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 Well, we’ve talked about the planets, the inner planets and the outer planets, and 

now we’re going to discuss the little bodies in the solar system, what you might say is the 

leftovers, but these are interesting.  We’re gonna talk about asteroids and comets, and 

things that are sort of in-between. 

 Now, it used to be thought there were only two kinds of objects, asteroids and 

comets.  Asteroids were in the inner solar system, comets were in the outer solar system.  

So we’ve already talked about those two separate parts of the solar system.  The part 

near the Earth, Mars, Venus and Mercury, that’s the inner solar system.  All those planets 

are hard, rocky objects with metallic cores, thin atmospheres.  And so asteroids are 

thought to go with those planets.  Asteroids are rocky bodies, probably have no 

atmospheres because they’re too small, but they are similar composition to the inner 

planets.  Most asteroids go around in a region we call the asteroid belt.  That’s between 

the orbits of Mars and Jupiter.  But there are asteroids going around in many other places.  

That’s just where they mostly go, between Mars and Jupiter. 

 Comets, on the other hand, are usually in the outer solar system, out beyond the 

orbit of Neptune.  Now, we have that outer solar system of Jupiter, Saturn, Uranus and 

Neptune, all gas giants.  And so if we think about what kind of objects might be near them, 

we might contemplate that they could also be made mostly out of gases.  And it turns out 

that comets — at least comet nuclei — are mostly made out of ices.  

 If you remember when we looked at the satellites of the outer planets, we looked at 

the satellites of Jupiter.  They were covered mainly with ice.  The satellites of Saturn, 

covered mainly with ice.  And the same with Uranus and Neptune.  Their moons were 
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covered with ice.  There’s a lot of water in the outer solar system but it’s all in the form of 

ice.  And so when we look at the smaller objects, those objects that aren’t big enough to 

be planets but are still floating around out there, lo and behold they’re mostly made out of 

ice. 

 So we have these two natural divisions.  Small objects in the inner solar system, 

asteroids made out of rock and maybe a little iron.  Objects in the outer solar system more 

related to the outer planets mostly made out of ice.  We’re now realizing that we can’t just 

say all asteroids are in the inner solar system and all comets are in the outer solar system 

because we’ve d iscovered that there are some comets in the inner solar system.  They’re 

going in orbit with the asteroids.  And there seem to be some objects that may actually be 

asteroid like going in orbits among the outer planets. 

 And so it’s become a little bit more fuzzy, you might say.  We’re not exactly sure 

that they’re totally separated.  There is an overlap of objects.  And this is probably 

because objects in the solar system move around.  Asteroids may originally have been all 

in the inner solar system.  But you have a collision of a few asteroids and maybe one of 

them gets knocked out into a larger orbit.  Same way, you have mainly comets in the outer 

solar system.  Maybe a comet comes too close to Neptune, gets its orbit suddenly 

changed, and winds up coming into the inner solar system and finding out that the 

asteroid belt is a better place to orbit. And so you’re gonna have a mixture of these objects 

just because they interact. 

 The author of your chapter on small objects has this drawing showing almost too 

many different things, but I’ll try to describe them.  This is about as good as I’m gonna get 
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the focus.  Anyway, this is the inner solar system here.  Here’s the Earth in its orbit, here’s 

Mars in its orbit, and you see a whole bunch of orbits outside the  orbit of Mars.  Those are 

all orbits of asteroids.  And right in the middle of it you see one named asteroid, the 

asteroid Ceres.  Ceres is the largest of the asteroids.  It’s over 500 miles across.  So as far 

as planets are concerned, it’s pretty small.  In fact, as far as the Earth’s Moon is 

concerned, Ceres is pretty small.  But it’s a big object among the asteroids because most 

asteroids are less than 500 miles across.  In fact, the smaller the objects, the more 

numerous they are. 

