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 Okay.  We were discussing the outer planets and we’ll continue that discussion 

and conclude it today.  So I think we’ll start with the slides. 

 This is the eighth planet in the solar system, the  planet Neptune.  And I think you 

can see right away on this first photograph, it’s a bit more interesting than Uranus.  

Uranus really doesn’t have much in the way of atmospheric features.  And so when we got 

to Neptune, we were kind of worried that Neptune might look just like Uranus.  It turns out 

it’s much more interesting.  

 As you can see, there are bands in the atmosphere.  There are spots and 

astronomers are very inventive, and when they saw that big spot they said, “Gee, that’s 

sort of like the spot on Jupiter.  We called the Jupiter spot the Giant Red Spot or the Great 

Red Spot,” and so they decided to name this one The Great Dark Spot.  Isn’t that exciting?  

The Great Dark Spot.  So there it is.  And then they noticed this smaller one down here 

and they decided to call that the Little Dark Spot.  So we have all sorts of fancy names on 

this planet. 

 Notice also there are clouds in the atmosphere.  These are methane clouds, high 

in the atmosphere, floating along.  And obviously in this case they have something to do 

with this Great Dark Spot because they’re at the same latitude.  Here’s a little bit more 

detail of the same area and you can see the clouds sort of swirling around in this Dark 

Spot.  This Dark Spot is similar to the Red Spot on Jupiter in that it is rotating.  It does 

seem to be some sort of a storm — a hurricane of some sort — in the atmosphere. 

 One thing that did turn out a few years later, when the Hubble telescope began 

taking pictures of Neptune, it could actually see some detail in Neptune’s atmosphere.  
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And what was discovered was that the Great Dark Spot disappeared.  It was there when 

the Voyager spacecraft went by.  Astronomers, because they were thinking about the 

Great Red Spot on Jupiter, thought this might be a permanent feature and so they 

expected it to be there for the next 20, 30, 40 years.  But in the 1990s when we looked 

with the Hubble telescope, it was gone. 

 This shows you a very detailed picture of the clouds as the Voyager spacecraft 

went right over the planet.  And  I think this is interesting because you can actually see the 

shadows of the clouds on the lower atmosphere.  And so you can tell that these clouds 

are high in the atmosphere above the haze layer and actually the sun shining on the 

clouds causes shadows down below in the atmosphere.  This shows you how close the 

spacecraft got to the planet.  The reason it got so close to Neptune was that it had to go 

directly over the pole of Neptune to get into the right position so that it could photograph 

the large moon of Neptune.  But as it went behind the planet, it turned around and took a 

picture backwards in the direction of the sun to see if there were rings.  And, sure enough, 

there are rings around Neptune also. 

 So what we have now realized because of the Voyager spacecraft going out to all 

these planets is that all of those outer gas giants have ring systems.  Jupiter has one, 

Saturn has one, Uranus has one, and now Neptune has a ring system also.  Notice that 

the ring system around Neptune only has three major rings, fairly thin, and they’re not 

exactly continuous.  If you look up here you see a little break in the ring, up near the top, 

and you notice that this ring is much thicker over here than it is on the other side.  So the 

rings are not perfectly uniform.  They’re a little bit weaker and a little bit more irregular 
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than around the other planets. 

 This is the Triton.  As the spacecraft went over the top of Neptune, it cut down past 

Triton and one of the first things we noticed about Triton when the photographs came 

back was that there is a large south polar icecap.  Now, there may be a north polar icecap.  

We don’t know.  It was in the dark when the photographs were taken, so we have no idea.  

But in the South Pole, which is lit up by the sun at this particular position, there is a definite 

icecap at the South Pole.  Which is rather strange.  You know, the Earth has a polar 

icecap, Mars has a polar icecap, but that’s because we have seasons where the planet 

gets quite warm and cold and so you have these regions near the poles where you get ice 

forming.  You would think on a moon of Neptune where it’s always cold, whether it’s in the 

sun or not it’s 40 degrees above absolute zero or less, that you wouldn’t necessarily get 

icecaps.  And yet here we have an icecap on a moon going around one of the outer 

planets. 

 And away from the icecap up near what would be closer to the equator, we have 

this very strange terrain which was nicknamed Cantaloupe terrain because it looks like 

the surface of a cantaloupe, which has intersecting grooves — very long grooves; see 

how long some of these grooves are; they got partway around the entire moon — that 

look as if something has flowed or there’s been some cracking in the surface and filling in 

by liquid.  And so this surface does look like it’s been worked over.  It’s been melted and 

refrozen, things have happened on this surface. 

