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 Okay.  I’m gonna finish up our discussion of asteroids this morning and comets, 

and then we’re gonna talk about the solar system in general and how it formed.  I have a 

few pictures to show you.  I’ve already shown you some pictures of asteroids and comets, 

but we keep getting more and more of them as time goes on.  And the ones I showed you 

were on slides, but there are actually some new pictures of asteroids and comets and the 

slides haven’t come out yet so I don’t have them available.  So I’ll show you the pictures of 

them since you may want to see what some new asteroids look like. 

 This is the asteroid Brail and it was taken by the Deep Space tele — not telescope, 

but Deep Space 1 experimental satellite.  I wouldn’t even call it a satellite ‘cause it was 

going around the sun, but it’s a special satellite that was designed to test new instruments.  

So the major purpose of it was actually to do various tests of instruments but they decided 

to send it by some asteroids and comets just to see how that would work.  And so it went 

by the asteroid Brail and this is what the asteroid Brail looks like, and NASA actually put in 

a picture of Deep Space 1 going by it just to show you how it went past the asteroid and 

took its picture.  But I think you can see right away that this asteroid looks like the other 

ones I showed you.  It has a lot of craters on it.  It’s an irregular shape.  It’s not round.  It 

looks like it’s been hit many times.  And so it pretty well looks the same as those other 

asteroids, even though it’s a different one. 

 A couple of years ago another spacecraft called the Near Spacecraft, because it 

was particularly looking for objects that come near the Earth — the Near Spacecraft went 

by the asteroid Eros and actually went into orbit around Eros, and took hundreds of 

pictures of Eros.  And this is just one of them showing what the asteroid Eros looks like.  

Now, if you look at this rock, it looks just like the other ones pretty much.  You have impact 
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craters here and there, you have a distorted shape.  And so I think after seeing four or five 

different asteroids, you start to get a feel for what the typical asteroid looks like.  It’s a big 

chunk of rock, floating around in space.  It does not look nice and round like a planet.  It’s 

been hit many times.  It’s probably just a piece of a much larger object. 

 Also the Deep Space 1 satellite decided to go by a comet — or I guess NASA 

decided to send it by a comet — and this is the nucleus of comet Borelli that it went by just 

last fall.  And so again here’s an object that’s about 15 miles across.  It’s elongated.  This 

one is made mostly of ice because it’s a comet and the comet ice is very dirty.  As you can 

see, there are a lot of dark areas on this comet.  This thing is actually about the brightness 

of charcoal.  It is extremely dark.  They had to take a long exposure just to show these 

areas up.  It is very, very dirty ice. 

 But we see again the general shape of these objects.  Somewhat elongated, been 

hit many times, lots of dents and things on it.  And so comets and asteroids are mainly just 

chunks of stuff that have had many interactions with other chunks of stuff throughout the 

history of the solar system.  

 Over on the left of this picture are a couple of longer exposures.  This little one right 

here is essentially the same as this picture.  But then they increase the exposure a lot so 

you can actually see the gas coming off the nucleus.  So this comet was actually close 

enough to the Sun that gas was streaming off the nucleus.  In the picture on the right it’s 

not obvious because the exposure wasn’t long enough to pick up the gas.  But I think you 

can see the gas over here on the left with the over-exposed image.  So this is a comet 

nucleus rather than an asteroid. 

 Now, as I mentioned, lots of meteoroids come to the Earth and we think they came 
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from asteroids.  Some of those meteoroids have lots of iron in ‘em which to us means that 

they must’ve come from near the center of an asteroid where the iron would’ve settled.  

And so I’ll show you a drawing of how that can happen. 

 We start out sometime back in the beginning of the solar system.  We have an 

asteroid that’s pretty spherical.  That’s because material has fallen together into an object 

and it’s hot.  So if it melts, the iron sinks to the center and the rest of the material becomes 

fairly spherical around it.  Then you begin to have objects running into it causing craters 

and then bigger objects run into it causing big chunks to break off.  And at first these 

chunks would be mostly rock.  But then as the chunks got down into the lower mantle of 

this object, you would start to have some pieces here that were actually iron or partially 

iron. Until at the present time we might have some asteroids where any time a part gets hit, 

iron gets broken off.  And so what we have today for asteroids has little resemblance to 

what probably existed billions of years ago. 

