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 Okay.  We’re gonna continue our discussion today of the Sun and I wanted to finish 

upon my discussion about sunspots.  As I mentioned, Heinrich Schwabe first came up 

with the sunspot cycle.  He observed the Sun for 40 years and actually saw the rise and 

fall in the number of sunspots, and determined that the cycle was around 11 years long.  

That may or may not be true.  Turns out that the sunspot cycle is quite  complicated and let 

me explain some of the complications for you. 

 Well, I guess that’s about as good as it’s gonna get.  The cycle looks like it’s 11 

years on average.  It goes up and down.  In addition to just the number of spots, we 

realize that there’s actually a change in the average positions of spots.  This drawing is 

often called a butterfly diagram.  I think you can see why because of the shape of the 

drawings.  What you have here is the beginning of a cycle and where on the Sun the 

sunspots show up.  This is actually latitude, north and south of the Sun’s equator which 

runs right across the middle of the graph. 

 And so when a sunspot cycle first begins right here, a lot of the spots are up at 

about 30 degrees from the equator.  But as time goes on and the cycle gets more and 

more intense, the spots actually begin to get closer and closer to the equator.  Now, this is 

not an individual spot getting closer and closer to the equator, because individual spots 

might only last a few weeks or a month or two months.  When spots show up on the Sun, 

they originally show up about 30 degrees away from the equator.  And as new spots show 

up on the Sun, they show up closer and closer to the equator so that by the end of a cycle, 

most of the spots are showing up right near the equator.  And so not only do you have a 

change in the number of spots but also a change in where they’re located on the Sun.  

They get closer and closer to the equator. 
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 Now, I’ll see if I can superimpose these two graphs.  They are exactly the same.  

Okay.  So what you have are the cycles and the positions of the spots superimposed here.  

So you can see that this is the beginning of a cycle right here and the spots are far away 

from the equator.  At the maximum of the sunspot cycle, the spots are about halfway from 

the 30 degree point to the equator and by the end of the cycle, when you’re just about 

finished with all the sunspots, most of ‘em that show up are showing up rather close to the 

equator.  So there’s a lot going on on the Sun.  It’s not a simple, 11-year cycle that doesn’t 

have anything else happening.  You’ve got changes in the positions of the spots. 

 Around 1910, an astronomer named George Ellery Hale discovered what caused 

sunspots.  They aren’t holes in the Sun, they aren’t clouds over the Sun, they aren’t just 

smudges on the Sun.  They’re actually areas of intense magnetic field.  George Ellery 

Hale studied the magnetic fields of the Sun and he discovered that right in sunspots is 

where the magnetic fields are the strongest.  They’re concentrated there somehow.  And 

the magnetic field being concentrated in one little spot on the Sun causes that spot to cool 

down. 

 If you think of a big area where there’s a strong magnetic field on the surface of the 

Sun, the magnetic field restricts the motion of particles.  Particles can more easily move in 

one direction along the magnetic field than they can in another direction sideways to the 

magnetic field.  And so if particles are restricted in the way they move, they move more 

slowly.  And if particles move more slowly, the temperature by definition is lower.  And so 

the strong magnetic field in a particular place on the Sun causes that place to have a 

lower temperature.  How much lower?  Well, the average surface of the Sun is almost 

6000 degrees.  In the middle of a sunspot the temperature can be as low as 4000.  So we 
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go down quite a ways in the middle of a sunspot. 

 And so actually sunspots are not black.  They tend to look black on photographs, 

but the sunspots are actually red.  They’re just cooler places on the Sun so that they’re 

giving off less light.  If you remember, as you heat an object up it gives off a lot more light.  

As you cool it down it gives off a lot less light.  So if you cool a place on the Sun down to 

4000 degrees, it’s gonna give out probably 10 times less light than it would at its normal 

temperature.  And so it looks dark by comparison to all the places around it, but it’s not 

actually black.  It’s red.  But on a photograph — you take a picture of the Sun, it’s 

underexposed at the spot so it tends to look dark.  So keep that in mind that sunspots are 

not actually black.  They’re just a red color that you don’t notice against the bright 

surroundings. 

