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Mercury from Messenger 
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Mercury Surface Details 
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Leaving Mercury 

4



Planets & Exoplanets 2010: Observations of Solar System PlanetsChristoph U. Keller, C.U.Keller@uu.nl

Venus Volcano 
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Mars Gully Channels 
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Mars Lava Channels 
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Mars Sand Dunes 
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Mars Streaks on Slopes 
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Mars Slope Streaks 
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Mars North Polar Deposit 

11



Planets & Exoplanets 2010: Observations of Solar System PlanetsChristoph U. Keller, C.U.Keller@uu.nl

Mars Crater Dunes 
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Mars Crater Dunes in Winter 
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Mars Avalanche 
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Flying Over Mars 
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Mars Closeup 
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Mars Dust Devil 
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Mars Weather 
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Mars Rover 
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Jupiter from HST 
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Jupiter Atmosphere Evoluation 
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Jupiter Cloud Band Changes 
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Jupiter Fireball 
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Saturn Ring Edge Variation 
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•  Instead, the ring is dense enough, and its edges are sharp enough, for unforced "free" waves to grow on their own and then reflect back again at the edge, scientists say. [New photo of Saturn's B ring.]

•  Researchers think this behavior is common in other disk systems, such as spiral galaxies including our own Milky Way, and in protoplanetary disks found around nearby stars.

•  While the phenomenon has been modeled in computer simulations, it had never been observed in nature — until now.

•  "We have found what we hoped we'd find when we set out on this journey with Cassini nearly 13 years ago: visibility into the mechanisms that have sculpted not only Saturn's rings, but celestial disks of a far grander scale, from solar systems, like our own, all the way to the giant spiral galaxies," said Carolyn Porco of the Space Science Institute in Boulder, Colo., a study co-author and leader of the Cassini imaging team.

•  The new observations could help explain the bewildering variety of structures seen throughout the densest regions of Saturn's rings, according to the study appearing today (Nov. 1) in the online version of Astrophysical Journal.

•  Saturn's mystery oscillations

•  Scientists have known since the early 1980s, when NASA's Voyager spacecraft flew by Saturn, that the outer edge of the planet's B ring was sculpted into a rotating, flattened-football shape. The strongest gravitational resonance in Saturn's rings is caused by the planet's moon Mimas.

•  Resonances in Saturn's rings occur where the relative orbital positions between ring particles and a moon continually repeat, altering the particles' orbits. In the case of the Mimas resonance, the particle orbits are changed from circles to ellipses that form a two-lobed pattern rotating with Mimas.

•  But it was clear, even in Voyager's findings, that the outer B ring's behavior was far more complex than anything Mimas alone could cause, researchers said.

•  Now, analysis of thousands of Cassini images of the B ring edge, taken over the course of four years, has revealed the source of most of the complexity: the presence of at least three additional, independently rotating wave patterns, or oscillations.

•  These oscillations have spontaneously arisen as a result of the B ring's density and its crisp edges, which allow wave patterns to form and bounce around, researchers said.

•  "These oscillations exist for the same reason that guitar strings have natural modes of oscillation, which can be excited when plucked or otherwise disturbed," said Joseph Spitale of the Space Science Institute, the study's lead author and a member of the Cassini imaging team. "The ring, too, has its own natural oscillation frequencies, and that's what we're observing."

•  Just like a spiral galaxy

•  Astronomers believe that such self-excited oscillations exist in other, distant disk systems. However, motions within these remote systems cannot be directly observed, and researchers have instead resorted to computer simulations to study them.

•  Now that has changed.

•  The new observations confirm the first large-scale wave oscillations of this type in a broad disk of material anywhere in nature, researchers said.

•  This same process might explain all the puzzling chaotic waveforms found in Saturn's densest rings, from tens of meters up to hundreds of kilometers wide.

•  "Normally viscosity, or resistance to flow, damps waves, the way sound waves traveling through the air would die out," said Peter Goldreich, a planetary ring theorist at the California Institute of Technology in Pasadena, who was not involved in the study.

•  "But the new findings show that, in the densest parts of Saturn's rings, viscosity actually amplifies waves, explaining mysterious grooves first seen in images taken by the Voyager spacecraft," he added.

•  More Saturn moons?
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Saturn Ring Elevated Structures 
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Small Object above Rings 
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Ring Equinox 
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Saturn Hexagon Jet Stream 
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Titan Atmosphere 
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Huygens 
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Titan Ontario lake 
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Titan Lakes 
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Titan Winds 
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Enceladus Plumes 

37



Planets & Exoplanets 2010: Observations of Solar System PlanetsChristoph U. Keller, C.U.Keller@uu.nl

Enceladus Plumes 
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Enceladus Fissure 
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Enceladus Plumes 
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Iapetus 

41



Planets & Exoplanets 2010: Observations of Solar System PlanetsChristoph U. Keller, C.U.Keller@uu.nl

Dione 

42



Planets & Exoplanets 2010: Observations of Solar System PlanetsChristoph U. Keller, C.U.Keller@uu.nl

Asteroid Lutetia 
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Hartley 2 
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Hartley 2 Radar Echo 
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Hartley 2 Model 
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www.naic.edu/science/ao_hartley.html


