
 
have an infrared part that does not reach the ground.  So we can’t make measurements 

on the ground in that part of the spectrum.  We have another part of the infrared spectrum 

where the light gets partway down.  So if we can go up to meet it, such as at the top of a 

mountain, we can actually make measurements in that part of the spectrum, but you can’t 

do it down at sea level.  

 And then we have the visible part of the spectrum that we can see from the ground 

and then ultraviolet and x-ray and gamma ray are pretty much blocked out by the Earth’s 

atmosphere.  So if we want to have measurements in the x-ray part of the spectrum, we 

have to put a satellite in orbit.  We have to put a telescope above the atmosphere because 

the light is not gonna get to us on the ground.  We can build the biggest, fanciest x-ray 

telescope you want but we won’t see a thing from space because the atmosphere blocks 

all the light. 

 And so we have to build orbiting telescopes that are up above the atmosphere if we 

want to see the ultraviolet, the x-ray, or the gamma ray.  It’s all blocked out so we’ve gotta 

go up above the atmosphere.  If we want to see infrared, we either have to go to the top of 

a mountain somewhere where we can pick up some of it if it hasn’t all been blocked or 

again we have to go out to space.  If we want to see the long part, the microwave part, of 

the infrared, we have to put the telescope out in space. 

 Fortunately, a lot of radio telescopes can be on the ground because a lot of those 

radio waves make it to the ground.  And so we have a lot of big radio telescopes around 

on the surface of the Earth because they work.  But if we wanted to observe very, very 

long wavelength radio waves, again we’d have to put the telescope out in space.  So we 
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have to know about our atmosphere in detail to know what kind of telescopes we can build 

and where we have to put ‘em. 

 Now, I have one more example here of spectra.  And the reason I’m mentioning 

this is it is sometimes described as laws of nature that we have emission lines and 

absorption lines.  I prefer not to consider them laws of nature.  I prefer to consider them 

rules — which is, you know, sort of a slight demotion from laws, but I kind of prefer calling 

them rules.   

 On this drawing it refers to Kirchhoff’s laws where I would prefer to say Kirchhoff’s 

rules.  Because they’re not exactly laws as we usually think of — like the law of gravitation.  

It’s more a rule of how you remember something.  And Kirchhoff’s laws are what we’ve 

already discussed about absorption.  Let’s say we start off with a lightbulb, a simple light 

source.  Not quite a star, but it will do.  We have a lightbulb and the light from the lightbulb 

goes through a cool gas on its way to my spectrograph that is going to spread the light into 

a spectrum.  When I look at the spectrum of that lightbulb, I’m going to see absorption 

lines in the spectrum caused by the cool gas.  If there’s no gas or anything else between 

the lightbulb and me, I’m going to see a continuous spectrum.  Same lightbulb.  The light 

just happened to go off in a different direction.  There’s no cloud in this direction and so I 

see a continuous spectrum.  If my spectrograph is only looking at the cool gas, then I’m 

going to see the emission spectrum. 

 So this, on one drawing, shows you all three kinds of spectra.  The continuous 

one — that’s what the lightbulb is giving off; the absorption spectrum because the light 

went through the cool gas, and the emission spectrum which is — you might say it’s a 
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spectrum of the cool gas. And these three situations are sometimes referred to as 

Kirchhoff’s laws -- but, as I said, I prefer Kirchhoff’s rules — that light from a solid object, a 

hot body, will be a continuous spectrum.  Light that goes through a cool, thin gas 

produces an absorption spectrum and the spectrum of the cool gas is likely to be an 

emission spectrum.  Those are the rules.  A physicist named Kirchhoff first described 

them and so that’s why they’re called Kirchhoff’s laws or Kirchhoff’s rules. 

 Now, somebody asked me a little while back about different atoms — you know, 

what do we have to  worry about when we look at a spectrum.  Here are the emission lines 

for a few different atoms — just so you can see what they look like.  That’s better.  Here 

are four different atoms, just so you can see the differences. 

 Here’s hydrogen.  You’ve already seen that spectrum because that’s what the 

example was, and you see those specific lines and not many more.  There’s one red one 

way over on the other side.  But those are the lines for hydrogen in the visible part of the 

spectrum.  A few easily recognizable lines.  Notice that there’s a pattern to them.  There’s 

a wide spread between the red and the turquoise and then less of a spread between the 

turquoise and the violet, and even less and then less.  So it seems to have a pattern to it.  

Once you learn the pattern, you can look at these lines and immediately say, “Ah, that’s 

hydrogen.”  Because it’s unique to hydrogen. 

 Now look at neon and you see a completely different pattern.  You see a couple of 

lines here and three lines there and a couple there and then a bunch over here — totally 

different pattern of lines.  That’s because the neon atom has many more electrons going 

around in orbit and they are going around in many different orbits, and so they produce a 
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whole bunch of different lines. 

 Then you look at calcium and again you see a completely different set of lines in a 

different pattern.  So each element produces its own unique pattern.  And once you learn 

the pattern, you can tell what’s in the atmosphere of a star just by looking at which lines 

show up. 

 Okay.  We’ll continue this tomorrow. 

 

 

  


