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 Okay.  We’re gonna continue discussing these outer planets today.  And the major 

thing I want to do is go back over a lot of the pictures you saw in the video.  The video 

goes by fairly fast.  You can’t stop to think about it.  And so you probably saw all those 

pictures but didn’t quite have time to focus on them.  So we’re gonna go back over those 

four planets, look at their moons, look at their atmospheres, and I’ll make some further 

comments on them. 

 Okay.  We’re gonna turn the slides on now.  This is Jupiter as you’ve probably 

guessed already.  And if you look carefully at it, you can see there’s a tremendous amount 

of weather in the atmosphere.  All of these swirling patterns are clouds and the clouds are 

moving from west to east or east to west, and in fact there are bands of clouds at different 

latitudes and they move in opposite directions.  So we have tremendous amounts of 

weather going on on this planet. 

 The reason everything moves from east to west is that Jupiter is rotating in about 

10 hours.  Now, think about that.  It takes the Earth 24 hours to rotate.  It takes Jupiter, a 

planet 10 times larger, only 10 hours to rotate.  The speed at the surface of the planet at 

the equator here is faster than the Earth’s escape velocity.  This planet is whipping around 

very, very quickly.  And because it’s rotating so fast, none of the weather patterns can go 

any other direction except in the direction of the rotation.  So everything has to move 

east/west.  Nothing can move north/south simply because the rotation is too strong for it. 

 Now, there’s another feature here that I’ll talk about more in a minute.  That’s this 

spot right here.  It’s called the Great Red Spot a nd it’s called the Great Red Spot because 

historically it has looked somewhat red through a telescope.  Although I think if you look at 



ASTRO 114 Lecture 24 2 
 
this particular image, it doesn’t look as much red as it does sort of an orange/tan.  It does 

change color.  Sometimes i t’s much redder than other times.  Sometimes NASA colorizes 

their images a little to make it a little redder, so you never really know what the true color 

is.  This is probably as close to the true color of the planet as you’re going to see today.  

So if you’re wondering what that thing looks like if you were to fly up near Jupiter and take 

a look, this is more or less what you would see. 

 Okay.  We also noticed that there was a ring going around Jupiter.  When the 

Voyager 1 spacecraft went behind Jupiter so that it was essentially in eclipse — you 

couldn’t see the sun — the sun lit up a thin ring that is going around Jupiter.  So Jupiter 

has a ring.  We’ve known for hundreds of years that Saturn had a ring and now we know 

that Jupiter also has one.  It’s puny compared to Saturn’s rings, but it’s still a ring. 

 If we could see that ring from the Earth, it would be right around the equator.  

Actually, it’s so thin and so dark that from the sunlit side of Jupiter, you really can’t pick it 

out.  So we’ve never actually been able to photograph it as such.  Even though we can 

take pictures of Jupiter all the time, the ring just doesn’t show up. 

 Okay.  More detail on the Red Spot.  Here’s the Great Red Spot.  In this particular 

image it’s looking a little redder.  Notice that right in front of the Red Spot, just because of 

the accident of timing, the Voyager spacecraft was able to take a picture of the moon Io.  

This moon is 2,000 miles across.  It’s about the size of the Earth’s moon.  Notice how 

large the Red Spot is compared to Io.  The Red Spot is about as big as the Earth.  So this 

is a giant spot in the atmosphere of Jupiter.  You have to think large when you talk about 

Jupiter.  This spot is some sort of hurricane — if you’re trying to think of what it is, it’s a 
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weather pattern.  It’s in the atmosphere and winds are swirling around it.  And so a 

hurricane would be a good guess as to what we’re looking at. 

 The amazing thing is it never goes away.  It’s been visible for over 300 years.  And 

so it is one heck of a hurricane.  It just keeps going.  It swallows up other storms.  You see 

some of these smaller white ovals that are here and there.  They come and go.  They 

don’t stay around forever.  They look like little hurricanes but they’re temporary.  But the 

big one, the Red Spot, seems fairly constant or at least hundreds of years worth of 

constant.  It may not be permanent as far as the whole age of Jupiter, but as far as what 

we’ve seen it’s pretty permanent. 