 In fact, we think that billions of years ago when the asteroids first formed, there 

were probably about 30 of ‘em.  Now we expect that there are millions of ‘em.  That’s 

because those original 30 were in orbits that were just a little bit too close to each other.  

And so they began to hit, chunks began to get knocked off, and that has continued.  As 

you get more and more chunks, you have a larger chance of collisions.  So you start out 

with 30 objects and they run into each other.  Suddenly you’ve got 50 or 60.  Then those 

50 or 60 run into each other and suddenly you’ve got 100 or 200.  And then those run into 

each other and suddenly you’ve got 1,000.  And that continues for 4 billion years and 

you’ve got millions of chunks flying around, many of which are very small.  They’re just 

these little tiny pieces that originally broke off way back early in the solar system. 
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 But you also have some larger chunks that break off later and so we have a 

distribution of sizes from fairly large, the main leftover from an original asteroid, plus some 

major pieces of various sizes all the way down to chunks that are as big as this table over 

here.  Fairly small chunks on a cosmic scale.  But there are lots of them floating around.  

Because these objects have been running into each other and running into each other, 

and just sort of spreading their parts all over the asteroid belt and in the inner solar 

system. 

 So this has been doing on for a long time, billions of years, and it will probably 

continue to go on.  And so we can expect more and more asteroids to show up as time 

goes on because they’re not sticking together anymore.  They’re just crashing into each 

other and breaking each other apart. 

 One last thing I want to mention about the asteroid belt.  I have a drawing here 

showing what’s called Kirkwood’s Gaps.  And this shows  you how many asteroids there 

are at various distances from the Sun.  This unit here is in astronomical units so we’re 

starting here at two and a half astronomical units.  This is about two astronomical units.  

And it goes all the way out to five astronomical units which is pretty much the distance of 

Jupiter. 

 So notice that most of the asteroids are in the inner half of the asteroid belt.  Only a 

small number are out toward Jupiter.  That’s because Jupiter’s gravitational influence is 

very disruptive.  And so any time asteroids get too near Jupiter, they get moved out of 

orbit, they get thrown out of orbit, they get captured into Jupiter’s orbit, or maybe they 

even crash into Jupiter.  So Jupiter has pretty well gotten rid of a lot of these objects. 

 But you’ll notice that there are certain gaps that are shown in this drawing and 
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those gaps are regions that Jupiter has cleared out, even far away from Jupiter.  And the 

reason is that at those particular positions, such as two and a half astronomical units, t hat 

is exactly the place where asteroids would have one-third of the orbit period of Jupiter.  

That means that an asteroid right in here would go around the Sun three times for one 

orbit of Jupiter.  But that also means that every third time it goes around, it comes by 

Jupiter again.  And Jupiter’s gravitational pull will pull that asteroid every time it comes by.  

And so if it comes by every third time on schedule, it starts to pull the asteroid out of its 

orbit.  And so any asteroid that was in this orbit would get moved over to one of the other 

orbits. 

 And so we have certain distances from the Sun at which the orbital periods of the 

asteroids are a small fraction of Jupiter’s orbital period, and because of that — here’s an 

example: two-fifths; here’s another example: three-sevenths -- Jupiter is able to pull those 

asteroids out of their orbit and push them into some other orbit that does not have an even 

multiple with Jupiter’s orbit.  And so Jupiter affects these asteroids all the time. 

 But think about it.  Asteroids are going around nice and easily, minding their own 

business, and they keep getting pulled out of their orbits into other orbits.  That forces 

them to cross the orbits of other asteroids.  And so that contributes to the collision process.  

And so Jupiter going around in orbit out here is actually contributing to the continual 

collisions of these asteroids by moving their orbits around.  Because of its gravity, pushes 

and pulls these asteroids around so that they get out of their normal orbit and therefore 

have a better chance of crashing into some other asteroid.  So we can blame Jupiter for a 

lot of the troubles that the asteroids have. 

 Now that I’ve blamed Jupiter, I’ll also mention that Jupiter also keeps a lot of 
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comets that would come in from the Kuiper belt or the Oort cloud from getting into the 

inner solar system.  Because any comet coming in is likely to encounter Jupiter 

somewhere along its orbit and get thrown back out to the outer solar system.  So although 

Jupiter could cause us trouble by causing collisions in the asteroid belt, it probably also 

saves us trouble by pushing comets back out into the outer solar system before they 

come in toward us.  So it’s both good and bad.  Jupiter just pushes its weight around quite 

a bit. 