 So when you get to objects less than 100 miles across, there are a lot more of them 

than there are objects more than 100 miles across.  When you get to objects that are 10 

miles across, there are a lot more of them than there are objects 100 miles across.  So the 

smaller the objects, the more numerous they are.  You might wonder, “Well, how small 

can an asteroid be?”  There might be some about the size of this room.  That’s pretty 

small.  That’s just a big rock.  There’s some line where you’re gonna say, “Well, I don’t 

even think that’s an asteroid.”  But it’s a pretty small object before you stop calling it an 

asteroid. 

 So we have objects going from 500 miles across all the way down to objects the 

size of this room going around the solar system in orbit — just like the planets go 

around — but mostly between the orbits of Mars and Jupiter.  How many of them are there?  

Well, they show a couple of dozen orbits there.  We expect that there are more than 

100,000 asteroids.  That’s a lot.  We haven’t discovered all of them.  We have discovered 

fewer than 40,000.  And you may think, “Well, that’s not too many if you think there’s over 
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100,000.”  But actually, most of that 40,000 has been discovered in the last ten years.  

Ten or fifteen years ago I would’ve been saying, “We know about 7,000 or 8,000 

asteroids.”  But during the last 10 years, astronomers have made significant progress in 

discovering more and more asteroids.  And the reason is we now have more sensitive 

instruments and we’re able to discover more of the smaller objects.  It used to be 1500 

years ago you only discovered an asteroid if it were many miles in diameter.  Now we’re 

discovering asteroids the size of this room. 

 And so we’re finding many of the smaller objects that we suspected might’ve 

existed, but we really didn’t know because we hadn’t seen ‘em.  And so every year now 

we find thousands more asteroids.  There are probably being dozens discovered just 

today and tomorrow.  Because the surveys that are going on, astronomers are looking at 

asteroids all the time and they’re finding more and more and more.  So we’re on our way 

to finding all those 100,000 we think are out there, but we’re still less than halfway there. 

 So there are a lot of asteroids we have not yet seen, a lot of asteroids we don’t 

know about.  And you might say, “Well, so what?  A bunch of little objects going around 

between Mars and Jupiter.”  Not all of them go between Mars and Jupiter.  You’ll notice 

some of these asteroids have orbits that go in and cut through the orbit of Mars or the orbit 

of the Earth or the orbit of Venus.  Those asteroids probably had some sort of a collision in 

the asteroid belt which changed their orbits.  And so they have moved into a different orbit 

which crosses the orbit of the planets. 

 If you have an object that keeps crossing the Earth’s orbit, sooner or later the Earth 

may be there when it crosses that orbit.  And if it is, then we’re gonna have a collision.  
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And so astronomers are particularly concerned with any asteroid that comes near the 

Earth.  And you might say, “Well, how many are they?”  We have hundreds of them that 

we consider problem cases.  I think the last number I saw was about 380 Earth crossing 

asteroids that could be potentially dangerous.  So that’s a lot of objects. 

 Now, let me show you where they all are.  This is a plot — and I know it may be 

overwhelming when you first look at this drawing, but this is an actual plot of where all the 

known asteroids are now.  Every one of the green dots here — which are so numerous 

they almost go together — are known asteroids.  They’re all catalogued.  This is a 

computer plot of where they all are at the present time.  Notice this is the orbit of Mercury, 

Venus, Earth, and Mars.  All the red dots are objects that are close to the Earth or cross 

the Earth’s orbit. 

 And so you see there are a lot of them, hundreds of them, on this graph.  And they 

are small in number compared to the number of asteroids out in the asteroid belt, but still 

there are quite a few.  And they’re all going in orbit, crossing the orbits o f the inner planets.  

So sooner or later one of these asteroids is gonna hit one of those inner planets and 

there’s always that chance that planet will be the Earth. 

 And so we are concerned about it.  We keep looking for them.  We don’t want to be 

blindsided by an asteroid coming from the wrong direction and we’ve never noticed it 

before.  And so all of these particular objects have been catalogued.  We do know their 

orbits.  That’s how we’re able to plot them on the graph.  And so we keep an eye on their 

orbit and say, “Okay.  Is there any chance that they’re going to come in and hit the Earth 

or come close?”  
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 So far most of them are passing us at what we would consider a reasonable 

distance.  And so we don’t know of any asteroids at the moment that are on collision 

courses, let’s say, in the next 100 years.  But since we have catalogued less than half of 

the number we think are out there, that’s no guarantee.  All we have found are the ones 

that so far are safe. 