 Here’s another moon which is about the same size as Io.  That’s Europa.  Now, an 

interesting thing about these two moons.  If you look at the color of Io, it resembles 

strongly the color of Jupiter.  Or maybe I should put it the other way around.  The color of 

Jupiter strongly resembles the color of Io.  Io is giving off material into space all the time.  

That material drifts down into the atmosphere of Jupiter.  There is some belief that that 

material going from this little moon into the atmosphere of Jupiter may have caused a lot 

of the coloration in Jupiter’s atmosphere.  And so the fact that Io and the atmosphere of 

Jupiter look the same color, probably not accidental. 

 Also notice Europa and part of Jupiter’s atmosphere look the same color.  That 

may be accidental.  There’s no particular reason why that should be the case.  I just 

wanted to point that out since you may be wondering, looking at Europa, that it does look 

the same color as other parts of Jupiter.  We don’t know of any reason why it should. 

 This is a picture of Io itself.  Now, when you look at this picture you have trouble 
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focusing on it, even though it’s pretty much in focus, and that’s because you don’t know 

what to look at.  It’s got very, very strange colors, lots of oranges and reds and yellows 

and whites.  And you’re looking for craters or something but you’re not seeing any.  You’re 

seeing funny patches.  If you look right there you might convince yourself you’re looking at 

some kind of crater.  Over here you might think you’re looking at some kind of a crater, but 

in general it’s a very weird looking moon.  Some people have suggested it looks like a 

pizza that’s been sitting around too long.  Well, that’s a possibility. 

 When the Voyager spacecraft went by Io and photographed it from the dark side, it 

was able to pick out volcanos going off right at the time that it went by.  You can see those 

volcanos sticking right out of the atmosphere.  Well, you don’t even notice the atmosphere.  

It’s a very, very thin atmosphere.  Little bit of sodium and sulphur and stuff.  You don’t 

even notice it.  But you can see the material coming out of the volcanos.  Looks like 

blowing out into space but it’s actually just refurbishing the atmosphere.  There are 

volcanos going off on Io all the time.  It’s the most volcanically active object in the solar 

system, as far as we can tell. 

 Here’s a detailed photograph from close up and I think you can see now that what 

you’re looking at here is a volcanic caldera.  What you’ve got is lava flowing out and 

downhill from this volcano in different directions, and this is just one of many, many 

volcanos on the surface.  Over here is another volcano.  Here’s a volcanic vent.  Over 

here is a volcano.  You can kind of see the flow region downhill.  And so the entire surface 

of this moon is covered with volcanic material.  Not what we normally would think of.  It’s 

not like the basalt on the earth.  This is more sulphur and sodium compounds mixed in 
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with the rock.  And that’s what gives it that orange color. 

 Sulphur can have a lot of different colors depending on its temperature and its 

condition.  It can be anything from white to black, and lots of oranges and reds in-between.  

And so what you’re seeing in this light region right here is sulphur at a different 

temperature and different thickness than the sulphur over here which looks much darker.  

But it’s all sulphur coloration.  In fact, the black at the center here is pretty much liquid 

sulphur.  And so the entire surface of this moon has been colorized by the sulphur coming 

out of the volcanos.  And the entire surface of the moon has been resurfaced so that there 

are almost no impact craters because the surface is too young.   We talked a little bit 

about the resurfacing of Venus so that all of its old impact craters have disappeared.  On 

Io, almost all of the young impact craters have disappeared because it’s resurfaced so 

regularly. 

 This is the moon Europa.  Looks completely different from Io.  Different color.  

Don’t see any volcanic material here, at least none that’s obvious.  What you do see is 

some thin cracks running across the surface and some darker areas and some lighter 

areas, and if you look carefully you might see one or two or maybe three impact craters.  

But again, it certainly doesn’t look like the Earth’s Moon.  And, in fact, what you’re looking 

at is a surface that is completely ice.  This is like one giant glacier over the entire moon.  

It’s an ice surface and it’s almost completely flat.  No mountains, no deep craters, not 

many ups and downs.  These cracks are almost — I won’t say painted on the surface, but 

they’re more optical than they are physical.  In other words, they’re dark streaks in the ice 

but they’re not really mountain ridges or anything like that. 



