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Galileo, Il Saggiatore, 1623 (The Assayer)




SYSTEMA SATYRNIVM. 4"

ea quam dixi annuliinclinatione , omnes mirabiles Saturni
facies ficut mox demonftrabitur, co referri pofic inveni.
Et hxc eaipfa hypothefis eft quam anno16 56 dic 2 5§ Mar-
ti) permixtis literis una cum obfervatione Saturniz Lunz
cdidimus,

Erant enim Liter® aaaaaaacccccdeeecegh
iiiiiiillllmmnnnnnonnnnoooo pp qrr steeet
uuuuu; que fuis locis repofite hoc fignificant , Annulo
cingitur, tensuis plano, nufquam cobarente, ad eclipticamin-
clinato. Latitudinem vero fpatij inter annulum globum-
que Saturni interjecti, quareipfius annulilatitudinem vel
excedere ctiam, figura Saturniabaliis obfervata , certiuf=
que deinde qua mibi ipfi confpecta fuit, edocuit: maxi-
mamque item annuli diametrum eam circiter rationem ha-
bere ad diametrum Saturni que eft gad4. Ut verapro-

C h r i S,I, i aan inde forma fit cjufmodi qualem appofito fchemate adums-
bravimus,

A, D B, o e~ -

Huygens

. Czterum obiter hic iis refpondendum cenfeo, quibUs oepyri-
Sa.l-urn l l l l novum nimis ac fortafle abfonum videbitur,quod non tan- ruriis gse

He 1NNl

tum alicui czleftium corporum figuram ejufmoditribuam, ;... 2f
cui fimilis in nullo ha&enus eorum deprehenfa eft, cum f;.
16 5 9 contra pro certo creditum fuerit, ac veluti naturaliratione
conflitutum, folam iisfphxricam convenire, fed & q:md
annulum




Erant enim Liter® azaaaaacccccdececegh
iiiiiiillllmmnnnnnonnnnoooo pp qrr sttt

uuuuu; qua fuis locis repofite hoc fignificant , Annulo

cingitur, tenwuiy plano, nufquam cobarente, ad eclipticam in-
c¢linato. Latitudinem vero fpatij inter annulum globum-

The ring

encircles,

IS thin,

planar,

nowhere connected,

and inclined fo the ecliptic.

— Christiaan Huygens, 1659







SYSTEMA SATURNIUM, b

Cujus phafeosvera proinde forma, fecundumea quz

fupra circa annulum definivimus c;uf modi erit qualis hic
Aelmem_cctmﬂu._mmcm_gmnhdmmam_«_d_mmnmm (o




Ring Thickness

http://photojournal.jpl.nasa.gov/catalog/PIA08356



http://photojournal.jpl.nasa.gov/catalog/PIA08356
http://photojournal.jpl.nasa.gov/catalog/PIA08356

Ring Thickness

5-10 meters
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Cassini ISS, PIA08356






Q. Why do equinoxes matter?

A. We get to see phenomena normally lost in the
glare of the main rings.

@ Small satellites
@ Faint rings

A. We get to examine the vertical structure of
the rings.

@ Thickness
@ Warps & bending waves

A. Satellite shadows, occultations, mutual events.




1966: Saturns E Ring

NATURE, VOL. 214, MAY 20, 1967
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Concerning the ‘‘D’’ Ring of Saturn

1

In his excellent chronological review book of observa- ]1 =l
tions, The Planet Saturn, Alexander! compares the outer,
“D” ring of Saturn to the Loch Ness Monster: some see
it, and some do not. During the second half of the nine- | —4—
teenth century a number of visual observations were = A T
reported by experienced observers but the issue seems to 1
have been settled by Barnard? in 1909, using the 40 in.
Yerkes refractor visually and getting negative results.
Apparently few, if any, attempts have been made photo-
graphically to detect a ring outside the well known
A, B and C rings.

The recent edge-on configuration of the ring system was
an appropriate time to investigate the problem of the
hypothetical “D” ring photographically. It is known
that when seen nearly edge-on, the A ring, normally
fainter than the B ring, can sometimes appear brighter
than B. Similarly, an outer “D” ring might appear
relatively bright at the time, while when in the open
position it may be completely unobservable.

Although there are theoretical arguments against the

existence of an outer ““D” ring, for example, the sweeping Fig. 2. a, Microdensitometer trace along path X~X of Fig. 2b. Expo
effect of the inner moons (combpare (Alfven?). there is at time, 5 min, December 12, 1966. Other data as in Fig. 1a. b, Aspec

L

)

i
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1966: Janus




ICARUS 47, 288-290 (1981)
‘

NOTES

Observations of the Saturn E Ring and a New Satellite

[
P l l I l e I I . e u s, S. M. LARSON, J. W. FOUNTAIN, B. A. SMITH, anp H. J. REITSEMA

Received May 22, 1981: revised June 29, 1981

Lunar and Planetary Laboratory, University of Arizona, Tucson. Arizona 85721
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1979: The E Ring is Blue!

(cf. HST, 1995)




1979: E Rings Connection
to Enceladus

MUAS DU veagmdiasast LU cOIIONAL O AISTUpUYE Processces, auu
is therefore unlike any other known ring. Hence, we can give
some credence to the possibility that the E Ring originates in

‘““geyser-like” eruptions from the surface of Enceladus. Depend-

ing on the precise particle size chosen, the ring's peak normal
nntisnol Adarth je found 1o he 1 &(+N 4) 1in=-s NORRCSTEIEN | Y,

Showalter et al

1991. Icarus 94,
451-473.

Edge—on piofile [1/F dz (km)

Distance from Satuin axis (Rg)
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1995: Warps in the Ring Plane

Credit: NASA/STScl/P. D. Nicholson, Cornell



1995:
Vertical
thickness
of the

F Ring

Image Credit: NASA/STScl/P. D. Nicholson, Cornell



10 August 1995

1995:

@ Chaotic
Interaction
between
Prometheus
and Pandora.

