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The ring
encircles,
is thin,
planar,
nowhere connected,
and inc lined t o  the ecliptic. 

—  Christiaan  Huygens, 1 659 
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Ring Thickness 

http://photojournal.jpl.nasa.gov/catalog/PIA08356 
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5–10 meters 

Ring Thickness 

Cassini ISS,   PIA08356 
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275,000 km 
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Q.  Why do   equinoxes ma tter? 

A.  We get  to  see phenomena n ormally l ost  in  the 
   glare of the main  rings. 

Small sa tellites 
Faint  rings 

A.  We get  to  examine the vertical s tructure of
   the rings. 

Thickness 
Warps &   bending wa ves 

A.  Satellite shadows, o ccultations, m utual e vents. 
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1966:  Saturn’s  E Ring 
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1966: Janus
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1979: 
Epimetheus,
Helene,
Telesto,
Calypso 
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1979:  The E Ring is Bl  ue! 

Larson, 1979

(cf. HST, 1995)
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1979: E Ring’s Connection 
to Enceladus 

Showalter et al 
1991. Icarus 94,

451–473. 
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November 27, 2005
 
Cassini ISS, PIA07758
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1995:  Warps in   the Ring Pl ane 

Credit:   NASA/STScI/P.  D.  Nicholson,  Cornell 
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1995: 
Vertical  
thickness  
of the 
F Ring 

Image Credit:   NASA/STScI/P.  D.  Nicholson,  Cornell 
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1995: 
Chaotic 
interaction  
between  
Prometheus  
and Pandora. 

Dispersion of 
the F Rin g’s  
clumps. 

10 August 1995 
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Nicholson et al.,  1996.  Science 272,  453–616 
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 Earth-based Discoveries 
1966 

E Ring 
13 y 

Janus
 
1979–1980
 

Epimetheus, Helene, Telesto, Calypso 
16 y E Ring color & association with Enceladus 

1995 
Prometheus/Pandora chaotic interactions 
Vertical warps in the ring plane 14 y 
F Ring thickness
 

2009
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2003 2004 2005 2006 2007 

Uranian  Equinox, 
December 20 07 

Credit:   I.  de Pater,  U.  C.  Berkeley/W.  M.  Keck Telescope 
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1995
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2009
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2009
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2009
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2009:  Slim pickins’ f or 
Earth-based Obser vers 

Credit:  SOHO -  http://sohowww.nascom.nasa.gov 

Solar & 
Heliospheric 
Observatory 

(SOHO) 

September 18,  
2009 
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B Ring  “Spokes” 
Voyager ISS,   August 1981 

For a brief mo vie,  see 
pds-rings.seti.org/saturn/animations/saturn_spoke.mov 
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Cassini’s First Spoke 
September 5, 2005 

Cassini ISS, PIA07731 
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 Spokes, November 2008 
PIA10561 
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 Spokes, February 2009 
PIA11470 
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Spoke Lighting Geo metry 
“Summertime”  sunlight: Sunlight 

The B Rin g is wel  l l it. 
Sunlight  follows a short, direct  path 
through the t enuous sp oke. 
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Spoke Lighting Geo metry 
“Springtime”  sunlight: 

Grazing su nlight  makes the B Rin  g da rker. 
A  longer pa th thr ough the t enuous c loud ma kes 
the spoke more visible. 

Sunlight 
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Impacts into the Rings (?)    
August 11 & 13,  2009 
PIA11674 
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“Groundhog Da y” 
Shadow of Epimetheus  

January 8,  2009 
PIA11650 
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Shadow of Epimetheus Redux   
July 11,  2009 
PIA11584 
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Shadow of Tethys 
May 20, 2009 

PIA11525 
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Shadow of Pan
July 27, 2009
PIA11581
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B Ring edge
April 9, 2009
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   Two Images of the B Ring Edge
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   Two Images of the B Ring Edge
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   Two Images of the B Ring Edge 

~140 km 
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“Before”
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“After” 

Hypothesis: D ensely pa cked r ing ma terial, w hen 
squeezed t ogether, ha s n owhere to  go  but  “up”. 
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B Ring edge
April 9, 2009
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Someday, we’ll see this 
in the Uranian ε ring!
 