 There’s one other little thing I want to mention.  Right about in here, right about 

where this two-fifths gap occurs, is also the distance away from the Sun where carbon 

seems to be more abundant in the asteroids.  So from this point in, most of these 

asteroids are made out of rock and iron.  And from this point out — in other words, this big 

group right over here — a lot of the asteroids are the carbonaceous asteroids that I 

mentioned.  These have a lot of carbon compounds.  They don’t seem to have melted in 

the past.  The asteroids are smaller and we think they are more the original material that 

they formed from. 

 In closer, where you have rocky outer mantles and inner cores, it’s fairly obvious 

that a lot of the asteroids melted and that would change the type of material that was there.  

But in the outer solar system, out of the outer asteroid belt, the asteroids did not have as 

much activity occur.  Since they were a bit smaller, they probably didn’t get as hot and that 

meant that they never melted and the material never changed.  And so it stayed whatever 

it was when it first formed.  And so there’s a lot more carbon out here in this outer part of 

the solar system. 

 We also realize from doing calculations that about at this distance, about three and 
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a half astronomical units out, is where ice becomes stable.  If you’re in closer, you’re 

warm enough that at some point the ice could melt or turn to gas.  So if you had an 

asteroid in here at two and a half astronomical units and it had ice on its surface, that ice 

would probably turn to gas after a while and disappear.  But when you get more than three 

and a half astronomical units away, you get to a region that’s cold enough that any ice 

that’s on an asteroid will stay there.  And so not only do we have asteroids out here that 

have lots of carbon but we think there are some asteroids — not too many, as you can tell; 

there’s only a few of ‘em — that may also have ice mixed in with the rock and carbon and 

iron, and whatever else is in there. 

 So we refer to a particular position -- particular distance from the Sun as the soot 

line which is where the carbon becomes noticeable, carbon in the form of soot.  And 

another distance out that we call the ice line and that is the distance at which ice becomes 

stable and doesn’t melt or evaporate from an object.  And so we have these two different 

lines, both in the asteroid belt.  So inside those lines only rock and iron.  In-between the 

soot line and the ice line we have asteroids with lots of carbon.  And beyond that point, we 

can have carbon and ice and anything else that could possibly form still available in the 

chunks of rock. 

 Okay.  Well, that finishes our discussion of the asteroid belt itself.  I’m now gonna 

start talking about the formation of the entire solar system.  How did we get inner planets 

and asteroid belt, outer planets, objects like Pluto?  How did they all form in this solar 

system the way they did?  Well, we have to have some theoretical construction to 

describe this process.  And the theoretical construc tion has been built over, I’d say, the 

last 300 years.  People have been speculating and hypothesizing as to how the solar 
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system could’ve formed, and there have been many different speculations and 

hypotheses.  But they didn’t all fall together into one decent theory probably until the 

1960s.  So it’s been fairly recently that we finally got a theory together that all seems to 

make sense so we can describe the formation of the solar system. 

 And this theory is pretty much due to a Russian theoretician named Victor 

Saffernoff.  Saffernoff studied the solar system, looked at all the things we’ve already 

talked about — the inner planets being rock and iron, the asteroids on the inner portion 

being rock and iron.  And then in the middle of the asteroid belt suddenly you’ve got a lot 

of carbon compounds and in the outer edge of the asteroid belt you’ve got ice.  And then 

when you look at the giant planets they’re all made out of gas.  They have icy moons all 

the way out to Neptune.  And then we have some other objects left over in the outer solar 

system — the comets and the Kuiper belt objects and the Oort cloud objects.  How did 

these all form the way they formed and how can you explain it with one nice theory? 

 Okay.  The solar system formation theory is as follows.  We start out with a large 

cloud.  Now, we need material.  You can’t form the solar system from nothing.  So we 

have to start with something.  We look around the Milky Way Galaxy -- which we haven’t 

talked about yet but I’ll tell you in advance there are lots of clouds and dust floating around 

in the Milky Way Galaxy.  These clouds of gas and dust are fairly thick.  You can’t see 

through them and they are very cold.  When we measure their temperatures, some of 

them are only 10 or 20 degrees above absolute zero.  This is pretty cold.  And so you’ve 

got a big cloud of gas and dust floating around in the galaxy, and it’s very cold and it’s 

opaque.  You can’t see through it. 