 So we had cool regions on the Sun that were produced by magnetic fields.  Now 

astronomers thought they had all the information they needed to come up with some 

theory as to how this all works.  What’s going on on the Sun that produces an 11-year 

sunspot cycle where the sunspots start out 30 degrees from the equator and work their 

way toward the equator as time goes on, and then the cycle ends and repeats for another 

11 years? 

 Now, I should mention even the 11 years became a problem.  After magnetic fields 

were discovered on the Sun and studied in sunspots and elsewhere, it was realized that 

the Sun actually had two magnetic fields — or at least it looks like it has two magnetic 

fields.  It has one that seems to be what you’d normally think of as a magnetic field coming 

out of the poles of the Sun and going around.  It’s like the Earth’s magnetic fields or 

Jupiter’s — the polar field.  So it comes out from near the poles and goes into the other 
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pole. 

 It also seems to have kind of an equatorial magnetic field, a magnetic field running 

more around the equator.  Well, astronomers looked at this, they studied what the 

magnetic fields were like, and they realized that during any particular cycle — let’s say we 

study one particular cycle of sunspots.  Let’s just pick 1950's sunspots here.  During that 

cycle if you measured each sunspot for its magnetic field, what you would discover is an 

interesting thing.  A lot of sunspots come in pairs.  As you start to study sunspots you 

realize, “Yeah, there are single sunspots here and there.”  But your average sunspot is 

actually part of a pair of spots. 

 And if you look at those pairs of spots, you realize that the magnetic field is always 

coming out of one and going into the other one.  In other words, you have a North Pole on 

one spot and a South Pole on the other.  And so these two spots are actually containing a 

magnetic field that comes out of one, goes into the other.  Not only that, if you look at 

various pairs around on the Sun, you discover that they’re all lined up the same way.  So 

if you look at your first pair and the North Pole spot is on the left and the South Pole spot 

is on the right, every other pair of spots on the Sun in the same hemisphere — let’s say 

you’re looking at the northern hemisphere of the Sun — every pair will have the north spot 

on the left and the south spot on the right.  So they’re all the same orientation. 

 If you look across the equator into the other hemisphere, you discover it’s all 

reversed.  The north spot will be on the right and the south spot will be on the left for all of 

them.  So there’s an organization here.  May not be obvious why, but there’s some 

organization of spots so that the orientation of the north and south spots are always the 

same in each hemisphere. 
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 After an 11-year cycle and the sunspots go away and then they start to come back 

for the next cycle.  So you go through a whole 11-year cycle and all the spots are in the 

same orientation.  When you start the next cycle, all of the poles are reversed.  So now if 

you looked at the northern hemisphere, all the South Pole spots would be on the left and 

all the North Pole spots would be on the right.  And if you looked in the southern 

hemisphere, all the North Pole spots would be on the left and all the South Pole spots 

would be on the right.  So everything kind of reverses every 11 years. 

 And that may mean that it’s not an 11-year cycle.  To come back to where the Sun 

is in the same situation that it was previously, where the spots are arranged in the same 

order with their magnetic fields in the same direction, actually takes 22 years.  Because 

every 11 years, everything reverses and then reverses back.  And so it’s actually a 

22-year complete cycle to get back to where the Sun is in the same situation that it was 

previously.  In fact, if you measure which pole is at the north part of the Sun, at the north 

rotational pole, you should have a north magnetic pole.  Well, during one spot cycle you 

will have a north magnetic pole at the North Pole of the Sun.  During the next sunspot 

cycle the entire pole is reversed so that it’s a south magnetic pole at the North Pole of the 

Sun and a north magnetic pole at the South Pole of the Sun. 

 So again, it looks like a 22-year cycle for the entire magnetic field arrangement of 

the Sun.  So what we see is a sunspot cycle is kind of a half a cycle on something bigger 

that’s going on.  And we don’t see it all going on, but something’s happening on a longer 

cycle.  There’s actually been some discussion among astronomers that that may not be 

the only cycles that are going on.  There’s been some measurements showing  that over 

longer periods of time.  You notice that these cycles here were kind of short and these 
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here were kind of tall, so there’s something changing there.  There may be a long-term 

change, maybe 80 or 90 years, so that there’s something else going on that changes the 

total number of spots that occur over a long period of time. There’s even been a 

suggestion there might be cycles that are hundreds of years long.  Only problem is we’ve 

only been observing sunspots for hundreds of years.  And so if there is a long-term cycle 

going on, we haven’t seen it yet because we haven’t been observing long enough to pick 

it up. 