 Notice I say “for 100 years.”  Some of these asteroids may be on a collision course 

in 300 years or 1000 years.  We really can’t calculate their orbits reliably that far away.  

And the reason is that they interact with each other, they interact with the inner planets, 

and so their orbits change over time.  If you have an asteroid come by the Earth at twice 

the distance of the Moon — well, that’s pretty safe.  Didn’t get anywhere near us.  But its 

orbit gets changed as a result of that.  As a result of the Earth changing that asteroid’s 

orbit, it might go and collide with Venus.  So we’re quite happy it went by the Earth and 

missed us.  But because it went by the Earth, its orbit changed and it goes on a collision 

course with Venus. 

 So you have to worry about the fact that 100 years from now an asteroid might go 

by Venus, come close enough to that planet that its orbit gets changed, and it heads off 

toward the Earth.  So we can calculate the effects maybe 100 years away, but not much 

farther away than that because it gets too complicated.  Yes? 

 [Inaudible student response] 

 So far, no.  We have actually sent spacecraft to these asteroids to get pictures of 

them and you actually have to be, you know, very precise in sending the spacecraft out 

just to get close enough to them to get a photograph.  They will collide with each other and 
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they will collide with the Earth every once in a while, but there’s still a lot of space between 

them.  I know, looking at this picture, it doesn’t look like there’s much space between them, 

but there’s a lot of space out there.  And so it’s kind of like airplanes flying in the sky.  

There are a lot of planes.  If you look at a map of the United States at any particular time 

how many planes are in the air, you might say, “Wow, there are a lot of airplanes up 

there.”  But they’re missing each other by quite a bit.  It’s only in a rare instance, maybe 

near an airport, when you might get a collision if you’re not careful. 

 Same thing here.  Most of these objects are missing each other by large distances.  

It’s only once in a while one of ‘em gets too close to the other and there’s an impact.  So it 

looks crowded and you might worry that your spacecraft going out to Jupiter would run 

into an asteroid.  Chances are pretty small.  Question? 

 [Inaudible student response] 

 No.  There was some concern about it because we did have to send the Voyager 

out through the asteroid belt, but it turned out it never went near any objects.  We had 

many fewer catalogued at that time, probably only 7,000 or 8,000 when the Voyagers 

went.  And so, yeah, there’s a much bigger possibility that we might be going by an 

asteroid we didn’t know was there.  But there was no problem.  There was a little bit of 

concern, but turned out not to be necessary.  If we sent 10 of ‘em out, we might’ve had a 

problem with one.  I don’t know.  But we only sent two Voyagers out and neither one had 

a problem. 

 And since then we have sent other spacecraft.  We sent the Galileo mission out to 

Jupiter and we’ve sent the Cassini mission out to Saturn.  Neither one of them has had a 
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problem.  In fact, the Galileo mission was purposely sent to a couple of asteroids to get 

pictures of them and it didn’t have any problem going by those asteroids and taking 

pictures and then going on.  Any other questions? 

 Okay.  This is the inner solar system.  This is out to Jupiter.  This is Jupiter’s orbit 

right here.  Notice that when you get close to Jupiter there aren’t that many objects.  Most 

of the objects are much closer to Mars’s orbit than they are to Jupiter’s.  If an asteroid gets 

too close to Jupiter, it either gets shoved into a different orbit because of Jupiter’s gravity 

or it might actually wind up colliding with Jupiter.  So Jupiter tends to clear out the area 

right around it. 

 Here’s a drawing or a plot of the outer solar system.  Now, we’re ignoring all the 

inner asteroids.  All we have are objects from Jupiter on out.  This is Jupiter’s orbit and 

Saturn’s and Uranus’s and Neptune’s.  We haven’t bothered to put Pluto’s on here.  But I 

think you can see that there’s a group of objects over here and a group of objects over 

here that are actually in Jupiter’s orbit.  These are called the Trojan asteroids.  These are 

asteroids that have actually been captured by Jupiter.  They originally were probably in 

the asteroid belt, in close to Mars.  But because they got out too close to Jupiter, they got 

trapped in Jupiter’s orbit. 

