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Reviewer #1 

I am reviewing this paper as someone with a background in terrestrial seismology, and 

free oscillations in particular. The idea of seismology on Saturn was new to me, and I 

found it very interesting to read about. Given that the aim of this paper is to expose a 

broader audience to these new ideas, I think it succeeds very well, and the paper 

certainly made me want to read more about the topics.  

 

I think the paper could probably be published as is, but I do have a few minor 

suggestions. Firstly, while the paper seems to be appropriately referenced overall, I 

sometimes wished that specific references in support of some specific statements. Here, 

for example, I am thinking of the discussion on lines 102-114 regarding the types of 

waves that can be excited within the rings, and how they depend on the order and 

degree of the underlying planetary oscillation. I am assuming that these points are 

explained in detail within some of the theoretical papers referenced earlier. But I think it 

would be helpful to have a more targeted reference after the statement about l-m being 

odd or even to point the reader to a specific location where they can find out about this.  

 

Another point I found a little confusing was the use of the term "fundamental mode" 

which occurs at various points, and is sometimes contrasted with a gravity mode. I may 

well have missed it, but I am not sure a clear statement about what exactly constitutes a 



 

 

fundamental mode in this context. Within terrestrial seismology, I would take this to 

mean the mode at a given degree l with the lowest frequency (and hence overtone 

number n = 0). In elastic planets there is the added complication of two families of 

modes, and so one might speak of a fundamental toroidal or spheroidal mode. This 

might be what was meant here also, though, as I say, this was not obvious. In contrasting 

these modes to gravity ones, I did wonder if the distinction being made was that 

between what might be called acoustic modes and internal modes (I think 

helioseismologist use the terms f-mode and g-mode, respectively, but I could be wrong). 

In any case, a bit more explanation would be helpful, I think.  

 

A very minor point regards the comments on lines 252-254 in regard to better 

theoretical treatments of rotational effects. First, based on what has been done in 

terrestrial free oscillation seismology, I would say that the use of higher-order asymptotic 

methods is not obviously the way to go. Indeed, large-scale coupling calculations are not 

rather standard in that field, and can account for rotation in an essentially complete 

manner. Second, the meaning of "hydrodynamic models that can solve for 

eigenfrequencies empirically" was lost of me completely. Here, by the way, would be 

another place where a few more targeted references would be useful.  

 

Finally, in line 254 it states that "fundamental mode frequencies scale roughly linearly 

with Saturn's rotation rate". I imagine that this is meant to refer to shifts in the 

frequencies due to rotational effects, and not to the overall eigenfrequency. But if not, I 

don't think the claim is at all obvious, and needs a suitable reference or further 

explanation.  

 

David Al-Attar 

Reviewer #2 

This is a well-written and interesting commentary on an active area of current research, 

in which waves detected in Saturn's rings are being used to make inferences about the 

interior structure and rotation of the planet. I enjoyed reading the article and it made me 

aware of some recent advances in this area. These are exciting developments in 

planetary science that deserve to be explained and publicized to a wider audience 

through this type of article. The author is himself an active researcher in this area. The 

commentary is suitable for publication subject to minor revision as suggested below.  

 

A couple of factual issues:  

 

1. "Density waves are forced by eccentric satellite orbits" (lines 107-8): I would suggest 

"coplanar" instead of "eccentric" here, as even a satellite on a circular orbit forces density 

waves in the rings.  

 

2. The description of the conditions for resonance (lines 115-123) has been simplified to 



 

 

make it easily accessible to a wider audience. I find it a bit too simplified, though. 

Without going into any detail about Lindblad and vertical resonances, precessional 

effects, etc., perhaps it could be modified along the lines of:  

 

"For a given oscillation mode in the planet, the frequency of the gravitational forcing 

experienced by an orbiting ring particle depends on the oscillation frequency of the 

mode, its azimuthal order m, and the orbital frequency of the particle. The vast majority 

of ring orbits couple to the mode quite poorly because...develop. But at the special radial 

locations in the ring at which the forcing frequency coincides with the orbital frequency, 

each extremum in the forcing takes place at the same orbital phase, and a coherent 

response will develop."  

 

A question raised in my mind by the conclusions is:  

 

3. If the inner half of the planet by radius is the electrically conducting part but is also 

stably stratified and therefore not convecting, then how does the planetary dynamo 

work?  

 

Some minor technical/linguistic/typographic points:  

 

"They have also provided an estimate of the length of a Saturn day, a tough quantity to 

measure" (lines 30-31). This might be read as implying that it's hard even to make a 

rough estimate of Saturn's rotation rate, which is of course not the case. I might suggest 

instead "They have also provided a measurement of the length of a Saturn day, a tough 

quantity to determine."  

 

Line 35: I would suggest a capital D for "did" here (the first in a list of questions).  

 

COROT -> CoRoT (line 66).  

 

normal modes oscillations -> normal mode oscillations (line 145).  

 

Line 154: I don't think "trapped" is needed before "surface gravity waves" (they don't 

propagate radially).  

 

The use of "leveraged" in lines 188 and 239 is not to my taste, but that is just my 

opinion!  

 

retrieved on -> retrieved (line 311). 

 