20 km wide 

100 km wide
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Daphnis and its “Wake”
June 8, 2009

PIA11654
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Daphnis and its “Wake”
July 13, 2009
PIA11677
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Daphnis and its “Wake”
July 13, 2009
PIA11677

Sharpened and enhanced   
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“Something” in the F Ring
June 11, 2009
PIA11662
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F Ring “moonlets”
April–August, 2005
PIA07716
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Shadows of Encke Gap Ringlets
August 19, 2009

PIA11676
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B Ring Moonlet, ~ 400 m
July 26, 2009

PIA11665
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A “Propeller” Moonlet, ~ 400 m
August 13, 2009

PIA11676
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Ripples in the C Ring
August 10, 2009

PIA11671
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Ripples across the C Ring
July 11, 2009

PIA11664
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Saturn’s Shadow 
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From Hedman  et  al.  2007.  
Icarus  188, 89–107  
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Ripples in   the D  &  C Rin gs
“Cut-away”  view  of the rings 
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Ripples in   the D  &  C Rin g
“Cut-away”  view  of the rings 

s 

“Something”  tilts the r ing pl ane slightly in   spring 1984.  
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Ripples in   the D  &  C Rin gs 
“Cut-away”  view  of the rings 

“Something”  tilts the r ing pl ane slightly in   spring 1984.  
Oblateness c auses inc lined o rbits t o  “wobble.” 
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Ripples in   the D  &  C Rin gs
“Cut-away”  view  of the rings 

 

“Something”  tilts the r ing pl ane slightly in   spring 1984.  
Oblateness c auses inc lined o rbits t o  “wobble.” 
Inner o rbits w obble faster than   outer o nes. 

6m 4m 3m 
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Ripples in   the D  &  C Rin gs
“Cut-away”  view  of the rings

0 mo nths  April  1984 

6m 4m 3m 
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Ripples in   the D  &  C Rin gs
“Cut-away”  view  of the rings 

6m 4m 3m 

3 mo nths July  1984 
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Ripples in   the D  &  C Rin gs
“Cut-away”  view  of the rings 

6 mo nths October 1984  

6m 4m 3m 

67 



Ripples in   the D  &  C Rin gs
“Cut-away”  view  of the rings 

9 mo nths January  1985 

6m 4m 3m 
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Ripples in   the D  &  C Rin gs
“Cut-away”  view  of the rings 

12 mo nths April  1985 

6m 4m 3m 
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Ripples in   the D  &  C Rin gs
“Cut-away”  view  of the rings 

48 mo nths April  1986 

6m 4m 3m 
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Ripples in   the D  &  C Rin gs
“Cut-away”  view  of the rings 

281  months September 20 09 
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Previous “Model”
A modest impact tilts the ring locally
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The Problem... 
We still kn ow  that  “something”  happened in   spring 
1984. 

The pattern  still u nwinds t o  a pa rticular 
moment. 

That  “something”  affected 17 ,000 km of the r ing, 
not  just  a sma ll r egion  of the low-mass D   ring. 

It  was a m  uch l arger e vent  than  we had 
imagined. 
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Saturn at Equinox
August 12, 2009

PIA11667
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Saturn at Equinox
August 12, 2009

PIA11667Rings illuminated  
primarily by 
Saturn-shine 

Only the F Ring is still glo    wing 
(...as was noted in HST data fr    om 1995) 
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  NASA/JPL/Alberto Flandes & the CIRS team 

http://saturn.jpl.nasa.gov/video/videodetails/?videoID=195 
Suggestion: Advance to 1:14 in the mo vie 
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1995 Equinox:  HST/WFPC2 

2009 Equinox:  Cassini ISS  
78 



400 y ears of t elescopic 
astronomy. 

399 y ears fr om Galileo’s  
first  look at  Saturn. 

350 y ears sinc e the 
publication  of Huygens’ 
Systema Sa turnium. 

Heyday of the Ca ssini 
Mission. 

Saturn’s equin ox. 
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