 Now, these are all the sunspots we’ve ever observed.  These are the yearly 

average sunspots from when Galileo started observing the Sun in 1610.  So the graph 

starts in 1600 and goes all the way up to 2000.  So you can see all the cycles that we 

know of for the Sun.  Galileo began observing right here.  Notice he did note a maximum 

in the sunspot cycle, although it probably didn’t occur to him he was seeing that.  And 

there was another cycle noted.  And then people weren’t observing the Sun very much, so 

this is from scattered observations of various astronomers.  They may have looked at the 

Sun and drawn a picture and said, “Okay.  I saw seven or eight spots.” 

 And so we kind of figure out where on the cycle that was.  But notice all of a sudden 

around 1650 —  nothing.  No sunspots were observed.  And astronomers did look.  There 

are notebooks that say, “I looked at the Sun and there are no spots.  What was Galileo 

talking about?”  And this went on for over 50 years — about 60, 70 years.  There were just 

no spots.  Well, that hasn’t happened since.  We have noted that there’s a high peak here 

and a low one there, and a high one here and a low one here.  So there is some change 

that occurs on longer periods, but we certainly haven’t seen this kind of thing again where 

they just went away.  Maybe it’s gonna happen the next cycle.  We don’t know.  We really 
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don’t understand everything that’s going on because some of it may be quite long-term. 

 This, by the way, is called the Maunder Minimum because a physicist named 

Maunder first studied it and said, “Something funny going on here.”  It coincides 

historically with what was called the mini Ice Age or the little Ice Age in Europe.  Between 

about 1650 and 1720 in Europe it was much colder than usual.  Lakes froze over, rivers 

froze over that previously hadn’t done it.  And since the cycle ended, they haven’t done it 

since.  And so there was a very cold period — at least on part of the Earth.  Doesn’t mean 

the entire Earth was cold because we only have the best historical records in Europe, but 

there was what we call a mini Ice Age that occurred right in this period. 

 And so there’s a suspicion that the disappearance of the sunspots cooled off the 

climate on the Earth or changed it anyway so that it really changed the weather patterns 

and changed the climate.  And so that means that there is probably a connection, 

although we’re having problems figuring out exactly what the connect is, between the 

sunspot cycle and our weather.  So it is something to be worried about.  This is not just an 

esoteric, theoretical thing to worry astronomers.  It could have practical importance. 

 So what’s causing all this?  Well, an astronomer named Horace Babcock in the 

1950s looked at all this information about sunspots — the 11-year and the 22- year cycle; 

he looked at the change in the position of the sunspots with time — and he came up with 

what he thought was sort of a general theory of how it worked.  And so this theory is called 

the Babcock Model.  It’s not really a detailed theory.  It’s more of a model.  So it’s 

somewhere between a hypothesis and a really good theory.  But essentially what he says 

is the following: The Sun starts off with its normal magnetic field that runs north/south.  So 

you think of the magnetic field like Jupiter has the Earth has.  That’s the way the Sun 
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starts off. 

 But there’s a complication with the Sun.  The Sun is all gas.  It’s not solid, it’s not 

liquid.  It’s pure gas.  And so it doesn’t actually have to rotate like a solid object does.  If 

you think about the Earth rotating, the entire Earth rotates in 24 hours.  It would be a real 

mess if the equator was rotating in 20 hours and the poles were rotating in 30 hours.  

We’d have constant earthquakes because the thing would be breaking up because it’s 

solid.  But if it’s a gas ball like the Sun, no problem.  Different parts of the Sun can rotate at 

different rates because it’s just gas. 

 And so in actual fact, the equator of the Sun rotates in about 24 or 25 days.  The 

poles of the Sun rotate closer to every 40 days.  So the equator is actually rotating around 

once much faster than the poles.  And as you go from the equator toward the poles, the 

rotation period gets longer and longer.  So if you have a magnetic field that starts out nice 

and even, running from north to south, as time goes on it’s going to get stretched at the 

equator because the equator is literally rotating faster.  So it pulls the magnetic field with it 

around the Sun faster at the equator than the magnetic field is moving at the poles. 

