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Early in January 1610 
Galileo discovered four 
satellites of Jupiter,….   

….. directed his telescope 
to Saturn for the first time 
in the middle of July 1610, 
and to his surprise he saw 
the planet not round and 
single, but triple……

- A. van Helden (1984)

Galileo’s Observation of Saturn



A Comparison of Ring Systems



Basic Question No. 1

• Primordial origin (least 
likely).

• Tidal breakup of passing 
comets or Trans-Neptunian 
Objects TNOs) of 150 km 
size.

• Collisional fragmentation of 
inner satellites inside the 
Roche limit (more likely 
according to Charnoz et al., 
2009)

What are the origins of the planetary rings?

Phoebe



Basic Question No. 2

Why only Saturn has a dense ring system?

Why only Saturn has a dense ring system?



• Some possible answers might be 
found by looking at the similarities 
and dissimilarities of the Jovian
and Saturnian rings.



Faint rings of Saturn
Janus (220x160 km)

Epimetheus (140x100 km)



The Voyager Discovery Image



The Main Jovian Ring

Metis (D~40 km)



Jovian ring and dust halo



Outer rings from Keck

Showalter et al. 2008



The Jovian Ring System

Thebe

Amalthea

Metis



The shadow resonance effect

• GLL dust detector found Jovian
ring dust far out from the orbit of 
Thebe (Krueger et al., 2008).

Hamilton and Krueger 2008



Saturn Rings as An Example:
Force equilibrium of small charged grains



Ring erosion mechanism & Generation 
of Ring Atmosphere and Ionosphere

� Meteoroid bombardment � water vapor

and dust particles

� Ring particle collision � small dust 
grains

� Photosputtering � H2O, O2 and H2 
molecules



Tseng et al. (2009)

Ring O2 atmosphere and O2
+ ionosphere

(Strong Ring-Planet Coupling)



Life of the Saturnian Rings

• Integrated 
photosputtering rate ~ 
107 O2/cm2/s
implying a lifetime of

About 109 years for 
the A ring and much 
less for the C ring.



A possible scenario for the 
evolution of Jovian rings

�

From thick to thin via electromagnetic scattering
of charged fine dust and photosputtering

of icy grains/time scale shorter than at Saturn’s orbit.
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A Chinese Initiative to Jupiter

A mission under study by the Center for Space Science 
and Applied Research (CSSAR) in Beijing is called SPORT
(Solar Polar Orbit Radio Telescope). The main payload of 
SPORT is a 15MHz imaging radiometer using the Clock 
Scan configuration to image the interplanetary CMEs with 
two sets of four 75m long arms rotating around the 
spacecraft. SPORT is currently under feasibility study and 
may be launched around 2017-2018.

The SPORT spacecraft will swing-by Jupiter to achieve 
polar orbit as in the case of the Ulysses mission.

Possibility of combining Io Probe with SPORT?



DARA 1996 Io Probe Feasibility Study

Pluto 
Express



Strawman Scientific Payload

• NMS
• IMS/RPD
• MAG
• Dust Counter
• EPD
• Radio Science
• Europa Impact Probe Package



Scientific Objectives

• To provide in-situ 
measurements of Io’s 
volcanic environment and 
the associated effects on 
atmospheric and 
ionospheric structures, 
and Io’s magnetospheric
interaction.

• To serve as the Impact 
Probe for Europa in 
connection to its 
astrobiological and 
geophysical study. 

Europa and the Jovian rings 
from Galileo
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