ASTRO 114 Lecture 24 6 
 
 Here’s a closeup of it with a little bit of enhancement by NASA to make the cracks 

stand out.  In other words, they’ve changed the contrast so that the cracks look darker 

than they really are and the whites look a little whiter.  But I think you can see that the 

cracks are everywhere.  The entire surface of this moon is all cracked up.  The ice has 

been cracked and broken over and over and over.  You can see old cracks cut by new 

cracks, which in turn are over top of medium age cracks.  I mean, there are just cracks all 

over the place here. 

 So what’s going on?  This almost looks like some sort of Tectonic activity — like 

plate motions, you know.  Things trying to shift around except what you’ve got is ice, and 

so the ice just cracks.  Part of it probably doesn’t go below another part.  It just cracks and 

moves around a little bit.  Maybe it melts every once in a while and things shift.  But it’s just 

an ice surface.  And because of all these cracks and all the shifting that’s evident, it seems 

pretty obvious that under the ice it has to be liquid.  In other words, the ice in order to 

move this way has to be floating on something so that it can move around. 

 And so we think that under this ice surface is a liquid water ocean, a region where 

the temperature is warm enough that you’ve got water in liquid form.  So it’s kind of like 

the Arctic on the earth.  You’ve got an icecap and underneath you’ve got a liquid ocean.  

Except on this moon it’s all the way around the moon.  The entire moon is ice covered and 

probably has a liquid ocean all the way around underneath.  This has led to lots of 

speculation about life because we always like to think that living organisms need water.  

Well, on this moon there’s plenty of it.  Under the ice there’s a liquid ocean all the way 

around the moon.  So maybe there are things swimming around in that ocean.  Maybe 
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there’s all sorts of life in that ocean.  We have no idea.  But we’ve had lots of speculation. 

 Here’s a very detailed picture, one of the most detailed, showing these cracks — 

thick ones, thin ones.  Here are sections that seem to have bubbled up from the interior.  

NASA even colorized the image for you to make you think that there’s water under that ice.  

Didn’t they make that look like that with the little blue color?  Just sort of twist your mind a 

little bit?  Actually, it’s not as blue as they show it here.  This is playing around with the 

color on the images.  But there is ice under there.  Notice that there are some small 

craters.  So every once in a while something does hit this moon.  We just don’t have many 

big ones.  This ice is fairly old and so it will pick up craters here and there from small 

impacts.  The craters are in ice, though.  They’re not in rock. 

 This is the moon Ganymede, the third moon out.  We’ve seen Io which was orange 

and covered with sulphur and volcanos.  We’ve seen Europa which is covered with an ice 

glacier and has liquid ocean under it.  Now we see another surface.  The dark regions are 

very old areas of surface.  The young white regions are white because it’s ice that’s been 

splashed around the surface.  Think about an impact.  An object comes down, crashes 

into the surface and hits ice.  Because again, Ganymede is ice covered.  The ice melts 

from the impact.  The water splashes up, and so you get fresh ice on what was very dirty 

old ice.  And so the fresh ice looks white.  And so all these white splotches that you see 

around the moon are places where impacts have occurred into the old ice, causing fresh 

ice to be thrown out. 

 This shows you a particular region on Ganymede.  They just blew up a region right 

there.  And you can see cracks running through the surface.  Reminds you of Europa a 
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little bit.  Cracks running through the ice, cracks running through in different directions.  

And so again, this is an icy surface with lots of cracks in it.  But not the same kind of cracks 

that we have on Europa.  The cracks on Ganymede are somewhat different.  They look 

more like hills.  I think you can see the image here, a bit of hilly terrain.  And so again, it’s 

probably shifting of the crust but maybe not much water coming up when the crust shifts.  

In other words, the ice may crack and separate but it doesn’t immediately fill in, and so 

you wind up with a ridge.  Whereas on Europa it seems to fill in so that it stays flat. 

 I should mention that Ganymede is the biggest moon in the solar system.  It’s 

actually larger than the planet Mercury.  If this object were going around the sun instead of 

around Jupiter, we would have no hesitation in calling it a planet.  Because it’s big.  And 

yet it has almost no atmosphere.  As big as it is, it’s got a very, very thin, unnoticeable 

atmosphere, just a little bit of gas that it’s picked up, but nothing worth spending a lot of 

time on.  And so it’s a big moon but does not show a lot of planetary characteristics such 

as an atmosphere. 