 So the magnetic field starts out as a polar magnetic field, but very quickly it starts to 

get stretched out along the equator because the equator is rotating more quickly.  Every 

month the equator gets ahead of the poles.  And so after awhile, you wind up with a 

magnetic field that’s all twisted around the equator.  The equatorial field I mentioned was 

observed for the Sun. 

 So it’s not two separate magnetic fields, according to Babcock.  It’s one magnetic 

field that’s been completely distorted by the faster rotation of the Sun’s equator.  This 

twisting around of the magnetic field stretches the magnetic field around the equator.  
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When it gets stretched enough, it starts to get knots in it.  Now, if you’re trying to visualize, 

“Well, how can a magnetic field get knots in it?”  A magnetic field is really a long line of 

magnetic — we won’t call it material, but it is a physical thing and so it acts physically as 

you stretch it.  If you twist it, it can kink up.  Think of a Slinky toy that you stretch out and 

then you twist it.  It can suddenly jump and kink up.  Well, a magnetic field that’s being 

stretched is a physical entity and if it gets twisted, it can get kinks in it.  And these kinks 

stick up through the Sun and become sunspots. 

 So this is Babcock’s model of how it all happens.  You start out with a nice clean 

magnetic field going through the Sun.  The Sun’s equator is rotating faster than the poles.  

And so as time goes on after months and years, the poles — all the magnetic field around 

the equator.  The magnetic field gets so stretched it begins to kink up.  Those kinks stick 

up through the Sun and you get the magnetic field cooling off, the surface of the Sun 

where the magnetic field is sticking through, and you get sunspots.  And you get pairs of 

spots because the kink is a loop sticking up through the Sun.  One part of the loop is 

gonna be North Pole, the other part South Pole, and so you get the sunspot pairs on the 

Sun. 

 Since the magnetic field is really continuous lines of magnetic field, every spot 

should have the same orientation as far as its relative spots and so you get the north and 

south lined up for every spot in each hemisphere.  But because the hemispheres have the 

reverse part of the magnetic field, all of the orientations are reversed.  So as far as what 

we see during the magnetic cycles, Babcock’s model kind of explains what’s going on.  

 But it’s fairly crude in the explanation because there are a lot of things missing from 

it.  For example, why does the magnetic field happen every 11 years?  The model doesn’t 
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say anything about how long it takes.  It’s just happening.  Now, there may be something 

in the model, but it’s very complicated to figure out how 11 years is the length of the cycle.  

It could be when you get this magnetic field stretched out so far there’s a limit and that 

limit seems to be reached when the magnetic field actually begins to break apart.  The 

lines begin to break.  And once the lines of the magnetic field begin to break, it’s like a 

string being pulled too far and it snaps.  Once those lines break, the magnetic field kind of 

dissolves.  Since it’s not connected anymore, there’s not this long magnetic field. 

 So apparently after about 11 years the magnetic field all breaks up and kind of 

diffuses through the Sun so that there’s no discernable magnetic field.  Then it kind of 

realigns itself.  All these little pieces kind of come back together and realign themselves 

back at the start of this model with the magnetic field north/south.  But now somehow it’s 

all gotten reversed and that’s not easily explained in the Babcock model.  How does it 

reverse?  We’re not sure. So there’s other stuff going on, but this gives us sort of a 

working way of explaining how it’s happening even through there’s obviously a lot more 

that we don’t understand.  So the Babcock model is imperfect but it’s a way to explain how 

it happens. 

 The longer period changes the model doesn’t address at all.  There’s also a 

problem here.  Notice the way it’s been drawn.  We’re kind of only talking about the 

magnetic fields that would be just below the surface.  I’m sort of assuming all these 

magnetic fields are nicely lined up just below the surface.  Obviously, there are gonna be 

magnetic fields that are farther into the Sun.  We don’t know how far down but, you know, 

maybe halfway down to the center.  We’ve got the convection of material coming up from 

inside, coming up to the surface.  That affects the magnetic field because it’s gonna pull 
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magnetic field from inside the Sun all the way out to the surface.  That probably helps 

cause some of these kinks that stick through the surface because the magnetic field is 

actually being dredged up with the material from below.  So that’s a complication in the 

model. 