 What happens when you have a cloud like this is it’s unstable.  It’s so cold that the 
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gravity of the material is the strongest thing going.  There’s not much motion of particles to 

keep the particles separate from each other.  And so if you have the slightest disturbance 

in this cold cloud, it will begin to collapse.  And so the first thing I mention is gravitational 

collapse.  You have a large cloud — now, how large am I talking about?  Several light 

years across.  This is not a small cloud.  This is a big thing that you can see through a 

telescope as a large, fuzzy looking cloud in space.  This cloud is very cold and it becomes 

disturbed in some way. 

 Now, how do you disturb a cloud?  Well, one possible way is you have two clouds 

run into each other.  You’ve got two clouds floating through the galaxy and they kind of 

bump into each other.  That disturbs each one.  They start going inside each other and 

they become disturbed.  That causes the cloud to begin to collapse because the gravity 

starts to pull it in. 

 Or you could have a cloud going along, minding its own business, and some star 

over here explodes.  Why it explodes we’ll talk about way down the road.  But it explodes 

and it blows material out into space.  Some of that material flies through the cloud and 

disturbs it, kind of pushes the cloud and that unsettles it and it begins to collapse because 

of gravity.  So those are two possible scenarios to cause a cloud to collapse. 

 A third one, if you’re not happy with those two, is that the Milky Way Galaxy has 

lots of magnetic fields.  These magnetic fields are spread all around the galaxy.  You have 

a cloud of gas and dust floating along.  If it runs into the magnetic field, that causes the 

cloud to begin to shrink.  Because if it’s running along this way and it hits the magnetic 

field, it can’t go through the magnetic field very easily and so it kind of piles up on the 

magnetic field.  And as it piles up, that disturbs the cloud which again causes it to 
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collapse. 

 So the big thing is cold clouds are unstable and they can begin to collapse if they 

get the least push.  So there are lots of ways to give ‘em a push and so clouds collapse all 

the time.  Once the cloud begins to collapse, it can’t stop.  It just starts falling in on itself 

and it keeps falling in.  The only thing that happens is that it begins to spin.  Now, this is 

maybe hard to visualize.  But all clouds are moving in one direction or another.  They’re all 

floating through the galaxy in some way.  So the cloud is moving.  Well, if it begins to 

collapse, it’s got momentum.  It’s got a tendency to keep moving.  And so as it shrinks, it 

keeps trying to move and that turns into a spin.  And so the cloud will develop a spin in 

some direction or other.  Whichever direction it happens to be moving the most is the way 

it will begin to spin.  

 Once it begins to spin, the collapse is no longer symmetrical.  If you think about 

a — let’s make a theoretical cloud.  It’s spherical and it’s moving along through the galaxy.  

Now, we know they’re not spherical.  They’re all kinds of odd shapes.  It’s kind of like 

thinking asteroids are spherical and then you see the pictures of ‘em and they’re all odd 

shapes.  Well, it’s the same thing with clouds.  We’ll think of it as spherical but really 

they’re odd shapes. As the cloud runs into something, it no longer is spherical because 

it’s been disturbed and it begins to collapse.  Whatever direction it was moving, it starts to 

spin.  At that point, as the cloud begins to spin, it begins to flatten out into a disk. 

 So here in the top drawing you have the original cloud with a slight spin and in the 

middle drawing you see that it’s begun to flatten into a disk and a central ball.  That’s just 

the way the material will fall in.  Since it’s rotating, the material going around in the 

direction of rotation has more trouble falling in because it’s already spinning.  But the 
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material on the top and bottom of this cloud can fall directly toward the center because it’s 

not rotating in that direction. 

 And so a cloud that’s rotating in a particular direction will have the material along 

the equator of the rotation not be able to fall in very quickly, but the material near the poles 

of rotation will be able to fall in.  And so these clouds always flatten out.  It’s just the way a 

cloud works.  When it falls in, it always falls in in the direction perpendicular to the rotation.  

So you start out with an irregular shape and you wind up with a flat disk with a dense 

region near the center.  In this description that dense region will become the Sun and all 

the flat material going around it will become the rest of the solar system. 