 Okay.  Here’s the fourth moon out, Callisto.  And if you look at Callisto, the first 

thing you might notice is it looks very dark.  In fact, you have trouble focusing on it ‘cause 

you wonder if you’re looking at the dark side.  No, you’re not.  You’re looking at the lit side.  

It’s just a very dark moon.  It has very dark ice all over its surface.  And the reason the ice 

is so dark is it’s very old.  This is ice that’s almost 4 billion years old and it’s been coated 

with dust and meteorites and other stuff floating around in the solar system for 4 billion 

years.  And so whatever light white looking ice it did have pretty much has been covered 

over. 
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 So what you have is Europa which looks very bright because most of the ice is 

young.  You have Ganymede which has bright and dark areas mixed because the ice is 

both old and young.  And now we have Callisto which is mostly old ice and only a few 

places where there have been obvious impacts to cause these bright splotches.  So this i s 

the oldest surface of the four Galilean moons.  It’s been more undisturbed for 4 billion 

years than the other surfaces. 

 So as you go out from Jupiter, you go from a surface on Io which is continually 

being redone by the volcanic activity so it’s a brand  new surface to Europa which has a 

recent ice surface probably because water keeps coming up through the cracks and 

covering it over.  Ganymede which has had some activity so that some of the surface is 

younger, out to Callisto which has a very old 4 billion year old surface.  So you have less 

and less geological activity as you go out away from Jupiter. 

 Now, this entire surface is completely covered with craters.  It’s not obvious on this 

big picture because it’s so dark.  But I want to point out to you a  particularly large crater 

down in the southern hemisphere.  This was an enormous impact probably billions of 

years ago.  But around this enormous impact are cracks that go all the way out to here.  

So this entire bottom of the moon got all cracked up from one impact billions of years ago. 

 And here’s a detail of it.  There’s the impact down there.  And I think you can see 

the cracks going all the way out.  So this was a giant impact, probably an asteroid that 

crashed into this moon and left its imprint for billions of years.  Notice also on this picture 

you see all the more recent impacts, all these craters in the ice.  So three of these four 

moons are covered in ice, one is covered in sulphuric lava.  Lots of water out there in the 
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outer solar system.  Most of the moons have ice. 

 Here’s a detail on Callisto.  And the reason I’ll show this detail is to point out that 

every once in a while something hits one of these moons and the something’s gotta be 

different.  Look at this chain of craters.  There are dozens of craters right in a row.  It looks 

like a whole bunch of objects came in, one after another --- boom, boom, boom — and hit 

this moon.  It’s different from these independent craters that seem to have occurred here 

and there.  So every once in a while you get a long chain of craters and this is just a detail 

showing that the craters are so close to each other they actually overlap. 

 In 1994 Jupiter got hit by a comet.  The comet went by Jupiter, got broken up by 

Jupiter’s gravity in 21 pieces, and then the comet sort of did a U-turn and came back 

toward Jupiter and crashed into its atmosphere.  Those 21 pieces from the comet hit 

Jupiter one after another — boom, boom, boom.  So we have evidence here on one of 

Jupiter’s moons that we saw in 1994 occurs over and over again.  In this case, a comet 

probably hit Ganymede — I mean Callisto instead of Jupiter, but these things come by 

every once in a while, get broken up by Jupiter’s gravity, and then crash into something.  

In this case, crashing into Callisto and in 1994 crashing into Jupiter. 

 Here’s a drawing of the interiors of these four moons.  Here we have Io, mostly 

rock with possibly a metallic core but we’re not sure.  I wouldn’t want to swear to it or bet 

on it.  There may be a dense core but we don’t have enough details.  We’ve never landed 

on the surface and done any close-up studies.  But there’s no water.  Io is devoid of water.  

Whatever water it may have had in the past disappeared because of all the volcanic 

activity, all the heat. 
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 Then you have Europa, similar interior.  Notice this black thing in the middle and 

then the mantle.  Here’s a black thing in the middle, maybe an iron or rocky core, and then 

a mantle around it.  So Io and Europa are similar inside except that Europa is then 

covered with ice and a thin liquid ocean underneath.  Notice that Ganymede is thought to 

have a mantle — we don’t even know what’s at the center — and maybe a liquid ocean 

under the ice, but the ice is much thicker.  And maybe even Callisto has a rocky interior, 

water and then ice outside it. 