 And so there’s an awful lot to this that’s just very hard to work out.  It’s a very 

complicated model.  There are astronomers working on it all the time, trying to figure out 

exactly how this magnetic field is generated, how it sticks up through the Sun and 

produces all the sunspots, and then how it dies off and reconstitutes itself, and the 

reverse orientation.  And so the complete theory is not put together yet, but we have more 

and more data so we’re getting closer and closer.  Yeah? 

 [Inaudible student response] 

 When a sunspot first starts out it’s a little tiny spot and it gets bigger and bigger and 

bigger.  It reaches a maximum size and then it hangs around for awhile, weeks or 

sometimes months, and then it kind of gets weaker and weaker and finally breaks apart 

and disappears.  And so it’s — what you’re seeing really is how the magnetic field starts to 

stick up through the Sun.  It’s there for awhile and then maybe the kink goes away, or 

breaks, or untwists, or does something and then it goes away, and then a spot shows up 

somewhere else.  So it’s a continuous process of spots showing up, then going away, and 

then new ones showing up and going away.  

 And some of ‘em are only around for a couple of weeks.  Some of ‘em have lasted 

for several months.  There are small spots that nobody notices much and every once in 

awhile there’s a giant spot that literally you can see with the naked eye looking up at the 

Sun.  I’ve seen ‘em myself.  Now, you have to be careful staring at the Sun.  It can blind 
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you.  But there are times, if you go outside on a foggy morning, where you might look up 

and you can actually see the disk of the Sun but it’s not very bright because it’s shining 

through the cloud or something like that.  Sometimes you can actually look up and look 

right at the disk because it’s not bright.  And there have been several times that I have 

been able to look up at the disk and actually see spots on the Sun with my naked eye.  It’s 

not that difficult.  You just have to think about it.  If you see that opportunity, maybe the 

Sun is just rising and it’s shining through some fog — if it’s not very bright, just glance at it 

and you might actually see spots.  They can be visible. 

 What I’d like to do now is look at the Internet for a minute.  There’s a particularly 

good Internet site that keeps track of what’s going on on the Sun.  And this Internet site is 

spaceweather.com.  You can dial it up any time you want.  It’s a commercial site.  And it 

has on it everything that’s going on on the Sun at any particular time.  It will tell you how 

fast the solar wind is passing the Earth right now.  It gets satellite data updated regularly.  

It will tell you whenever there’s anything happening on the Sun.  If there’s a big sunspot 

group that has recently showed up or an explosion on the Sun, this is where you will hear 

about it. 

 So let me show you this picture.  This drawing over on the left shows you what the 

Sun looks like today.  So, for example, if I want to know if there are any sunspots, is it 

worth going outside with my telescope to look at a couple of sunspots?  Well, I can check 

this Internet site and it will tell me that these spots, which are numbered — they number 

the spots.  Notice the numbers are up in the 9,000s.  They number them from the 

beginning of a cycle to the next cycle. 

 So there’s been a lot of spots they’ve numbered and these spots are pretty much 
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spread across the Sun evenly.  They’re getting close to the equator.  Here’s the equator.  

There are a couple of spots in the northern hemisphere, but actually right now most of the 

sunspots are showing up in the southern hemisphere.  And so you can check where the 

spots are, how big they are, whether they’re worth taking a look at with a telescope. 

 You also notice at the top of this that it mentions that there was a coronal mass 

ejection that swept past the Earth yesterday.  What’s going on?  Well, there are 

explosions in sunspots on a regular basis.  These explosions occur because there are 

twisted magnetic fields in a sunspot.  And if the magnetic field suddenly decides to untwist 

in part of the spot, that magnetic field shoots material all over the place.  When that 

magnetic field moves and untwists, it just pushes all the material around.  And so that 

becomes an explosion.  Literally, it blows material right off the Sun into space and we call 

that a solar flare. 

 Solar flares are caused by sudden untwistings or twistings of the magnetic field 

usually in or between sunspots.  And so all of a sudden you can get a giant explosion on 

the surface of the Sun that will blow material out into space.  And this particular picture 

over here is a picture from the Soho Observatory showing that mass ejection from the 

Sun that occurred just a couple of days ago.  They occur on a regular basis so you can get 

one of those happening every week probably and they’re occurring because of one of 

these sunspots that suddenly got active and blew material off. 

