
Rings, Moons and Pluto
Chapter 12



Moons of Jupiter 
The moons of giant planets are closer to 
terrestrial planets than the giant planets.



Rings and Moons Overview
Jupiter - 79 moons and a faint ring. Four large 
moons, called the Galilean Moons after their 
discoverer. 

Saturn - 82 moons and most impressive rings. One 
large moon, Titan and 6 medium size moons. 

Uranus - 11 rings and 27 moons. Five medium size 
moons that along with the rings orbit with Uranus’s tilt. 

Neptune - 11 moons and narrow-faint rings. One large 
moon, Triton, that has a retrograde orbit.





The Galilean Moons
Moon Diameter (km)

Mass 
(Earth’s Moon=1)

Density  
(g/cm3)

Reflectivity

Callisto 4820 1.5 1.8 20%

Ganymede 5270 2.0 1.9 40%

Europa 3130 0.7 3.0 70%

Io 3640 1.2 3.5 60%

Earth’s Moon 3476 1 3.3 12%



The Galilean Moons
Callisto - 17 day orbit, 17 day rotation. Phase locked like Earth’s 
Moon. The size of Mercury, but ~1/3 the density. Must be rock 
and ice, rock hasn’t sunk to the core.  Heavily cratered like our 
moon. 

Ganymede - largest moon in solar system, rock/iron core with 
ice on top. Has a magnetic field, so molten iron, surface is 
relatively young 2-3 billion years old, had geological activity, 
tidal heating? 

Europa - mostly rock/iron, ice crust, few impact craters, surface 
is very young! Cracks on surface suggest ice on top of an ocean. 

Io - close in size and mass to Earth’s moon, but not dead at all. 
Most active volcanos in solar system, tidal heating.
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Ganymede
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Europa
These cracks on the surface of Europa are 

similar to cracks we find on Earth on ice sheets 
like in the arctic. They occur when ice floats on 

water and gets pushed around.
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Io



ejecta from 
volcano



The surface of Io is probably the fasting changing in 
the solar system. Here you can see a lava flow that 
occurred between April and September in 1997. Two 

years latter it is partially covered up by the red ring.



Surface Comparison



Titan 
Titan, Saturn’s largest moon and the second largest 
moon in the solar system is the only moon known to 
have an atmosphere and liquid on its surface. Titan is 
very close in size, mass and density to Ganymede.  It 
is a mixture of rock and ice, and its atmosphere is 
mostly nitrogen like Earth’s. 

Titan’s atmosphere is hazy so a lander was sent to get 
through the clouds and see the surface. It found 
rivers and lakes of hydrocarbons and boulders of ice.

https://www.youtube.com/watch?v=TMxL3ZhO8A8

https://www.youtube.com/watch?v=TMxL3ZhO8A8


Titan’s Atmosphere

Titan’s atmosphere has 
clouds of methane and 
ethane which may rain 
down on its surface.  

At these temperatures water 
is a very hard rock like 
solid, but hydrocarbon 
gasses like methane, ethane 
and propane are liquids.



images of 
Titan’s surface 

The rocks are 
water ice and 
the snow is 

hydrocarbons.



Lakes and Rivers on Titan
https://www.youtube.com/watch?v=RrGPtCdItBw

https://www.youtube.com/watch?v=RrGPtCdItBw


Enceladus
Enceldus is the 6th largest 
moon of Saturn and only 
500km across.  

It is extremely reflective 
though, possibly the most 
reflective object in the solar 
system. 

And it is very young having 
almost no craters.  

Also we know it has liquid 
water because we can see it.



Enceladus has geysers of water shooting out of its 
surface and making one of Saturn’s rings.



Triton 
Triton, the large moon of Neptune, has a diameter of 
2720km, smaller than any of the other large moons. 

It has a density of 2.1 g/cm3 similar to the other moons 
composed of rock and ice. 

Triton has surface temperatures of 35K -40K, very very 
cold. Methane and nitrogen are frozen solid on Triton. 

Triton’s surface is fairly young, ‘lava’ flows are probably 
a water ammonia mix that has a lower freezing point. 

There are also geysers of nitrogen as it transforms from 
solid to a gas.