 In other words, all three of those outer moons could have water oceans 

underneath the ice.  But with Europa the ice is thin, with Ganymede the ice is thicker, and 

with Callisto the ice would be very thick.  Now, we’re speculating here.  We don’t really 

know that there’s a liquid ocean under Callisto or Ganymede.  We think there may be.  

We’re pretty sure there’s a liquid ocean right under the ice on Europa.  But again, we 

could be wrong.  We may be interpreting the data incorrectly.  The only way to know for 

sure would be to land on these moons and do sizemic studies or, if you’re really involved, 

dig holes until you hit water.  But we don’t know for sure otherwise. 

 There is a space mission being planned that is going to go to Europa -- at least it’s 

being discussed — to send a lander down to the surface of Europa and dig through the ice.  

That’s a major mission.  I don’t know that they can work it out, but there is some 

discussion about sending something to Europa to dig through the ice and find out there 

really is an ocean under there.  I don’t know what the Europans are gonna think about that, 

but that’s at least 10 or 15 years in the future. 

 Next plant out, Saturn.  This is a nice picture of Saturn.  It shows the planet itself.  
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Notice that Saturn does not have the same color as Jupiter.  All those reds in the 

atmosphere of Jupiter are missing.  And I mentioned we think that those reds came from 

Io from the volcanic activity, blowing sulfur and stuff out of the volcanos.  Well, there’s no 

volcano blowing material into Saturn’s atmosphere and so it’s much blander.  Saturn’s 

atmosphere looks almost as if it’s out of focus.  This is the same camera that took the 

pictures of Jupiter’s atmosphere.  They should look just as detailed.  The problem is that 

Saturn’s atmosphere has about 500 miles of haze on the top of it and so you have to look 

down through this thick haze to get down to the cloud layer.  And so the cloud layer looks 

buried — and it is.  It’s buried down in the atmosphere and so it’s not as obvious at all. 

 Notice the rings have some structure in this picture.  You can see a few details 

here.  You see what looks like a separation in the rings.  That’s called Cassini’s Division, 

named after a 1600s astronomer named Cassini who actually looked at Saturn with his 

telescope and saw this separation in the rings and thought it was a separation.  Turns out 

that there’s actually material in there.  It’s just much thinner.  But when you get close to the 

rings you see that there’s an awful lot more detail to be seen, and you see that there are 

hundreds of individual rings all very neatly arranged inside each other.  This is very highly 

organized ring system. 

 Now, I know it’s kind of hard to visualize, but these rings are over 100,000 miles 

across and they are less than a mile thick.  They make a piece of tissue paper look thick.  

They are extremely thin and flat, and go right around the equator of the planet.  So they 

are very, very well arranged.  And the reason is, if they weren’t very well arranged, they 

would’ve been destroyed long ago.  The only reason they’re still there is that the material 
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managed to get itself lined up so that it didn’t destroy itself.  Because if these rings were 

running into each other, they would shoot each other all over the place and the stuff would 

wind up in Saturn’s atmosphere or blowing around the solar system.  So it’s arranged 

because it has to be or it wouldn’t survive.  Or you might say it’s survived only because it 

was well arranged.  It may have  been a much bigger ring at one time and some of it’s 

disappeared because it’s destroyed itself. 

 This is a composite picture that NASA put out just to show you what they can do 

with their images.  Here’s a picture of Saturn and here are a bunch of its moons around it.  

Notice that this particular moon has craters on its surface.  This particular moon has 

craters on its surface.  This moon here has a large crater on its surface.  This moon isn’t 

even round.  Turns out that most of the moons of Saturn are similar — not identical, but 

similar — to Ganymede and Callisto in that they are covered in ice, thick layers of ice all 

over the surface, and they have been impacted many times.  And so you see lots of 

impact craters on an icy surface.  That is the typical moon for Saturn. 

 The major non-typical moon is this one up here.  Notice it has a different color.  It 

looks more orange.  Kind of resembles maybe Io a little bit, right?  It’s got that orangey 

color to it.  Well, that’s the moon Titan.  And actually this picture doesn’t do it justice 

because Titan is almost the same size as Ganymede.  Titan is second in the solar system 

as far as the sizes of moons.  Titan is only a little bit smaller than Ganymede but still larger 

than the planet Mercury.  And Titan is o range because it has an atmosphere. 