 So we have the original gravitational collapse, then the disk formation, and now 

we’re ready to start forming planets and asteroids and comets and all the other things.  

But what happens there?  Well, we have what we call condensation.  What you’ve got in 

this cloud is a lot of gas and dust.  Now, what do I mean by dust?  I mean extremely fine 

material of some composition that is bigger than gas molecules.  These are little bits of 

stuff that are bigger than molecules.  They’re congregations of molecules and so we refer 

to it as dust. 

 Astronomers have been trying for 50 or 60 years to figure out what the dust is 

made of and we finally concluded that it’s mostly carbon.  Not all, but a lot o f it is carbon 

which, if you think about it, is soot.  Very fine carbon dust.  It’s soot.  Also mixed in with the 

carbon is probably iron.  And mixed in with the carbon and iron is water ice.  And so the 

dust seems to be a mixture of materials — and probably other materials, too, but those 

are the most common.   Carbon, iron, water and silicate materials — rock.  But it’s all dust 

and it’s all very fine stuff floating around in this cloud. 
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 So as the cloud collapses down and flattens out, it’s getting denser and denser and 

denser until you have a lot of stuff all floating around together.  Well, as this stuff floats 

around, it begins to stick together.  And so we call that sticking together condensation.  

You get sticking together of water vapor in the atmosphere and it causes raindrops or ice 

crystals.  You can have hail, you can have anything — snow form.  You have an original 

vapor that sticks together and forms a solid material or a liquid material.  So in this disk 

that’s floating around you get stuff beginning to stick together. 

 Now, if you’d like to see condensation and the next part, accretion, accretion is 

when these little bits of stuff that have stuck together begin to stick together again.  So it’s 

kind of like snowflakes sticking together to make snow piles or snowballs.  You start 

rolling snow together and you make a snowball.  So the accretion is sort of the next step 

after the condensation. 

 So you have the initial sticking together of material and then the accretion into 

bigger and better bits.  If you want to see this process in action, go back to your dorm 

room or your apartment, look under the bed, and you will see little dust balls.  Sometimes 

we call ‘em dust bunnies.  Where did they come from?  They were just dust in the air, little 

fuzzy dust particles, but they come together and they stick together.  And after enough of 

‘em have stuck together, then you see this big fuzz ball sitting there where none existed 

before.  That’s the process of accretion.  It occurred back at the beginning of the solar 

system and it’s still occurring today in your dorm room. 

 And so this happens all the time.  Dust sticks together.  If you leave it long enough, 

you get big dust bunnies.  And if it’s floating around in the solar system, the chunks get 

bigger and bigger until you’ve got enormous things floating around, running into each 
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other, and sticking together, making bigger and bigger objects.  So it starts out as dust.  

But because it’s dense, there’s a lot of it, they begin to stick together into these dust balls 

and the process of accretion takes off.  And suddenly you have millions of little objects 

floating around the forming Sun. 

 These little objects start out as small, maybe the size of this room, and then they 

get bigger, the size of the building, and then bigger yet, the size of Springfield, and they 

just keep getting bigger.  Because as they get bigger, they run into other ones that make 

them even bigger.  And so they kind of stick together and stick together until suddenly 

you’ve got what we call planetesimals, small bits of planets.  Planetesimals could be a 

mile across, five miles across, 20 miles across.  These are big chunks that have formed 

from the original little dust balls and are now floating around in the solar system. 

 Notice they’re all going to be going in the same direction.  All going in the same 

direction.  And pretty much in the same plain.  Because the disk collapsed down to a flat 

disk.  Most of the material is in that disk.  And so anything that forms in the disk is going to 

be going in that same direction and pretty much be in the same plain.  So when we look at 

our solar system today we see all the planets pretty much in the same plain.  They’re all 

going around in the same direction.  Except for Uranus and Venus, they all rotate  in the 

same direction.  All the moons that we think formed with the planets go around in that 

same direction.  So everything follows this direction around the solar system.  Pretty 

uniform formation.  We would’ve started out with millions of planetesimals .  As time went 

on, some would get bigger than others and kind of take over.  And so you’ll have some 

that become very large at the expense of a lot of smaller ones, and so you get fewer and 

fewer very big ones because the littler ones are running into the  big ones and making 
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them even bigger.  