 It turns out that if you do the equations of Newton’s Laws and figure out how the 

gravity works for asteroids going near Jupiter, asteroids are actually safe if they are on 

either side of Jupiter.  So actually Jupiter would be right here and this group of asteroids is 

60 degrees behind Jupiter or about 60 degrees ahead of Jupiter in its orbit.  And those 

positions are actually stable positions.  In other words, these objects are mimicking 
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Jupiter in a way, going around the solar system in Jupiter’s orbit, but it’s only safe if they’re 

about 60 degrees away from Jupiter as they go around. Because of that particular 

position, Jupiter and the Sun actually keep those asteroids in orbit.  So Jupiter does affect 

the orbits of these asteroids and does capture them into these particularly stable 

positions.   

 But notice there are a lot of other asteroids that are out around Jupiter and Saturn 

that are not in as stable orbits.  They could be crossing the orbit of Jupiter or Saturn, and 

so they may not last too long.  They may find themselves in the wrong position at some 

point and have their orbits drastically changed or they may actually crash into Jupiter or 

Saturn. 

 Then it gets fairly thin.  Notice there are a few objects out here beyond the orbit of 

Saturn and around the orbit of Uranus, but it’s pretty thinned out until you actually get just 

about to the edge of Neptune’s orbit.  And then outside Neptune’s orbit you have a bunch 

of objects.  These are objects that we now call Kuiper belt objects.  Now, why do we call 

them that?  Well, there was an astronomer back in the 1950s named Garrard Kuiper who 

theorized or hypothesized that there were a group of objects outside the orbit of Neptune.  

And he said he believed that these objects were where comets came from.  In other words, 

there were a bunch of objects going around in orbit and every once in a while one of them 

would come in to the inner solar system and we would see it as a comet. 

 We hadn’t discovered any of these when he proposed that.  In fact, the first object 

of any of these that are now shown on this graph was discovered around 1992.  That’s 

only 10 years ago.  We knew of none of ‘em until 1992.  But techniques for finding them 



ASTRO 114 Lecture 26 10 
 
have improved enough that within the last 10 years we have literally found hundreds of 

them.  There are actually more than are shown on this graph because I wasn’t able to plot 

above or below.  I’ve only shown the two sides of the graph.  And so there are actually 

hundreds of these Kuiper belt objects that have been found.  The average size of the 

objects we’ve found are maybe 50 miles across.  They’re the size of, you know, moderate 

size asteroids.  Some of them are probably smaller.  They might be 20 or 30 miles across. 

 There are a few objects that have been found that are actually bigger than Ceres, 

the largest asteroid.  Some of them are more than 500 miles across so they are big 

objects.  And I mentioned one small group of them last week and that was the Plutinos, 

objects that are going in Pluto’s orbit.  They follow Pluto or go ahead of Pluto in Pluto’s 

orbit, but essentially have the same kind of orbit as Pluto has but they’re much smaller 

objects.  They’re kind of mimics or relatives of Pluto in some way that are going around in 

the same kind of orbit. 

 So a small group of these Kuiper belt objects have a separate name called Plutinos 

and we think they are related in some way to Pluto.  And, in fact, what you might say is 

that Pluto is the largest Kuiper belt object and is the largest group of the group called 

Plutinos.  So if you don’t like Pluto being a planet, you can give it a different name.  You 

can call it something else, a Kuiper belt object or a Plutino, because it does actually have 

an orbit out here among these other objects. 

 We think these other objects are by and large comets or what become comets if 

they come into the inner solar system.  But most of these are quite happy to go around in 

orbit outside the orbit of Neptune and never really come in close at all.  And so you can’t 
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call them comets because our working definition of a comet is an object that comes in 

toward the Sun and begins to vaporize that we see a tail and a cloud of gas and we think 

of it as what the name means, hairy star.  The word “comet” means a hairy star.  And it 

was called that thousands of years ago because it looked like a star with fuzz and a tail.  