 There’s also a section of this moon that seems to have what looks like a lake.  

Notice that there’s a margin all the way around continuously, all the  way around this thing, 
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so that if it were filled with liquid it would be able to hold the liquid.  It appears that at one 

time this liquified in some way so that there is a giant, now frozen, lake.  And we know it’s 

frozen because there’s a crater right in the middle of it.  It’s an impact crater.  So it’s been 

like that for a long time, but it’s kind of odd that a moon in the outer solar system where it’s 

so cold would have a place on it that obviously had melted in the past. 

 Might be an impact melt.  You notice this odd rough terrain near the center.  That 

could be what’s left over from maybe an older impact that actually caused a whole section 

of that moon to melt and flow.  And that would, of course, have filled in any crater that 

occurred there and so maybe all that was left for a while was a lake of slightly unfrozen 

material.  This is probably not water ice that would’ve unfroze.  We think it would’ve been 

nitrogen.  We think the surface of this moon is so cold that that surface is frozen nitrogen.  

And so if the nitrogen melted, it could’ve caused a nitrogen lake. 

 It was also discovered, while looking in more detail at the South Polar cap, that 

there are geysers.  What you’re looking at here is a geyser with a white spot right in the 

middle.  There is material blowing up from the ice, a geyser of liquid, probably liquid 

nitrogen, blowing up into what turns out to be an atmosphere around this moon.  The 

material blows up about five miles into the atmosphere and then begins to drift downwind, 

in the direction of the wind, so you can actually tell the direction of the wind here.  And if 

you look carefully, there’s more than one on this picture.  There’s a very small one over 

here.  Notice the same direction of the wind.  There’s another one here.  There’s 

something that looks like one here and there’s even one over in the corner here.  So 

apparently these geysers go off every once in a while and there must be some dark 
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material that comes out with the nitrogen — soot or something else — and that’s what you 

see as this dark stuff going downwind. 

 So there’s an atmosphere on this moon, there are geysers on this moon, there’s a 

South Polar Cap, there’s an area that looks like a lake that has melted at some point.  So 

it’s a very interesting moon.  When we first planned on going by this moon to look at it in 

detail, we thought it might’ve been just a dull, boring, frozen moon like some of the ones 

going around Saturn.  But apparently Triton is much more interesting. 

 Let’s review a little bit these four giant p lanets.  This picture has a lot on it so we’ll 

take it one step at a time.  Here is Jupiter and Saturn.  Notice Jupiter’s atmosphere has 

many more features visible in the cloud layer.  Saturn’s atmosphere is much more 

subdued but has the same general patterns.  If we look at the interiors — which we frankly 

can’t see, but we can model.  We do theoretical calculations to model what those interiors 

would be like.  What we find is that Jupiter probably has some sort of a rocky core.  That 

core is probably bigger than the Earth.  We don’t know the exact diameter of it.  The most 

popular number I’ve seen is around 13,000 miles across.  So it’s bigger than the Earth, 

but that could be off by quite a bit because we don’t know for sure. 

 Around that rocky core is a region of dense what is called metallic hydrogen.  It’s 

hydrogen that is under such high pressure that it’s no longer gas, it’s no longer normal 

liquid hydrogen, but it’s actually gotten so compressed it’s become like a metal in that it’s 

conducting.  It can conduct electricity.  It’s still liquid so it can flow and move.  It’s not solid.  

But it’s a metallic hydrogen.  It’s a kind of material we really can’t think about on Earth 

because we don’t have it.  There’s no such thing.  It can only be produced under 
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tremendous pressures inside a planet that has a lot of gravity. 

 So it has this liquid metallic hydrogen mantle, if you want to call it that, and then 

outside that is a thick envelope of normal hydrogen that’s liquid at the bottom and then as 

you get up near the surface becomes more gas until you reach the cloud layer in the 

atmosphere.  So it’s a strange kind of place.  Mostly hydrogen and some helium.  Notice it 

says metallic hydrogen.  It doesn’t bother mentioning helium, but there’s got to be helium 

in there because the sun itself is 70 percent hydrogen and 25 to 30 percent helium.  So 

Jupiter would’ve had to form with a similar composition to the sun.  It couldn’t have the 

hydrogen without the helium.  But we tend not to talk much about the helium because, 

frankly, we’re not quite sure where it is.  It’s probably mixed in with the hydrogen or it may 

have settled out toward the bottom.  So it may be down near the bottom of this metallic 

hydrogen layer. 

