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• Discovery & exploitation of solar 
oscillations: mid to late ‘70s!

• Voyagers at Saturn: 1980 & ‘81

Science Context





Origin of Idea

• Dave Stevenson: 1982 AGU!

• Resonances between planet 
modes & ring orbits!

• Considered: p-modes & 
inertial modes!

• Focused on inertial modes



Mode Types
• p-modes: trapped acoustic waves, high frequency!

• g-modes: trapped gravity waves, low frequency!

• requires departure from adiabat, e.g., a composition 
gradient!

• f-modes: “…can be regarded as the p- or g-mode 
without nodes…” (Unno et al.). Intermediate frequency. 
Periods ~100 minutes on Saturn!

• inertial modes: Coriolis dominated oscillations



Subsequently
• Marley grad student LPL 1984-‘90!

• Hubbard suggests possible thesis 
topics, mentions Stevenson idea!

• Discards p-modes (radial nodes) 
& inertial modes (too difficult)!

• But f-modes have correct periods 
& no radial nodes

Vorontsov & Zharkov (1981)



f-mode perturbations	
(no radial nodes)

Integral gives 	
g perturbation	

Marley (1991)



f-mode
• For a spherical planet 1 mode couples to 1 ring 

perturbation by orthogonality of spherical 
harmonics  

• Challenge in computing frequencies arises from 
oblate Saturn, coupling between modes, 
uncertain rotation profile with depth…





Theory of ring waves casts satellite gravity forcing in 
spherical harmonics, so fairly straightforward port 

of theory to oscillation gravity perturbations

Marley & Porco (1993) Marley & Porco (1993)



OLR

OVR

Predicted Resonance Locations

Marley & Porco (1993)



Specific Predictions!

Large torque

Marley & Porco (1993)



Uncertainties

Rosen 	
Waves

Predicted Mode	
Resonances

Maxwell 	
Gap

Marley & Porco (1993)



Marley & Porco (1993)



Tests
• Are waves IVR (satellite) 

or OLR (Saturn)?  Bending 
or density?	

• What is azimuthal wave 
number? m should agree 
with prediction

Marley & Porco (1993)



Hedman & Nicholson
• Waves are density waves excited at OLRs 

• Additional frequency splitting beyond rotation 

• Not all m are equally excited

	m=10



Mode Amplitudes
•mode 
amplitude 
translates to 
torque 
applied to 
rings	
!

•few meter 
amplitudes 
can launch 
waves

Marley & Porco (1993)

Mimas 3:1 & Pandora 2:1
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f-mode perturbations	
(no radial nodes)

Integral gives 	
g perturbation	

Marley (1991)



	Four	OVR	bending	waves	in	C	ring

m=-7 W74.666
P=5.006	hr

m=-4 W74.936
P=4.596	hr

m=-9 W74.940
P=5.181	hr

m=-8 W76.234
P=5.251	hr





Summary
• ~10 wave features in rings associated with f-modes!

• interpretation tricky because of ‘hyper fine’ splitting!

• some modes show no such splitting, also detect m, m-1 
for same degree mode, so rotational splitting measured!

• characteristics of ring features bounds mode amplitudes!

• ~few meter amplitudes can explain wave generation (~0.2 
cm/s velocities)!

• no excitation mechanism yet established