 So at point we had planets forming from the planetesimals and we had objects that 

got caught in orbit around the big planetesimals, because they didn’t actually fall into them.  

They just went into orbit around them.  And so those became the moons of these planets.  

But there were a lot of objects that probably didn’t get together as part of the planets or 

part of the moons, and so they would have near misses with the moons or the planets and 

get thrown into the outer solar system.  Those became the comet nuclei.  Or they may 

even have gotten thrown completely out of the solar system so they’re gone.  They’re not 

even part of the solar system anymore. 

 And so a lot of the comet nuclei are the chunks that got thrown away from the 

planets as they were forming because it was a very messy process.  Some things were 

falling into the planets, other things were going by them and getting thrown into the outer 

solar system.  Probably the asteroids formed and couldn’t become a bigger planet 

because Jupiter had already formed outside their orbits.  And so every time Jupiter went 

by, it disturbed these objects and kept them from all falling together into one object. 

 So the reason we have an asteroid belt is probably because Jupiter got there first 

and its gravity disrupted those objects that were trying to fall together.  Until at some point 

they had already formed into asteroids and then they cooled off.  See, this process goes 

on best when the material is warm.  And when the Sun was just turning on, this cloud of 

material around it would’ve been fairly warm.  All the dust would’ve been absorbing the 

heat and things would’ve been sticking together. In fact, this is a best guess as to 

what materials would be able to stick together and condense at various temperatures in 

the original cloud. 
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 And so we have -- close to the Sun up here, only very, very hardened materials like 

tungsten or aluminum oxide would be able to condense into these little dust bunnies.  It 

was too warm close to the Sun for ice to condense, for example.  Water vapor would have 

no chance of turning into liquid drops or ice crystals close to the Sun.  But even silicates 

would not be able to become little bits of rock in close to the forming Sun just because the 

temperature was too hot.  But as you get farther away from the Sun, the temperature gets 

lower and you have a better chance for these materials to form. 

 So Mercury, being the closest planet to the Sun, would only have had these heavy 

materials to work with.  The only things that would’ve condensed and accreted near the 

orbit of Mercury would be iron, aluminum oxide, tungsten, and maybe a few silicates that 

actually condensed farther out but maybe had their orbits disturbed by near passes of 

other planets and so got thrown in toward Mercury.  When we look at Mercury, it almost 

looks like a giant iron core with a thin mantle of rock around it.  Mercury has the highest 

proportion of iron of all the planets.  And so it seems to have had very little material to 

work with because it’s in so close to the hot Sun. 

 Farther out we have Venus and Earth, and they could’ve picked up iron and 

silicates and maybe a little bit of the carbon rich silicates that would’ve formed farther out 

if those objects got disturbed and came in and hit the Earth and Venus.  And then when 

you get out toward Mars and the asteroids, they could pick up a lot more of the carbon rich 

silicates and the silicates.  And then once you get out beyond this asteroid region, you get 

to where the ices could form. 

 And so we can actually see in the asteroid belt, where I mentioned the soot line 

and then the ice line, these are left over from where the carbon rich silicates could form 
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and where the ices could form.  And so we have a hierarchy of materials that could 

condense and then accrete.  Only the heavier materials could condense and accrete in 

near the Sun.  But as you get farther from the Sun, you get to a region where anything can 

condense and accrete. 

 And the hardest thing to condense and accrete are the ices.  The first ice to 

condense would be water ice.  That’s stable out in the outer asteroid belt.  You’d have to 

go much farther out, almost to Uranus, before you get to where carbon dioxide ice would 

be able to accrete.  Because dry ice, as we call it, is much colder and so you need much 

colder temperatures to form it.  But when you get to the outer solar system out near 

Uranus and Neptune, any kind of ices would become ices.  Water vapor turning into ice, 

carbon dioxide turning into dry ice, methane turning into methane ice, ammonia gas 

turning into ammonia ice.  All these more difficult kinds of ices could have condensed and 

accreted in the outer solar system. 

 And so what we notice is that Uranus and Neptune have the most material that 

comes from ices: water, carbon dioxide, methane, ammonia.  That’s what these planets 

are made of.  Whereas Jupiter and Saturn don’t have quite as many of those because 

they formed farther out. 