 And so you can check to see when the material got blown off.  It usually takes that 

material a couple of days to get to the Earth.  It’s a long way, 93 million miles.  That stuff is 

flying at more than a million miles an hour — which sounds pretty fast.  But even at a 

million miles an hour it would take 93 hours to get here.  So that stuff is flying toward us.  



ASTRO 114 Lecture 35 14 

So we always have a couple of days warning.  We see one of these explosions, like that 

one, and we know it’s coming our way maybe and we should get ready. 

 Now, why do I say “maybe”?  Well, sometimes the material is actually going out in 

a direction 90 degrees to us.  That’s not gonna hit the Earth.  It’s gonna go somewhere 

else.  The way you can tell by looking at one of these pictures whether the stuff is coming 

toward us is if it looks symmetrical.  If there’s stuff coming out on both sides of the Sun, 

that means the stuff is coming out in our direction.  So in this particular case you see it’s a 

little bit asymmetrical, but some of the material is actually coming out on the other side.  

So it’s sort of a symmetrical explosion which means it’s generally coming in our direction 

and will probably hit the Earth within a couple of days. 

 So you can check this on a daily basis.  If we do get a lot of activity on the Sun, 

what usually results is an aurora.  And so if there’s an aurora anywhere on the Earth, 

somebody will take a picture of it, send it in to spaceweather.com, and so you see that 

somebody took a picture of this aurora on March 19th.  So you can see that this happens 

on a regular basis.  Yes? 

 [Inaudible student response] 

 The farther north, the better.  If you were up in Minnesota, you’d have a much 

better chance than if you’re down here in Springfield.  But every once in awhile there’s an 

aurora that’s actually strong enough it shows up in Springfield. 

 [Inaudible student response] 

 It would be best to be out of the city just because the streetlights would kind of 

mask it.  You wouldn’t even notice it was happening.  But if you were north of the city, for 

example, out in the country and you happened to look up at the sky, you might see a 
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green glow across the sky or a pink or red glow.  That’s an aurora occurring.  And I’ve 

seen several of them from Springfield.  I saw one last year, one two years ago, and then 

quite a few years before.   

 We’re at solar maximum now and so this is the best time for these things to occur.  

You’ve got a lot of sunspots on the Sun, you have a good chance that there are gonna be 

explosions, you have a good chance there’s gonna be material flying toward the Earth.  

And so auroras go in an 11-year cycle just the way the sunspots do and right now we’re 

pretty much at the maximum for auroras as well. So if you want to check whether 

anything’s happening, this is the place to check: spaceweather.com. 

 There are other things on this website I’ll show you just for a minute.  For example, 

there’s a comet visible in the sky right now.  We talked about comets being discovered on 

a regular basis.  This particular comet, Ekiazong, discovered by a Japanese amateur and 

a Chinese amateur on the same night, back around the first of February, and now these 

two guys are famous because they found a comet that is actually visible to the naked eye 

right now.  It’s just about at its closest point to the Sun.  It’s passing just over the Sun as 

we look at it.  And so if you were to look out in the west tonight, if it was clear, if you had 

binoculars because it’s pretty close to the Sun, after the Sun sets this comet is up and to 

the right of the Sun about 20 degrees.  So it will be setting soon after the Sun.  But if you 

had a pair of binoculars, you might be able to pick it out.  And people have actually 

photographed it.  Notice it has a very long tail.  So it’s a pretty interesting comet and if you 

want to learn more about it, you can just look at this website.  

 Also on this website, since it talks about everything around the Earth, 

spaceweather also has to do with near Earth asteroids.  If we got hit by one we’d certainly 
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like to see it coming.  And so listed here are, as of this date, the number of known 

potentially hazardous asteroids.  Notice the number is over 400.  We have a lot of 

asteroids to worry about.  And it lists the ones that are coming by in the near future or went 

by in the near past.  Some of you may actually have heard on the news yesterday that an 

asteroid passed by the Earth a couple of weeks ago and there it is.  It went within 1.2 lunar 

distances of the Earth.  In other words, it almost got as close as the Moon.  And it was only 

noticed after it went by.  A couple of days later astronomers noticed it and said, “Whooo, 

what’s that?”  But it was already going back out into space. 