 Look at Saturn, we see a similar pattern.  Saturn has a rocky core and in this 

drawing, they made that rocky core pretty large.  I have seen other drawings of the interior 

of Saturn where that rocky core was very small, and so the theoretician who worked this 

model up had a certain view of what the interior of Saturn looked like.  I have seen other 

models that don’t agree, that think there’s a much smaller core inside Saturn.  This just 

shows you we really don’t know.  We’re kind of guessing. 

 We’re pretty sure there has to be a rocky core because otherwise you couldn’t 

have hydrogen attaching itself to it.  Because if you think about the planet building up from 

materials floating around in space, it’s gotta have something solid that can then pick up an 

atmosphere and that atmosphere could get thicker and thicker and thicker until it actually 
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becomes a liquid metallic region around that rocky core and then a more normal liquid 

and gas outer envelope.  But you’ve gotta have something.  You’ve gotta have that seed 

in the middle, the rocky core, to start with or you wouldn’t be able to form a planet at all.  

And so there is one in there.  We’re just not really sure of its size. 

 Notice that the liquid metallic region inside Saturn is much, much smaller than the 

one inside Jupiter and that’s mainly because Saturn has a lot less gravity.  It’s not able to 

squeeze the hydrogen as much so more of the hydrogen stays as normal hydrogen rather 

than becoming compressed into a metallic form. 

 If we look at Uranus and Neptune, we see that their interiors appear to be very 

similar.  Both of them again have a rocky core and in these models the rocky core for 

Neptune seems to be larger than the rocky core of Uranus.  Most theoreticians agree 

that’s the probably the case.  Neptune does seem to have more density than Uranus.  It 

does seem to have a bigger rocky core than Uranus.  I’ve seen no disagreements there so 

we think that there may be a smaller rocky core inside Uranus. 

 And then there is a region around it that we think of as the mantle that is probably 

water.  And I don’t mean necessarily in liquid form.  It could be liquid, it could be mixed 

with solid.  It’s very hot.  This is hard to visualize.  You usually think of water as — liquid 

water as cool or steam as hot.  But this interior envelope for both Uranus and Neptune is 

probably made out of H20 at many thousands of degrees and yet it’s probably not in the 

form of gas.  It’s probably liquid or even solid.  It’s extremely dense and so it’s 

compressed into that form.  Then outside it is an envelope that is probably mostly 

atmosphere, dense atmosphere, of hydrogen, helium, methane, probably some water, 
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sort of a mixture of things. 

 And so we have these three layers in each of these four planets but the layers are 

not necessarily made out of the same materials .  Uranus and Neptune have a lot more 

water than Jupiter and Saturn.  Jupiter and Saturn have a lot more hydrogen and helium 

than Uranus and Neptune.  So all four of these are not the same.  There are two pairs of 

objects, each of which is similar to the other but they’re not similar across the pairs. 

 And also keep in mind that although this drawing makes it look like Uranus and 

Neptune are almost the same size as Jupiter and Saturn, they’re not.  This is not to scale.  

Because Jupiter and Saturn are much larger than Uranus and Neptune. 

 Now, at the bottom of this chart — it’s not very easy to see from here — are 

drawings of the magnetic fields of these outer planets compared to the Earth.  The Earth’s 

magnetic field is over here on the left and it shows the North Pole and South Pole of the 

Earth, the axis, and it shows that the magnetic field is tilted by 12 degrees from the North 

and South Poles.  So the magnetic poles of the Earth are a little bit tilted from the actual 

rotation poles. 

 On Jupiter we see almost the same tilt.  Jupiter’s magnetic field is tilted about 10 

degrees from its rotation poles.  And so we have a similar situation between the magnetic 

field of the Earth and the magnetic field of Jupiter as far as their orientations.  Of course, 

Jupiter’s magnetic field is many thousands of times stronger than the Earth’s, but they 

both have magnetic fields. 