 So none of the moons of Jupiter had any particularly interesting atmospheres and 

most of the moons of Saturn have no noticeable atmospheres.  But there is this one moon, 
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Titan, which all of a sudden has a thick atmosphere and it’s got a different color.  So, of 

course, NASA was more interested in Titan than any of the other moons.  As a result of 

that, they sent the Voyager 1 spacecraft very close to Titan.  It went within 7,000 miles of 

the cloud tops.  So it went right past the moon in order to get detailed photographs.  Why?  

Because NASA thought if they got close enough, they’d be able to see the surface.  

They’d be able to photograph the surface of this moon. 

 Well, surprise, surprise.  The atmosphere on Titan is harder to see through than 

the atmosphere on Venus.  There are clouds all over the atmosphere and you cannot see 

the ground from space.  And so here is a fairly close picture showing the atmosphere of 

Titan, but no detail whatsoever.  Remember the picture of Venus in the atmosphere.  At 

least you could see cloud patterns.  They seemed to be moving around the planet or 

something.  This moon, about the only thing you can see is that the northern hemisphere 

looks a little darker than the southern hemisphere.  So there’s maybe a seasonal change 

in the atmosphere but that’s about all. 

 Well, NASA kept getting closer and closer.  This is as close as they got.  They were 

able to go right by the atmosphere and actually photographed the layers in the 

atmosphere.  This is all looking at the edge of the atmosphere.  And still nothing could be 

seen of the surface.  These clouds in the atmosphere of Titan are very close to the 

surface.  As you can see, this is the top of the atmosphere here and you have to go down 

quite a ways before you get to those orange clouds.  So they are just above the surface of 

this moon. 

 But what NASA realized is that this is a thick atmosphere.  Look how thick it is, all 
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the way down there.  It’s actually thicker than the Earth’s atmosphere.  Titan, a moon, has 

more atmosphere than the Earth does.  And, surprisingly, the atmosphere is mostly 

nitrogen, just the way it is on the Earth.  So this instantly became the most interesting 

moon in the solar system.  Because it’s got a thick nitrogen atmosphere and it’s got 

clouds.  

 Now, astronomers tried to figure out what kind of clouds these were.  What are 

these orange clouds?  Turns out that carbon compounds — ethane and other things you 

would think of as fuel, hydrocarbons that you might find in oil wells -- those are the kinds of 

materials that could cause these orange clouds.  And so speculation went rampant that 

this atmosphere was filled with stuff that Exxon would love to get to.  And, in fact, the 

temperature at the surface of this moon is just about at the right temperature that if there 

was something like ethane in the atmosphere here, it would actually be raining onto the 

surface.  It’s cold enough to turn to liquid and land on the surface like rain.  And so that 

fueled lots of speculation that there might be oceans of hydrocarbons floating around on 

the surface of this moon.  Well, we don’t know.  We haven’t landed there yet.  

 This is an infrared image of Titan that can see through the clouds — sort of.  Not 

very accurately.  But notice there’s a dark region and there’s a very bright region.  The 

very bright region is thought to be liquid.  Something is there that looks like an ocean.  

Now, whether it’s an ocean or not, I don’t know.  But it certainly has an interesting look to 

it.  And so we are very interested in this moon because it may have lots of interesting 

chemistry.  It’s got a nitrogen atmosphere and maybe things going on on this surface we’d 

like to know about. 
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 And so NASA is now sending a spacecraft to Saturn, the Cassini spacecraft.  It’s 

on its way.  It’s actually past Jupiter already.  It’s on its way towards Saturn.  It will get 

there in 2004 and one of its main payloads is a lander that will go down through the 

atmosphere of Titan and land on the surface.  And it’s designed so that if it lands on 

something liquid, it will float.  The worst thing you could have is to put a lander down and 

then sink, and never hear from it again.  So the lander is designed to float if it lands on 

something liquid.  So we’re gonna try to find out what’s going on on the surface of this 

moon.  And we will find out within the next two or three years. 

 Here’s a couple of the other moons, just to show you.  This is Tethys and it’s an icy 

surface.  Big impact crater on one side.  The impact crater hasn’t stayed very impacted.  It 

kind of flowed back out because the ice kind of loosened up and spread back to the 

surface so you don’t have a deep crater.  This is Mimas.  You have lots of craters on the 

surface.  But again, it’s an icy surface.  And let’s see.  Which one is this?  I forgot which 

moon this was.  I’m not sure.  Anyway, lots of craters and an impact area over here that 

seems to have ice coming out from it.  So the surfaces of these moons, other than Titan, 

are all ice. 