So what else are you gonna call it except a hairy sta r? 

 Well, what is this object?  Well, it’s probably one of the chunks that are out here, 

maybe a small one — 10, 20, 30 miles across, maybe a bigger one — 100 miles across, 

that somehow gets its orbit disturbed and starts to come in to the inner solar system.  

Many of them don’t come all the way in to the Earth.  Many of these objects might only 

come in as far as Jupiter’s orbit and then go back out.  So they have pretty big orbits.  

They’ll come around once every 1000 years or 800 years, or something, and so we don’t 

notice them.  They stay far away, they’re small, they don’t come in closer than Jupiter, so 

it’s no concern of ours. 

 The ones we do get concerned about are the ones that come right in past Jupiter 

and come right in towards the Earth’s orbit or Venus’s orbit or Mars’s orbit.  Then we begin 

to notice them and then we begin to worry about them.  And the reason we worry about 

them is that they might actually collide with the Earth.  We have to worry about not only 

asteroids that get knocked out of their orbit, hitting the Earth, but even the outer solar 

system objects coming in and every once in a while impacting the Earth. 

 Now, what are the chances of that?  Fairly small.  Every year we discover, oh, 

maybe 50 comets.  That’s not a tremendous number.  It’s actually smaller than the 

number of asteroids we’ve been discovering recently.  But of those 50 comets, one or two 
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of them probably crosses the Earth’s orbit very nicely.  And so you’ve always got that 

small possibility that it might cross the Earth’s orbit at the wrong time while the Earth is 

going by and then you have the possibility of an impact.   And so we have both comets 

and asteroids to concern ourselves with. 

 Now, it turns out that not all comets come from this Kuiper belt region right outside 

of Neptune’s orbit.  And the reason we know that is that there seem to be two different 

groups of comets.  One kind of comet, the ones from the Kuiper belt, have orbits that are 

similar in position to the orbits of the planets or the asteroids.  They tend to go around the 

Sun in the same direction as the planets and asteroids do. 

 Everything in the solar system is going around counterclockwise as you look at it 

from the north, so that every planet from Mercury all the way to Pluto is going around the 

solar system counterclockwise.  All the asteroids are going around the solar system 

counterclockwise and most of these Kuiper belt objects are going around the solar system 

counterclockwise.  So we have this uniformity of motion.  So if a comet comes in from the 

Kuiper belt, it’s going to go out of orbit and probably come in in this direction.  In other 

words, it’s still moving around the solar system counterclockwise just like the planets and 

the asteroids. 

 But every once in a while we get a comet come in and it comes in from a 

completely different direction.  It comes in perpendicular to the orbits of the planets.  It 

comes in the wrong way.  It comes in clockwise.  And we think, “Well, where did that one 

come from?  That’s got a very strange orbit.”  Well, it turns out that quite a few of them 

have these very strange orbits.  They obviously did not come from the Kuiper belt 



ASTRO 114 Lecture 26 13 
 
because their orbits go nowhere near the Kuiper belt.  Some of these comets come in 

from distances that are 10 or 20 or 30 times farther away than the Kuiper belt objects. 

 And so there must be another group of objects out there that are even farther away 

than the Kuiper belt and we call those objects part of what we refer to as the Oort cloud.  

Another astronomer named Yan Oort proposed that there was a cloud of objects around 

the solar system.  Now, notice I’m using two different words here: the Kuiper belt.  Think of 

a belt as a ring around the solar system.  So those objects are more or less in the plain of 

the solar system.  But an Oort cloud, a cloud of objects all around the solar system, more 

or less in a spherical distribution.  Two completely separate groups of objects. 

 And Oort proposed that these objects could come in from any direction and go by 

the sun in any direction because they had no preference for the plain of the solar system.  

Whereas all the Kuiper belt objects, all the planets, all the asteroids, are all in the plain of 

the solar system.  So you’ve got a totally separate group of objects that are in a spherical 

distribution with no preference to the plain of the solar system.  