A polar cap of frozen nitrogen



geysers 
on Triton



Pluto as a Planet
To understand why Pluto was considered a planet we have to 
look at the discovery of Neptune.  

Neptune was discovered because Uranus’s orbit was slightly off 
from Kepler’s predictions and mathematicians figured out that an 
8th planet could be the source of these discrepancies. They 
predicted where to look and Neptune was found. 

Then an astronomer made similar predictions about a 9th planet 
and after 25 years of searching Pluto was found. But it turned 
out the calculations were wrong and Pluto doesn’t perturb 
Neptunes orbit.



Pluto as a Planet
Pluto was thought to be as big as 
Earth, but in fact it is teeny.  

It has a rather elliptical orbit and is 
an ice ball not at all like the other 
giant planets, more like one of their 
moons.  

And then in the 1990s other similar 
objects were discovered out beyond 
Neptunes orbit. It was clear that 
Pluto was only one of many trans-
Neptunian objects.



Pluto
With the New Horizons spacecraft 
flyby of Pluto we now know a lot 
more about it.  

Pluto has a diametr of 2370km a 
little more than 1/2 the size of 
Earth’s moon and a density of 1.9 
g/cm3, like other moons of the 
outer planets. 

It has a nitrogen atmosphere when 
closer to the sun which freezes 
out when pluto gets farther away. 

Pluto actually shows geological 
activity of its surface.



The surface of Pluto has lots of interesting 
features: craters, mountains, a shoreline 

and a sea of frozen nitrogen.

These features are probably caused by the freezing 
and sublimation of nitrogen.  Like on Triton it 

seems that at these temperatures, nitrogen powers 
the surface features.



Charon
Pluto has a very unusual moon, Charon, which is 
about half its size (which would make it 1/8 Pluto’s 
mass).  

Charon is phase locked with Pluto, but Pluto is also 
phase locked with Charon. The sides facing each 
other are always facing each other. 

Charon is oddly smooth and looks like it has a 
mountain on it. It also has a red polar cap, but what 
it is made of is unclear. 



Charon mountain in 
a depression



Rings
All of the outer planets have rings, but Saturns are 
100,000 times to 1 billion times more massive then 
the rings around the other planets. 

They also reflect about 60% of the light that falls on 
them instead of 5% which is what the other rings tend 
to do. 

Jupiter’s ring is actually just a temporary ring caused 
by the ejections on Io.



Tidal forces stretch 
an object and can 
become strong 
enough to rip apart 
an object. The limit 
where the tidal 
forces overcome the 
object’s local gravity 
is called the tidal 
stability limit.  
An object may not 
be destroyed at this 
limit because other 
forces like those 
between rocks can 
hold it together.



Formation of Rings

Rings around planets are all within their tidal 
stability limit so it is likely they form when an object 
gets to close and is pulled apart.  

It could also be the case that the tidal forces keep 
the object from forming in the first place. But there 
is evidence that rings are fairly young, so probably 
something got too close and was pulled apart.



The rings have gaps because little moonlets are in the 
rings that cause gaps and keep the rings in order



Artist Picture of Ring Particles
The rings are made of 
particles of ice. Sizes range 
from grains to 100s of 
meters. 

Saturn’s rings are incredibly 
thin. They are 70,000km 
across with a thickness of 
20m. 

A scale model out of paper 
would need to be 1 km 
across and Saturn would be 
an 80 story building. 



Rings of Uranus and Neptune

The rings of Uranus and Neptune are dark unlike 
Saturn’s rings. In fact they were discovered because 
they blocked out stars behind them. 

This darkness is not uncommon in the outer solar 
system, similar dark covering is found on many 
moons. 

It is believed that this is some form of hydrocarbon 
reaction that occurs over millions or billions of years.



Rings of Uranus Rings of Neptune

visible after very long exposure



Rings and Moons
Interactions between rings and moons or moonlets are 
very important. Resonances, ratios in the orbits, between 
rings and moons are what give the rings their shapes and 
keep them thin. 

Without moons rings would spread out and eventually 
become a cloud. Each ring and gap between rings is 
related to a moon or moonlet.  

For Uranus and Neptune these shepherd moons are too 
small to see, we only know about them for Saturn because 
Cassini was in orbit around Saturn for many years.