 If we look at Saturn’s magnetic and rotation poles, we find that Saturn’s magnetic 

field is lined up perfectly with its rotation axis.  And so i t doesn’t have a 10 or 12 degree tilt 
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of the magnetic field from the rotation.  It’s lined up nicely.  So when we see those three 

planets, our prejudice is that if we find any magnetic fields farther out in the solar system, 

they should be similar.  The magnetic field may be tilted a little bit from the rotation poles 

but shouldn’t be tilted too far because those three planets have them no more than 12 

degrees away from the rotation poles. 

 So then we look at Uranus and Neptune and discover that the magnetic fields for 

them are completely skewed to the rotation poles.  For Uranus, it’s tilted by 59 degrees.  

That’s kind of a random number.  It’s just tilted away from the poles so that the magnetic 

field of Uranus is just wobbling around as the planet rotates.  And then we look at Neptune 

and it’s 47 degrees, and so that’s just as bad almost.  And so we find that for the outer two 

giant planets, their magnetic fields seem to have no relation to their rotation poles.  The 

rotation axes and the magnetic field axes seem to be totally independent.  

 Not only that, but the magnetic fields of these planets are not even lined up with the 

axis.  The axis of the magnetic fields is not going through the center of the planets.  

They’re out toward the edge of the planets.  The major problem here is that it makes 

figuring out how this magnetic field works very difficult.  Because theoreticians thought 

they knew how the magnetic field of the Earth worked, how the magnetic field of Jupiter 

worked, how the magnetic field of Saturn worked.  They had a nice model that described 

these magnetic fields and how they worked. 

 And then they looked at Uranus and Neptune and the model didn’t work.  Because 

the magnetic fields are tilted at the wrong angles, they’re not even centered on the center 

of the planet, and so that throws into question whether the original models for the Earth 
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and Jupiter and Saturn are correct if they don’t work for Uranus and Neptune.  Could be 

you need more than one model.  There may be different ways that these magnetic fields 

can form.  And so we may be trying to fit one model to the whole solar system but that may 

be not the way it works. So it seems we’ve got at least two models to worry about here: 

the Earth, Jupiter and Saturn, and then a different model fo r Uranus and Neptune. 

 Now, we have one more planet to talk about and that’s Pluto.  This is a picture 

taken of Pluto with the Palomar 200-inch telescope.  It’s embarrassing.  It’s nothing but a 

dot on the photograph.  The only reason you can even tell that it’s not just another star is 

that on the two photographs here it moved a little bit.  Notice the two stars are in the same 

position but the planet has shifted.  Pluto is a very faint, small object on a photograph.  

You would never notice it looking through a telescope.  It’s just another dot in the sky.  

And so we need very large telescopes — in fact, we need spacecraft to really see this 

planet close-up.  But we haven’t sent one there yet. 

 So the best we’ve been able to do from the Earth is by using very high 

magnification and sophisticated images, we were able to discover that Pluto has a moon.  

Notice in this picture you’ve got a big round dot — that’s Pluto — and that dot is really not 

the image of Pluto.  It’s just the fuzzy image you get on a photograph when you’ve taken a 

long exposure — to bring out the planet.  And there’s a fainter little dot nearby.  And so we 

realize that Pluto had a moon but we didn’t have much detail on it. 

 Here’s a slightly better picture taken with the Hubble space telescope — that FOC 

means Faint Object Camera.  So we used the Faint Object Camera to get a picture of 

Pluto and its moon, and so you can see that there are really two objects there but you 
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don’t see much detail.  We now see what the orbit of the planet and the moon look like.  

This is a simplified version, by the way, because the moon Charon is about half the size of 

Pluto.  And so these two objects are actually going around each other, although the 

drawing shows Charon going around Pluto as if Pluto wasn’t moving.  But both of ‘em 

actually move because of the mutual gravitational pull, but we make it look simpler by just 

showing Charon going around Pluto. 

 Two small objects at the edge of the solar system.  No spacecraft has gone to them 

and so we’re kind of at a loss of how to see any detail with these guys.  These are the 

best — I won’t call them photographs or images.  These are the best maps, we might say, 

of what the surface of Pluto probably looks like.  Very crude maps.  What we have here is 

a bright area and a dark area here and a dark area there.  Essentially, we’ve been able to 

map the brightness and darkness regions on this plant, but we have not been able to see 

any actual features. 

