
Change of times and states, brandish your crystal tresses in the sky and with them scourge the 
bad revolting stars.
                                              William Shakespeare

Lords Of The Rings

Hi everyone. In this module we’ll explore Saturn’s rings and tour the ring systems of the other 
Jovian planets. Yes, they all have rings.

So what are Saturn's rings like? Well, Saturn's rings are made up of countless particles each 
orbiting Saturn independently, kind of like a tiny moon. The rings lie in Saturn's equatorial plane. 
And they are extremely thin. In fact, Saturn's rings are one of the thinnest known objects in the 
cosmos relative to its size. So they are really, really wide but super, super thin relative to its 
radial extent. 

The image on the upper left above is about as good as you can do from an Earth-based 
telescope taking a look at Saturn. You see the rings. You'll also notice a large gap, known as the 
Cassini Division. We’ll cover what causes the gaps and other phenomena within the rings 
shortly.The right image above is from the Cassini mission which is still orbiting Saturn. You get a 
much better sense there are multiple gaps, different colors, and different types of structures.

Everybody wonders what it would be like in the ring system. Unfortunately putting a billion dollar 
satellite into the rings is probably not going to happen. So the lower image above is an artistic 
rendition of what it probably is like like - trillions and trillions of objects from sand grains all the 
way up to city block boulders orbiting Saturn.
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What causes the gaps ? Moons, and the highly technical term moonlets. Located within and 
beyond the rings they create the gaps though orbital resonances. We know what orbital 
resonances are by now, right? That's when one object orbits at an integer multiple of times of 
another object in orbit. Orbital resonances are like getting pushed on a swing at the playground. 
As we discovered with Io, orbital resonances mean that there will be a repeated gravitational 
nudge. These nudges tend to clear all the particles out of a region. Thus a gap.  The left image 
above is one example of that process.

The right image above shows another cool phenomena known as shepherd moons. These are 
two small moons that orbit near the inner or outer edges of rings or within gaps in the rings. 
Together they form a ring between them - they act as shepherds to a flock.  The gravity of 
shepherd moons makes for a sharply defined edge to the ring between them. Any material that 
drifts closer to one of shepherd moons orbit is either deflected back into the body of the ring, 
ejected, or accreted onto the shepherd moon. The two above are known as Prometheus (inner 
edge) and Pandora (outer edge).
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All the Jovian planet systems have rings. But they're much fainter. Their ring particles are 
smaller, darker, and less numerous than Saturn's. The images above show the ring systems of 
the other Jovian planets. 

Jupiter has a simple four ring system. They are faint, gossamer-like, and consists mainly of dust 
- no large particles. They may be due to may two of Jupiter’s smallest and innermost moons that 
are being torn apart by tidal effects. 

Uranus has a ring system in between the complexity of Saturn’s and the simpler ones around 
Jupiter and Neptune. Today there are about 13 rings, and they are made of very dark material. 
Perhaps ice with some radiation burned organics on the surface of the orbiting objects. One of 
Uranus’s rings also has two shepherd satellites, Cordelia and Ophelia,

Neptune’s ring system is simple is having 5 rings. Like Uranus’s rrings, they are made of very 
dark particles and probably for the same reason. What makes Neptune’s eye popping is that 
several rings are not complete rings - they are incomplete arcs or arches that only go partway 
around. How such a system can remain as stable as it appears to be is at the forefront of 
science. 
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Most of the ring particles probably come from the breaking up of small moons, captured 
asteroids, captured comets, and material left over from the formation of the Jovian worlds 
themselves some 4.5 billion years ago. The smallest ring particles probably come from the 
countless impacts and collisions. 

For example, in Saturn’s ring system show above, material collide every few hours. Even 
though they're relatively low-velocity collisions, the material get chipped away over time. If you 
start off with a basketball-sized rock in Saturn's rings, on timescales of about 50 million years, 
you grind it to dust. It will be obliterated. Atmospheric drag then cause the ground up dust  to 
spiral inward and eventually go into the atmosphere and onto the planet. So ring material is lost. 

The net result is that ring systems are eventually destroyed. Saturn's brilliant rings may just be a 
special treat for the epoch that we happen to live in. They probably didn't exist a billion years 
ago. They're probably not going to exist even 500 million years from now. So enjoy Saturn's 
beautiful ring system, shown in translucence below, while it's with us. 

Thanks! Bye bye.
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