 Now, there’s one other thing that I have to add and that is that once an object has 

turned into a planet, it then can begin to pick stuff up strictly because of its gravitational 

pull.  Not because things are just accidentally running into it.  But once it becomes a major 

gravitational influence, it starts to pull stuff in that otherwise would have missed.  And so 

objects begin to fall in even more than they would otherwise once you get a major planet, 

like Jupiter or Saturn or Uranus or Neptune.  They begin to clean up all the chunks in their 
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vicinity. 

 So the last section that I mention here in this formation process is the cleanup part 

of it.  Because you’ve still got a lot of objects flying around.  You’ve got hundreds of 

objects.  You have some major objects that are becoming planets, but you’ve still got a lot 

of minor ones.  And so the gravity of the major objects begins to clean out the rest of the 

objects.  They either fall into the planet or they get thrown out of the solar system, but 

there’s no in-between. 

 Now, there actually is a little bit of in-between.  We know that because we see all 

the asteroids floating around in the solar system today.  But they are not permanent.  A lot 

of those asteroids that cross the orbits of the planets are sooner or later gonna hit the 

planets.  They’re still being cleaned up.  Well, that cleanup process actually started 

billions of years ago and it’s kind of tailed off, but it’s still happening to a certain extent 

even today.  

 The number of objects running into the planets and the moons has died off.  So 

when we look at our own Moon which formed during that last accretion part, where big 

objects were beginning to run into each other, we had an object the size of Mars, we think, 

run into the Earth.  And so that Mars sized object disappeared, became part of the Earth.  

There were probably objects running into Venus, objects running into Mercury, objects 

running into Jupiter.  The same thing was happening all through the solar system. 

 And so this process went on until there weren’t any big objects left to run into each 

other.  They all had nice orbits that completely avoided each other so that Venus and the 

Earth could co-exist because they didn’t cross each other’s orbits, they didn’t come 

anywhere near each other, and so it became a stable solar system.  If we had orbits that 
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were very elliptical today, we’d still be having planets crashing into each other.  But 

because the orbits were circularized from the collisions, the only ones that could survive 

were the ones that had almost circular orbits.  What we see today are the survivors and 

the other ones are gone.  They just couldn’t make it for 4 billion years if they were going 

across other planets’ orbits. 

 And so this cleanup process takes a long time but it does make the solar system, 

after billions of years, look fairly neat.  But it also makes our job very difficult, trying to 

explain exactly what happened to each planet.  Here we’re trying to explain why the Earth 

has a Moon by saying that 4 billion years ago -- or even more, 4 -1/2 billion years ago — 

some object the size of Mars crashed into the Earth.  Well, we have only circumstantial 

evidence for that.  We have computer calculations that seem to work.  It’s better than 

nothing.  We also have some evidence from the Moon as to what it’s made of.  That helps.  

But still it’s kind of a leap to talk about this object the size of Mars crashing into the Earth, 

because we don’t have it around anymore to prove it. 

 And so each planet probably has these things happen to it that are hard to back up 

and have another look at because they’re gone.  Whatever happened happened and we 

don’t have much evidence left.  Why is the planet Uranus tipped over on its side?  Most of 

the other planets are up more straight perpendicular to the orbits around the Sun.  Why is 

Uranus tipped over so hard?  Could be that way back at the beginning of the solar system 

there were two objects sharing that orbit and they crashed into each other.  And so the big 

mess that was left over was tilted on its side.  That’s one theory for how Uranus got that 

way.  But we don’t know.  That’s just theorizing or speculating on what went on.  We really 

don’t see a lot of evidence for it to prove that that’s what happened. 
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 And so we have these little peculiarities in the solar system and we try to figure out 

how could that have gotten that way.  And maybe we’re right, maybe we’re wrong.  We’re 

trying to take a guess.  We’re trying to figure out what went on when there might’ve been 

20 planets going around the Sun.  But they were crossing each other’s orbits and so there 

was a lot of cleanup in progress.  And so 4-1/2 billion years later we’re looking at the 

results, trying to say how it all got that way.  And sometimes it’s just very difficult. 

 And so probably there are things about the solar system we’ll never understand 

because it happened so long ago and the evidence is buried deep inside the planet itself 

that we’re not really gonna know exactly how it got that way. 

 Okay.  We’ll continue this tomorrow. 