 Now, how did we actually do this?  This map is from many, many images taken 

with the Hubble space telescope.  The actual images look more like that up at that top, 

showing very little detail.  But if you take a whole bunch of them and put one on top of the 

other until you get better and better detail -- you keep picking out little details — you can 

actually show some detail on the planet.  That’s one way of doing it.  You just take many 

images and you put one on top of the other until they start to look like something. 

 There’s another way of doing it, though, that was figured out by astronomers back 

in the 1980s and that is to have that little moon Charon map Pluto for us.  Now, the only 

way you could have that happen would be if Charon went in front of Pluto.  Imagine Pluto 
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having a dark spot over here and a bright spot there.  If Charon were to go across in front 

of Pluto — in other words, have an eclipse with Pluto — as Charon went across this dark 

spot and blocked it out, it wouldn’t change the brightness of Pluto much because it’s 

already a dark spot.  But as Charon went farther across and went across the bright spot 

there, you would expect it to block out a lot more light.  And so you would expect Pluto to 

look a bit fainter. 

 And so you can actually map the dark and bright regions of Pluto if you can watch 

some eclipses of the moon Charon across the face of Pluto.  Well, it turns out, just by luck 

during the 1980s and 1990s, Charon’s orbit was just about lined up so that it was eclipsing 

Pluto on a regular basis.  And so astronomers were able to measure the brightness of 

Pluto without actually taking pictures.  They were just measuring the brightness.  And as 

Charon went across in front of Pluto, it would block different features on the surface that 

had different brightnesses and we would see a change in the brightness o f Pluto as 

Charon went across in front.  And so watching a lot of these eclipses, astronomers were 

able to map the surface. 

 I’m going to show you a video that will show you how that mapping was done. 

* * * 

VIDEO 

Pluto is so far away that to the telescopes on Earth, it looks like a point of light.  

Photos taken by the Hubble space telescope were the first to separate Pluto from 

its moon Charon.  Between 1985 and 1989, Pluto and Charon came into an 

orientation in which they repeatedly eclipsed each other as seen from the Earth.  
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Such alignments are rare, occurring only twice in 248 years.  This animation is 

greatly speeded up.  It actually takes about 6-1/2 days for Charon to orbit Pluto. 

This animation is based on real observations of Pluto and Charon throughout the 

eclipse season.  Each frame is a snapshot taken every time the two were closest 

together in their orbit.  Notice the constantly shifting location of Charon’s shadow 

caused by the continually changing alignment of Pluto and the Earth.  Let’s look at 

it again. 

In the late winter of 1985, the eclipse season began with a small amount of overlap.  

By 1986, there were deep partials with noticeable shadowing effects.  In 1987, they 

became even deeper.  For a short time the moon and its shadow fell entirely within 

the disk of Pluto, a total eclipse.  During most of 1988, there were central and total 

eclipses.  By 1989, they were again only partial.  1990 saw only grazing eclipses.  

They even stopped for a couple of weeks in May.  By 1991, the eclipses were over, 

not to repeat for another 125 years. 

Here it is again.  Watch for the start of eclipses, the times when total eclipses occur, 

the temporary halt of eclipses, and their final cessation.  Throughout the 5 -year 

season, no two eclipses were the same.  As areas on the surface of Pluto moved in 

and out of shadow and eclipse, astronomers were able to measure changes in the 

amount of sunlight reflected from Pluto’s surface.  These changes allowed them to, 

for the first time, map features on the surface of the distant planet. 

This view shows the southern polar regions of Pluto and its moon.  The sides of the 

planet and moon that were eclipsed show much more detail than the uneclipsed 
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atmospheres.  In 1988, we saw the equatorial regions.  The bright and dark streaks 

at 90 and 270 degrees longitude are artifacts of the mapping process.  Because 

these areas were always on the limb during the eclipses, their contributions to the 

reflected sunlight were distorted. 

 Looking ahead to the future in the year 2025, we will look down on the 

northern polar region of Pluto and its moon Charon. 

* * * 

 Sometimes astronomers have to go through a lot of trouble just to get a little bit of 

an image of what a planet looks like.  It would, of course, be much nicer if we could just 

send a spacecraft to Pluto and photograph it directly.  That has been in the works now for 

almost 10 years.  And I say “in the works” because it never seems to make a lot of 

progress.  It’s been discussed since 1990 or even before that we should send a 

spacecraft out to Pluto, photograph it carefully, find out what it’s like.  Then we would’ve 

gotten to every planet in the solar system.  But a spacecraft would be proposed, it would 

be discussed, and then it would be delayed or canceled.  Then another one would be 

proposed, discussed, and then delayed or canceled. 