 If we try to draw that up, we get a drawing something like this.  This shows you the 

Oort cloud.  Is that better?  A little bit?  This is the plain of the solar system here, 

horizontally across this drawing.  The Sun is right in the middle.  And I think if you almost 

defocus your eyes — or actually the picture is pretty well defocused the way it is — you 

can see that there’s a flat region of stuff here and then a separate material that seems to 

be all the way around the Sun.  This would be the Kuiper belt around the plain of the solar 

system and out farther a cloud of comets.  This cloud of comets probably has millions of 

objects in it, maybe billions.  Large, large number.  Most of these objects stay in the outer 
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solar system.  They never come in toward the sun.  They never come in even near 

Neptune’s orbit.  They stay in orbits way out here.  But if you do gravitational calculations, 

you realize that even a passing star — let’s say some star out in the sky goes by the Sun 

a light year away.  That may seem like a large distance.  But even a star passing by the 

Sun a light year away could have enough gravitational influence to throw some of these 

comets out of their normal orbits.  And so one of ‘em could get disturbed — or actually a 

bunch of ‘em could get disturbed and start to go in toward the Sun. 

 And so every once in a while one of these objects comes in toward the Sun, 

suddenly goes by and then goes way back out and we never see it again.  The size of 

these orbits is big enough that these comets would only come in once every 10,000 years.  

And so if we see it once, that’s the only time we’re gonna get to see it.  We haven’t been 

studying comets for 10,000 years.  So these are sort of one time passerbys.  They will 

never come back, at least as far as the history we’re concerned about, and so we never 

know they’re coming because we’ve never seen ‘em before. 

 We’ve never figured out their orbits before.  They just suddenly come in from any 

old direction.  They could come in from the south, they could come in from the north, any 

way you want.  They come down perpendicular to the plain of the solar system.  They go 

around the Sun and they go back out.  We had one do that a couple of years ago and 

astronomers actually got concerned about its orbit.  Its orbit comes almost perpendicular 

to the plain of the solar system, goes around the Sun and back out, right past the orbit of 

the Earth. 

 Now, it didn’t come close to us a couple of years ago.  But astronomers calculated 
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its orbit and realized that at some point in the future it’s gonna come back down and go by 

the Earth’s orbit again, right through the Earth’s orbit.  Well, if the Earth happened to be 

there, we could have a collision with that object.  And so any time one of these comes in, 

we have to do a careful calculation of its orbit to see whether it is a danger.  Most of the 

time if it goes by once we don’t have to worry because 10,000 years from now we’ll let 

somebody else worry about it. 

 But what if it had an orbit that got changed as it went through the solar system?  

What if it went by the Earth, went back out but it got slowed down because it went by the 

Earth, and so its orbit changed and so it’d come back every 100 years.  That would be 

something to worry about.  Because 100 years from now, people might want to know that 

this object is coming back and is on a collision course. And so we always try to calculate 

detailed orbits for every one of these objects and then see whether they are dangerous. 

 Now, where did these objects come from?  We’ve got these comets out there, 

these little objects going around the Sun at large distances.  We think they’re leftovers 

from the formation of the solar system.  We’ll be talking about, in the next chapter, the 

origin of the solar system and how it actually formed.  For now, I’ll just say that there used 

to be a large cloud called the solar nebula and from that cloud the solar system formed.  

Some of the objects that were forming in that cloud never became part of the planets, 

never became satellites of the planets, never became asteroids, never became Kuiper 

belt objects.  They were just left over and never got into a normal orbit in the plain of the 

solar system. 

 So these objects are still floating around out there in their own orbits, fairly far from 
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the Sun, and are now part of that Oort cloud.  They probably didn’t start out out in the Oort 

cloud.  Many of them may actually have started out close to the orbits of Jupiter or Saturn 

or Uranus or Neptune.  But a lot of objects going by those planets don’t necessarily collide 

with those planets.  If you have a comet going by Neptune, there’s a good chance it will 

miss Neptune because Neptune’s actually a fairly small target compared to all the space 

around it.  And so an object going by Neptune has a better chance of actually being 

thrown out of the solar system than it has of crashing into Neptune.  So if there were a 

bunch of objects that were forming the solar system billions of years ago, most of them 

would actually have gotten thrown out of the solar system rather than by colliding with the 

planets, becoming a part of the solar system. 

