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While Jupiter and Saturn are both known to be 

composed primarily of Hydrogen and Helium, many 
aspects of the internal structures of these giant planets 
are still unclear [1-2]. For example, we do not yet 
know the size and mass of any compositionally distinct 
cores inside these planets [3]. Recently, the Juno Mis-
sion to Jupiter and the Cassini Mission to Saturn have 
been providing abundant new information about these 
planets, and while these data will certainly help clarify 
what is going on inside these planets in the near future, 
some of these findings are still very puzzling. 

 In particular, detailed studies of Cassini observa-
tions of Saturn’s rings have revealed numerous struc-
tures that are likely generated by oscillations and 
asymmetries inside the planet [4-7]. While some of 
these features had been found previously in Voyager 
observations and had been interpreted as products of 
structures inside Saturn [8], the much more extensive 
Cassini data now allows us to determine the rotation 
rate and/or oscillation frequencies of the planetary 
structures that are generating specific patterns in the 
rings. This means that we can use the rings as a sort of 
seismometer to probe Saturn’s interior.  

Further study of the ring signatures has shown that 
there are two very different sorts of planetary struc-
tures that are affecting the rings: normal-mode oscilla-
tions and azimuthal asymmetries. The normal-mode 
oscillations were the ones originally predicted by [8] 
and produce variations in the planet’s gravitational 
field that are much faster than the planet’s rotation 
rate. Most of the ring structures generated by these 
oscillations have not changed appreciably since Voy-
ager, which imply they correspond to relatively persis-
tent aspects of the planet’s interior. Indeed, recent 
analyses of these oscillation modes have been used to 
argue that some parts of Saturn’s interior are stably 
stratified [9] 

By contrast, there are other structures in the rings 
that appear to be generated by variations in the planet’s 
gravitational field that have approximately the same 
rotation rate as Saturn’s winds. These are most likely 
due to mass anomalies or other asymmetries inside the 
planet. Detailed investigation of the ring structures 
generated by these asymmetries reveals that their ap-
pearance has changed over the course of the Cassini 
mission, which implies that the asymmetries inside the 
planets are not rotating at a strictly constant rate. In-
deed, for all cases we can identify, the frequency of the 
perturbation appears to be increasing, and so it appears 
that something is happening inside Saturn that is caus-
ing structures inside the planet to spin up over the 
course of the last decade. Furthermore, one of these 
structures was first seen by Voyager, and the planetary 
phenomenon responsible for that feature appears to 
have been evolving in this way for at least the last Sat-
urn year. The observed trends therefore are unlikely to 
be tied to seasonal changes. Instead, they may reflect 
longer-term evolution in the planet’s atmosphere 
and/or interior.  
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