 So that’s the kind of thing we don’t know about that could be a big surprise.  And 

this thing was big enough that if it had hit, we’d have another Tunguska meteor event, 

because it was as big as what we expect that Tunguska asteroid to have been when it hit 

Siberia in 1908.  So they do come in.  Notice that a lot of ‘em are pretty far away, 20 lunar 

diameters — lunar distances.  Excuse me.  But every once in awhile you get one that’s 

really close.  And if you want to check on ‘em, this is the website to check on ‘em. There 

are lots of details that you can check on if you want to by clicking on it.  I won’t spend the 

time to go over all those.  But this is the website to look at to keep abreast of what’s 

happening anywhere near the Earth.  Anything that can affect the Earth is listed on this 

website.  Any questions about that? 

 There are a lot of things about the Sun we still don’t know.  As I mentioned, the 

Babcock model is a fairly good model.  Some astronomers don’t accept it as correct.  

They say, “Naah, the Sun is more complicated than that model.  That model may explain 

more or less the sunspot cycle, but it may be a model that was, you know, incorrect but 

still got you some answers.”  Ptolemy’s model of the solar system allowed you to predict 



ASTRO 114 Lecture 35 17 

where the planets were going to be, even though it was totally wrong.  It would be that 

Babcock’s model way down deep is wrong, but it still allows us to explain the sunspot 

cycle. 

 So there are things we don’t know about it, but we’re learning them more and more 

because we have lots of information that we didn’t have even 10 years ago.  We have 

many satellites in space studying the Sun.  We have satellites that are between us and 

the Sun.  The Soho spacecraft is a million miles away from the Earth directly between us 

and the Sun, and it’s actually being held in its position by the gravity of the Earth and the 

Sun.  So it stays in the same position.  As the Earth goes around, it goes around in front of 

us.  So it’s kind of like our early warning system between us and the Sun.  If something is 

gonna hit the Earth, it’s gonna hit Soho first.. 

 And so we get these measurements from this spacecraft and every once in awhile 

you see a picture from the spacecraft that shows this stuff coming at it, and you know, 

“Uh-oh, we’re next.”  And so it’s kind of an early warning system.  And we have all this 

information.  We’re able to study the Sun in detail from space.  We’re able to actually see 

vibrations in the Sun.  All that material that’s coming up to the surface, that’s bubbling up, 

actually is causing the Sun to vibrate.  There are sound waves traveling around inside the 

Sun.  This is similar to the waves that travel around inside the Earth after an earthquake.  

You get an earthquake over here on the Earth and the sound waves travel through the 

Earth, and then they can be measured somewhere else.  And by studying the way the 

sound waves went through the Earth, we can learn something about the internal structure 

of the Earth. 

 Well, if we look at sound waves bouncing around on the surface of the Sun, by the 
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way they bounce around over here and then maybe show up over here, we can learn 

something about what’s happening inside the Sun.  We can learn about the change in 

density inside the Sun, whether there’s a different layer down below, just the way we can 

with the Earth. 

 So what we refer to it as is solar seismology.  It’s like seismology on the Earth 

where we use seismographs to study what’s happening inside the Earth, but now we’re 

looking at the Sun.  So it’s a solar version of that where we can actually watch the 

vibrations on the surface, model them with a computer, and then figure out what had to 

have been happening inside the Sun to cause those vibrations to bounce around the way 

they did.  And by using very sophisticated models, we can actually work out what the 

layering is like below the surface. So, for example, we have a much better idea today 

where the bottom of that layer is for the convection.  How far down does it go before it’s 

just radiative inside?  We can tell where the layer is because the sound waves hit that 

edge of the convective layer and bounce back, and so we can actually measure how deep 

it is.  

 And we’re actually getting to where, after a little bit more work, we may actually 

figure out exactly where that core is observationally rather than just theoretically.  I mean, 

right now we talk about the core of the Sun being the inner 25 percent but that’s because 

we calculate the temperatures down into the Sun.  And where the temperature is too low 

for fusion, we say that’s the edge of the core.  But we’re actually getting to where we can 

measure because of the sound waves going around on the Sun where these layers are 

inside the Sun.  And so we’re getting physical measurements rather than just theoretical 

calculations.  So we’re getting to know a lot more about this.  
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