 And so what these comets are are those remnants that got thrown out into very 

large orbits.  Not far enough that they actually escaped the Sun completely, but got into 

very large orbits that are way outside the orbit of the planets.  And so these are the 

leftovers from the formation of the solar system.  All the little bits and pieces that didn’t 

actually fall into the planets and become part of them. 

 Now, as you know, a lot of objects did fall into the planets.  We look at the inner 

planets and we see impact craters all over the surface of Mercury.  Those are the last 

objects that collided with Mercury as it was forming.  All those chunks of asteroid and 

probably comet fell in and hit the planet and became part of it.  But probably just as many 

of them or more of them got thrown into bigger orbits out of the solar system because they 

had a near miss with the planets rather than actually colliding with them. 

 And so what we’re seeing out here — well, we’re not seeing them, but we’re 
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hypothesizing that they’re there because every once in a while a comet comes in — are 

these chunks left over.  Average size of these chunks?  Anywhere from 10 to 100 miles 

across and mostly made out of ice.  Probably a little bit of rock mixed in with the ice, but 

mainly icy things. 

 This is a drawing showing you what that process probably looked like.  As these 

objects were forming and turning into planets, a lot of them got thrown out. Now, the top 

here says “Escape to interstellar space.”  Yes, probably some of those objects that almost 

had collisions with, let’s say, Jupiter would get tossed so fast out of the solar system that 

they wouldn’t even go into the Oort cloud.  They would literally get thrown into interstellar 

space.  Jupiter has a lot of gravity.  And if you have a close encounter with Jupiter, you’re 

finished.  You’re gone.  But if you have a close encounter with Uranus or Neptune, o r 

maybe even Saturn, you might not get thrown out fast enough to escape into interstellar 

space and so instead you go out and become part of the outer outer solar system, the 

Oort cloud or even the Kuiper belt.  And so you wind up staying out there. 

 And so as the solar system was forming and there were a lot of objects in close, 

these collisions threw most of the objects out.  So that what we have now are a bunch of 

objects out here around the distance of Pluto and a little bit beyond in what we call the 

Kuiper belt.  And notice the Kuiper belt extends quite a ways but starts right here around 

the orbit of Pluto and moves out.   And then we have another region that’s far away from 

the plain of the solar system where many of the other objects got thrown and they would 

be out in this Oort cloud. 

 I want to talk about when one of these objects becomes a comet.  Because as I 
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mentioned, when they’re out there, they’re called Kuiper belt objects or Oort cloud objects.  

They’re not really called comets when they’re out at the edge of the solar system.  They 

have to come in toward the Earth before they become part of the solar system or part of 

what we consider the solar system. 

 So let’s say you have an object out here and it’s moving in this direction in its orbit.  

When it gets in near Jupiter’s orbit — here’s the orbit of Jupiter, here’s the orbit of the 

Earth.  When it gets in near Jupiter’s orbit, the objects will start to look different.  

Remember, it’s mostly made out of ice.  As the ice begins to melt — and it will once it gets 

in near the orbit of Jupiter, just because the Sun is shining on it and it’s getting more and 

more intense as the object gets closer.  Since it’s made out of ice, the ice will begin to 

melt. 

 Well, the ice can’t melt to liquid because this is a small chunk.  It doesn’t have 

much gravity.  And so the ice actually sublimes into gas.  It goes from solid directly to gas.  

And once it becomes gas, it becomes like an atmosphere around the chunk.  That 

atmosphere of gas is not held very well by the chunk because it has so little gravity.  An 

object 10 miles across does not have much gravity.  And so the gas can easily spread 

away from this chunk. 

 And so what you get is an object that way out looks like a solid object.  But by the 

time it gets in near Jupiter, it begins to turn into what looks like a gas cloud with a chunk 

down in the middle of it.  This gas cloud begins to get blown away from the chunk by the 

Sun’s radiation and solar wind.  We have stuff coming out from the Sun.  You saw that in 

the discussion of the planets where material is always coming out from the Sun going by 
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the planets.  Well, it goes by the comets, too. 