 The latest delays and cancels are occurring this year.  There is a spacecraft that 

has been designed to go to Pluto -- it was named the Pluto Express -- and it’s in limbo 

right now.  Nobody’s sure whether it’s going to have a budget, nobody’s sure if it’s going to 

get off when it needs to to get to Pluto.  It’s been one problem after another. So 

whether we ever get a spacecraft off to Pluto or not, I don’t know. 

 There is sort of a rush, in a way.  Pluto, during the last 20 years or so, has actually 
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been at its closest to the sun.  Right now is when it’s easiest to get to because it’s closer.  

In fact, it has been inside the orbit of Neptune.  It’s actually been closer to us than 

Neptune is.  That also means that it’s been warmer recently than it has been in the past or 

will be in the future.  And it was discovered in the 1980s that Pluto has an atmosphere.  It 

has an atmosphere that is, in some ways, similar to the atmosphere on Triton, that moon 

of Neptune that we looked at a little while ago. 

 So Pluto has an atmosphere.  It has these light and dark regions on its surface.  

And so we’re thinking this could be an interesting place to look at to find out what’s going 

on.  Maybe it’s got things happening on its surface that we wouldn’t expect just the way 

we found things on Triton that we didn’t expect.  Maybe Pluto’s got similar things going on.  

So it’d be nice to be able to see those while Pluto is still fairly warm.  Because if you do 

theoretical calculations as to what will happen to Pluto as it moves farther out in its orbit, it 

will of course get colder.  And as it gets colder, there is some feeling that the atmosphere 

it has will actually freeze out onto the surface.  It will lose its atmosphere.  It will get so cold 

that whatever gas it has — nitrogen gas most likely — around that planet will actually 

freeze onto the surface.  And so then any activity that might be going on will probably 

come to a stop.  And so it’d be nice if we could actually get to it while it still has that 

atmosphere. 

 It’s been calculated that the atmosphere could freeze out by 2015.  That’s only, you 

know, 10 or 15 years from now.  And it will take a while to get a spacecraft to that planet.  

If it was okayed today and the budget showed up today, they probably would not be able 

to launch it before 2006 and so it probably wouldn’t get there until 2010 or 2012.  We’re 
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cutting it fairly close as far as being able to see the atmosphere of Pluto before it actually 

freezes out onto the surface. 

 So there’s been some urgency among scientists — not so much urgency among 

the people who have the purse strings.  And so whether we get a spacecraft out to Pluto 

or not is still completely unknown.  We really don’t know if it’s gonna get there. 

 Now, since I mentioned the atmosphere of Pluto, I want to talk a little bit about the 

atmosphere of all the planets and the moons that we mentioned that have atmospheres.  

Okay.  This is a drawing that has all the planets on it.  It may be a little hard to see what 

we’re looking at at first.  This is a graph showing the temperatures of planets, on the 

bottom scale, and the speed of gases in their atmospheres, and whether they can hold 

atmospheres of certain kinds of gases.  So let’s look at this in detail. 

 What we have is the escape velocities here on these speeds.  If you’ve got a gas in 

an atmosphere that is moving close to escape velocity, it’s going to leave the atmosphere.  

So, for example, with the Earth, hydrogen gas can escape from the Earth’s atmosphere 

because just with the temperature of the Earth’s atmosphere, hydrogen gas gets up to 

escape velocity and so it can leave the atmosphere.  For that reason, we don’t have much 

hydrogen gas in our atmosphere.  The only hydrogen gas is some hydrogen that might 

escape from something.  But then it quickly escapes from the atmosphere and so it’s 

gone. 

 And so you have a line here that we can draw on the graph.  Any planet with less 

gravity, down this way, cannot hold hydrogen.  Any planet with more gravity, up that way, 

can hold hydrogen.  So you notice that Uranus, Neptune, Saturn and Jupiter are all above 
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that line.  Their gravities are much stronger, their escape velocities are much higher than 

hydrogen would have on those planets.  And so the hydrogen would stay attached to all of 

the outer planets.  So whatever hydrogen Jupiter picked up or Saturn picked up or Uranus 

or Neptune picked up, those planets are gonna hold that hydrogen and they’re never 

gonna lose it. 