@ Dispersion of
the F Rings %
clumps. B ey

74 LIt |
-150 -100 -50 0 50 100 150
Nicholson et al., 1996. Science 272,453-616 Separation (kkm)




Earth-based Discoveries

@ 1966
I @ E Ring
13 vy
@ Janus
@ 1979-1980
@ Epimetheus, Helene, Telesto, Calypso
16 y I @ E Ring color & association with Enceladus
@ 1995
@ Prometheus/Pandora chaotic interactions
14 v @ Vertical warps in the ring plane
@ F Ring thickness
@ 2009

22



Uranian Equinox,
December 2007
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2009: Slim pickins’ for
Earth-based Observers

Solar &

Heliospheric
Observatory

(SOHO)

September 18,
2009

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



http://sohowww.nascom.nasa.gov
http://sohowww.nascom.nasa.gov

Saturn « February 24, 2009 12:46UT Hubble Space Telescope WFPC2

NASA, ESA, and the Hubble Heritage Team (STScl/AURA) STScl-PRC09-12a



B Ring “Sp
Voyager ISS, August

Vie, see
o/saturn/animations/saturn_spoke.mov



http://pds-rings.seti.org/saturn/animations/saturn_spoke.mov
http://pds-rings.seti.org/saturn/animations/saturn_spoke.mov

Cassini’s First Spoke

September 5, 2005
Cassini ISS, PIA0773 |




Spokes, November 20089
PIA10561




Spokes, February 2009
PIA 11470



Spoke Lighting Geomeftry

"Summertime” sunlight: Sunlight
@ The B Ring is well lit.

@ Sunlight follows a short, direct path
through the tenuous spoke.




Spoke Lighting Geomeftry

"Springtime” sunlight:
@ Grazing sunlight makes the B Ring darker.

@ A longer path through the tenuous cloud makes
the spoke more visible.

o ® Sunlight




Impacts into the Rings (?)
August || & 13,2009
PIAI1674
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Shadow of Tethys

May 20, 2009
PIAI 1525










Two Images of the B Ring Edge




Two Images of the B Ring Edge




Two Images of the B Ring Edge

~I4O km







Hypothesis: Densely packed ring material, when
squeezed together, has nowhere to go but "up”.







Someday, we'll see this
iIn the Uranian € ring!

e, 20 km wide
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Daphnis and its “VVake”

June 8, 2009
PIA1 1654




and its ““Wake”

Daphni
July 13,200
PIAI 1677




Daphnis and its*

July 13,2009
PIAI 1677

Sharpened and enhanced



“Something” in the F Ring

June 11,2009
PIA11662



F Ring “mo p
April-August, 200




Shadows of Encke Gap Ringlets

August 19,2009
PIA11676




let, ~ 400 m

July 26,2009
PIAY 1665







Ripples in the C Ring

August 10,2009
PIAI1167]




Ripples across the C Ring

July 11,2009
PIAI| 1664







From Hedman et al. 2007.
Icarus 188, 89-107




Ripples in the D & C Rings

"Cut-away” view of the rings




Ripples in the D & C Rings

"Cut-away” view of the rings

06000000000000000009
+6000000000000000609

@ "Something” tilts the ring plane slightly in spring 1984.




Ripples in the D & C Rings

"Cut-away” view of the rings

OOOOOOQOOOOOOOOQOOQO OOOOOOOOOOOOOOOOOOOO

i in spring 1984.
ing” tilts the ring plane slightly in sp
@ "Something

: “wobble”
Pl bits to “wob
uses inclined or
@ Oblateness ca




Ripples in the D & C Rings

"Cut-away” view of the rings
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Ripples in the D & C Rings

"Cut-away” view of the rings

|
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April 1984
O months




Ripples in the D & C Rings

"Cut-away” view of the rings

3 months July 1984




Ripples in the D & C Rings

"Cut-away” view of the rings
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Ripples in the D & C Rings

"Cut-away” view of the rings

|
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Ripples in the D & C Rings

\\CU'I'-away'I view OF the rings
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Ripples in the D & C Rings

"Cut-away” view of the rings

48 months April 1986




Ripples in the D & C Rings

"Cut-away” view of the rings

September 2009

281 months










The Problem...

@ We still know that "something” happened in spring
1984.

@ The pattern still unwinds to a particular
moment.

@ That “"something” affected 17,000 km of the ring,
not just a small region of the low-mass D ring.

@ It was a much larger event than we had
imagined.




Saturn at Equinox

August 12,2009
PIAI 1667




Saturn at Equinox

August 12,2009

Rings illuminated PIAL1667

primarily by
Saturn-shine

v

|

Only the F Ring is still glowing
(...as was noted in HST data from 1995)




http://saturn.jpl.nasa.gov/video/videodetails/?videolD=195

Suggestion: Advance to |:14 in the movie

NASA/JPL/Alberto Flandes & the CIRS team

— 7


http://saturn.jpl.nasa.gov/video/videodetails/?videoID=195
http://saturn.jpl.nasa.gov/video/videodetails/?videoID=195

1995 Equinox: HST/WFPC2

2009 Equinox: Cassini ISS



THE UNIVERSE

YOURS TO DISCOVER
@ 400 vyears of telescopic

+ astronomy.

@ 399 years from Galileos

.
4 ‘ first look at Saturn.
\ @ 350 years since the
‘ ' publication of Huygens’
\ A Systema Saturnium.

INTERNATIONAL YEAR OF @ Heyday of the Cassini

ASTRONOMY Mission.

: 2009 @ Saturns equinox.