 We now move out to the outer p lanets, the real outer planets.  Uranus.  This is the 

first planet that was actually discovered after the invention of the telescope.  It was 

discovered with a telescope.  Small telescope, a 6-inch telescope.  But it was discovered 

by looking through a telescope and seeing an object that did not look like a star.  And even 

from a large Earth telescope — and I think this is from the 100-inch telescope — a picture 

of Uranus does not show a heck of a lot of detail.  You can pick out the moons and that’s 
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about it. 

 Miranda is a small moon but it is one of the interesting ones because it looks like 

it’s been hit and broken up pretty badly.  So you have to send a spacecraft out to take a 

close look at it.  The picture on the left is one of the first images sent back by Voyager 2 

when it got to Uranus, and astronomers were kind of disappointed because they couldn’t 

see much in this picture.  You can stare at it, but there’s just not much to see.  As it was 

described in the video, it looked like a blue ping-pong ball.  And that’s about it.  Not much 

detail. 

 There are clouds in the atmosphere but you can only pick them out if you extremely 

change the color contrast as is done on the right in this picture.  They’ve made the color 

contrast extremely high so it doesn’t look like the normal picture and then you can kind of 

pick out little cloud patterns, but they’re not obvious at all.  So Uranus, as far as the 

atmosphere, is very boring.  There’s just not much going on there.   

 But it has rings.  Jupiter had a ring, Saturn has lots of rings, Uranus also has a 

bunch of rings.  They were actually discovered before Voyager got to Uranus.  We knew 

they were there and had been discovered from the Earth, but they were photographed 

again from the spacecraft to make sure that what we had seen was correct.  Also this is a 

multiple exposure, by the way.  You may be wondering why it looks so jaggedy.  It’s 

actually a multiple exposure to pick up the motion of these moons.  So by taking a picture 

several times, one after the other, you can actually see that the moon is moving so it’s not 

mixed up with a star.  And so this is a multiple exposure to pick up new moons and it 

happened to pick up the rings pretty well also. 
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 Here are the moons.  You’ve got craters in an icy surface — is it beginning to 

sound familiar — with some activity.  You see some cracks here, mainly on the dark side 

but a little bit hanging over onto the lit side.  So something must’ve hit there and cracked it 

or there must be a little bit of tectonic activity of some sort.  But again, icy surface with lots 

of craters. 

 Another moon.  Again, icy surface but here it looks like a lot of melting has taken 

place.  You can see all this material that seems to have flowed across the surface and it 

all seems to be coming from the dark side.  Unfortunately, we only went by this moon 

once and so whatever was in the lit part we got a photograph of.  Whatever was in the 

dark, we never saw.  And so some of these — the most interesting thing was probably off 

in the dark and we never got a picture of it. 

 So what we know is where the dark part is and we see that coming into the lit part 

are some flow patterns that look like a lot of the surface got melted at some point, possibly 

by a giant impact, maybe by some material coming up from underneath.  But again, icy 

surface.   

 This is the icy surface of Miranda.  This moon seems to have been hit so hard by 

something that it literally broke apart.  And so what it did, it broke apart without flying apart.  

Something hit it and actually split it, and so the parts kind of drifted away.  But then their 

gravity pulled them back together.  And so it reassembled itself into a moon except that 

the parts had moved.  And so when it fell back together, the parts fell back together in the 

wrong arrangement.  And so they squished together with part of the crust inside, part of 

the mantle on the outside. 



ASTRO 114 Lecture 24 19 
 
 And so what you’re seeing when you look at the present surface is here is probably 

mantle.  This was once under the surface.  This is the layering inside the moon that has 

been broken, the material turned 90 degrees, and then the ice fell back together.  And so 

you see layering from the inside of the moon right next to the normal surface. Again, 

over here some kind of layering or something from the inside of the moon next to normal 

surface.  So this poor moon really got zapped, got hit so hard it broke apart and then fell 

back together.  So impacts are violent in the solar system, enough to b reak these moons 

up. 

 Okay.  We’ll stop there.  We’ll talk about Neptune tomorrow. 

 

 

 