 Notice that hydrogen is the hardest gas to hold onto.  It’s the lightest gas.  Helium is 

a little bit heavier.  But notice for helium we have the same situation.  All of the outer 

planets can hold it, none of the inner planets can hold it.  Earth and Venus are just a little 

bit too small to hold helium but they can hold water, methane and ammonia.  Good thing.  

We need the water.  Notice that Mars really is below the water, methane and ammonia 

line.  That means that those gases, if they’re in the atmosphere, will tend to escape after a 

while.  And mainly the methane and ammonia will escape.  The water is a little bit heavier 

and so the water on Mars is actually moving at lower than escape velocity, but some of it 

eventually can move at escape velocity and get away.  It’s kind of a borderline case. 

 You then look at the moon and Mercury and you see that all of the gases listed 

here have higher speeds than Mercury and the moon can hold.  And so you look at the 

moon and you don’t see an atmosphere, you look at Mercury and you really don’t see 

much of an atmosphere.  The reason is that carbon dioxide, oxygen, nitrogen, water, 

methane, ammonia — they are all moving at escape velocity on those objects.  The major 

reason is that they are p retty warm.  They’re close to the sun.  Mercury’s very close to the 

sun so its temperature is way up.  The moon is about the same distance as the Earth, but 

its temperature is still warm enough that it can’t hold those gases. 
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 We have a couple of problems here, though.  On this graph Pluto should not have 

any atmosphere.  Why is that?  Well, it turns out that they’ve put Pluto in the wrong place 

on this graph.  They put everything else in the right place.  Pluto and Triton are essentially 

the same size and essentially the same distance from the sun.  So Pluto should actually 

be plotted right up there next to Triton.  And in that case, you would realize that it could 

hold some atmosphere, definitely carbon dioxide if there was an atmosphere of carbon 

dioxide, and maybe even a little oxygen and nitrogen but not very well. 

 And so Pluto does have an atmosphere.  We’ve actually measured it so we know it 

has one.  And when you look at this graph, you think, “Well, how could it?  It should be like 

the moon and Mercury.”  But that’s because it was plotted in the wrong place.  It should 

actually be up here next to Triton. 

 This brings up an interesting point.  Triton and Pluto are essentially the same size.  

Triton and Pluto have very similar compositions.  Triton and Pluto both have nitrogen 

atmospheres.  Triton and Pluto are like twins — same size, same density, same kind of 

atmosphere.  There are even bright and dark regions on Pluto.  You can almost imagine 

that they would be like the South Polar cap on Triton which is a bright region and darker 

regions elsewhere.  We actually think that Triton and Pluto are the same kind of object.  

We call one a moon and we call the other a planet, but really deep down inside they are 

the same thing. 

 Because we now realize that Triton is captured.  Triton did not come with Neptune 

at the beginning of the solar system.  Neptune did not have that large moon.  First of all, 

Triton is in a capture orbit.  It goes in a very backwards, elongated orbit.  It’s not even a 
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stable orbit.  We figure that, you know, a billion years from now, Triton is gonna crash into 

Neptune because it’s not a stable orbit.  It’s an orbit that shows it was captures from the 

rest of the solar system.  Well, if it was captured, where was it when it got captured?  It 

was probably in an orbit similar to Pluto’s.  It was another planet.  But it’s the same size as 

Pluto, it’s the same construction as Pluto.  And so probably Pluto and Triton are the same 

objects.  There was more than one Pluto. 

 We have now been looking around in the outer solar system.  We have found 

almost 50 objects.  Probably more today.  I’m not sure.  I haven’t kept count.  About 50 

objects that are going in orbit with Pluto.  They all have similar orbits to Pluto.  A lot of 

them are smaller than Pluto but a couple of them are half the size of Pluto.  And so we 

realized that there are a bunch of objects out there that are like Pluto, and Pluto’s 

probably not a planet.  It’s probably one of these objects.  It’s just the biggest one.   

 And so the new class of objects that’s been named are called Plutinos.  So Pluto is 

the biggest of the Plutinos but it may not actually be what we would like to call a planet 

that formed as a planet early in the solar system.  We’ll call it a planet because that’s the  

way it was discovered and that’s its history.  But as far as what kind of an object it is, it’s 

just like Triton.  It’s an object that’s really not a planet, really not an asteroid, really not a 

moon.  It’s a new kind of object.  So we give it a new name, a Plutino. 

 Okay.  We’ll continue this on Monday. 

 