 And as the material flies out from the Sun out to the outer solar system, if it passes 

by a comet it pushes that atmosphere away from the chunk, away from the Sun.  And 

what happens then is that the object develops what we call a tail, a hairy star, a star with 

hair, a fuzzball with a tail.  Those fuzzballs can get thousands of miles across.  Here we 

have an object that’s probably only 10 miles across when it’s a chunk.  But the fuzzball 

around it can become thousands of miles across and the tail can become millions of miles 

long. 

 So you start out with an object you couldn’t see with a large telescope when it’s out 

in the outer solar system, because it’s very, very small and just not very noticeable.  By 

the time it gets inside the orbit of Jupiter and starts to get near Mars’s orbit and the Earth’s 

orbit, it starts to become very obvious.  Because now it looks thousands of miles across 

and has a tail a million miles long.  You’re gonna notice that if you just happen to look up 

in the sky. 

 And so you see a comet and you wonder what that is.  And thousands of years ago, 

astronomers and lay people alike were very worried when they saw one of those.  They 

thought it was a bad omen.  So comets got a bad name.  Any time a comet showed up, 

people figured there was gonna be trouble.  It was a bad omen.  Something was going on, 

something showing up in the sky.  They didn’t realize this was just a 10 mile across chunk 

of ice coming in from the edge of the solar system and going around and then back out. 

 Some of them are more spectacular than others.  Most of them, as I mentioned, 

only come in about to the orbit of Jupiter and go back out.  We don’t even notice those.  



ASTRO 114 Lecture 26 20 
 
They don’t even become visible to the naked eye.  The ones that become visible to the 

eye when you just glance up at the sky actually have to come in almost to the Earth’s orbit 

to be that noticeable.  Some of them actually come inside the Earth’s orbit.  They come 

inside Venus’s orbit.  There are some comets that come inside Mercury’s orbit.  And when 

that happens, they are truly spectacular.  Because the closer they get to the Sun, the 

larger that cloud gets around ‘em because they get heated up more and more, and so 

more of the chunk turns to gas.  And the longer the tail gets — because as you get closer 

to the Sun, the solar wind is stronger and so it blows the material even faster away from 

the comet.  

 And so there have been comets that have gone by inside the orbit of Mercury that 

were a million miles across as far as the cloud around the comet and the tail was literally 

over 200 million miles long.  Think about 200 million miles.  That is farther than the 

distance from the Sun to Mars.  And so some of the tails of these comets are big enough 

that they would stretch all the way across the sky. 

 There’s a famous comet of 1882 — that’s over 100 years ago — and it’s referred to 

as the Great Comet of 1882.  Doesn’t have anybody’s name on it because no one person 

discovered it.  It showed up one morning.  Literally, it covered half the sky when it showed 

up.  And the reason was that it actually came in from a direction almost opposite the Earth.  

So the Earth was over here in its orbit and the comet came in from the opposite direction 

and went by the Sun. 

 And so astronomers hadn’t noticed it at all because it had come in from the 

direction of the Sun which is up in the daytime, so it was totally unnoticed until it came 
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around the Sun and suddenly showed up in the night sky.  On one particular morning, the 

tail of it was sticking up 90 degrees away from the Sun.  And so everybody was suddenly 

surprised.  There was this giant comet up in the sky.  It was one of the brightest comets 

ever seen and it was there for weeks with a tail going halfway across the sky. 

 So these comets can show up with no warning at all.  Suddenly they’re there and 

they’re pretty spectacular.  But the actual object is not that spectacular.  It might be just a 

chunk of ice, 10 or 20 or 30 miles across.  It’s just that when it gets near the Sun, the Sun 

does most of the work.  It melts it, blows it away from the cloud, and you get a big tail and 

a big Coma — that’s what the cloud around the comet is called, a Coma — and it’s very 

noticeable even to the naked eye.  Some of ‘em are even noticeable during the day if 

they’re bright enough. 

 Okay.  We’ll continue this on Wednesday. 


