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Abstract

Voyager images have revealed radial undulations of the inner and outer edges of the 325 km wide Encke gap in Saturn’s A ring. These waves are
present at some, but not all, longitudes. Their locations and wavelengths provide strong indirect evidence for the presence of at least one dominant
moonlet of about 10 km radius orbiting near the center of the gap. Implications for 'shepherding' theory are discussed.
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WAVY EDGES SUGGEST MOONLET IN ENCKE'S GAP

JEFFREY N. Cuzzi AND JEFFREY D. SCARGLE
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ABSTRACT

Voyager images have revealed radial undulations of the inner and outer edges of the 325 km wide Encke
gap in Saturn’s A ring. These waves are present at some, but not all, longitudes. Their locations and wave-
lengths provide strong indirect evidence for the presence of at least one dominant moonlet of about 10 km
radius orbiting near the center of the gap. Implications for * shepherding™ theory are discussed.

Subject headings: planets: satellites — planets: Saturn

I. INTRODUCTION

The complex structure discovered in the rings of Saturn by
the Voyager spacecraft has provided a fertile testing ground for
a variety of dynamical theories. Especially within the outer (A)
ring, gravitational resonances with known satellites external to
the rings are of sufficient strength and abundance to account
for most of the observed structure (Lissauer and Cuzzi 1982,
Holberg, Forrester, and Lissauer 1982; Esposito et al. 1984).
However, resonances with external satellites are incapable of
accounting either for the * record-groove " appearance of the B
ring or for the existence of a handful of essentially empty gaps
with widths between 50 and 400 km which occur in the A, C,
and Cassini Division regions of the rings (Cuzzi et al. 1984).

The existence of a population of embedded “ moonlets™ has
been invoked to explain these latter effects. A moonlet exerts a
torque on adjacent ring material which results in transfer of
momentum to or from the ring (Lin and Papaloizou 1979,

The physics of this kinking was developed by Julian and
Toomre (1966) and described also by Lin and Papaloizou
(1979) and Dermott (1981). Encke’s gap contains several
narrow ringlets qualitatively similar to the F ring; in this paper
we report the observation and analysis of edge waves running
along the inner and outer edges of the Encke gap. These waves
are more easily understood than the kinky ringlets, and strong-
ly support the hypothesis that the Encke gap contains at least
one, as yet unseen, embedded moonlet of roughly 10 km radius.
In subsequent papers we will present complementary evidence
and studies of the kinky ringlets in the Encke gap. We will also
systematically explore the edges of other empty gaps. Prelimi-
nary, very cursory, investigation has revealed no wavy edges in
other gaps such as Huygens or Maxwell.

Section II deals with the observations (Voyager images) and
techniques for determining wave properties. Section III briefly
reviews the relevant physics of local ring-moon interactions. In
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Valuable Reference Books

@ Murray & Dermott: Solar System Dynamics

@ The best reference on all aspects of
planetary dynamics.

@ Many examples relate fo planetary rings.

@ de Pater & Lissauer: Planetary Sciences

@ Graduate level text on all planetary
science.

® Both can be viewed on line at Amazon.com!
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Fig. 1022, Two Vovager 2 images that form pan of the discovery sequence of the
satellite Pan, showing its movement i the Encke gap in Satern’s A nng. The nme
between each image 1s 5 minutes. | fmages courfesy of NASAAPL )

Back Cover

Surprise Me!

The coincidence of thas ring with the satellite’s orbit (Showalter 1991) suggests
that Pan 15 mamtaning ring material in horseshoe and tadpole orbits along the
lines proposed by Dermott et al, ( 1979) for the nngs of Uranus, The maximum
radial width of the nng (~ 20 km) 1s compatible with the maximum extem of
the horseshoe region (30 km) for ths satellite (Dermott & Murray 1981a). If
this 15 the case then the Encke gap sysiem exhibits characteristcs of both the
shepherding and horseshoe orbit models of ring confinement. This is illusiraed
schematically in Fig. 10,23, Note that the neptuman satellite Galatea also appears
to share 11s orbit with a faint nng (Showalter & Cuzei 1992) and similar processes
may be operating.

From an analysis of Vevager images Cooke (1991 ) has documented evidence
for variable width in the 35 km wade Keeler gap at 136,488 km, close 1o the outer
edge of Saturn’s A ning. In many respects the Keeler gap 1s even more puzzling
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SPICE Toolkit

@ THE solution for planetary geometry
associated with science products.

@ FORTRAN, C or IDL.
@ OUTSTANDING documentation.
@ Not so bad! Really!

@ Web site: naif.jpl.nasa.gov

@ Data files: ftp naif.jpl.nasa.gov/pub/naif
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. 7 Planetary Data System
: Navigation Node

Welcome to NASA's Solar System Exploration
Ancillary Information System

The Navigation and Ancillary Information Facility (NAIF) offers an information
system named "SPICE" to assist scientists in planning and interpreting scientific
observations from space-borne instruments. SPICE is also widely used in
engineering tasks needing access to space geometry.

SPICE is focused on solar system geometry, time, and related information. The
SPICE system includes a large suite of software, mostly in the form of subroutines,
that customers use to read SPICE files and to compute derived observation
geometry, such as altitude, lattitude/longitude, and lighting angles. SPICE data and
software may be used within many popular computing environments. The software
is offered in Fortran, C and IDL®, with a Matlab interface in the works.

SPICE is used on NASA's solar system exploration missions, and some NASA space
physics and astrophysics missions. It is also being used as an adjunct to local
national capabilities on some non-U.S. missions such as Mars Express, Rosetta,
Venus Express and Hayabusa.

There is no charge to individuals to obtain SPICE data and software.

The export status with regard to SPICE components and services is provided under
the RULES link on this website.

Announcements

¢ The IERS has announced there will *NOT* be a new leap second (positive or
negative) declared for the December 2007 opportunity. Thus the current SPICE
generic leapseconds kernel, named naif0008.tls, and any unmodified copy
thereof, will remain valid through June 2008.
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Toolkit > FORTRAN

Toolkits are available in the FORTRAN language for the platforms listed below.

Mac/PowerPC, 0S-X, Absoft FORTRAN
Mac/Intel, 05-X, Intel FORTRAN
Mac/PowerPC, 05-X, g7

PC, CYGWIN, g7/

PC, Linux, g7/

PC, V

PC, Windows, Intel FORTRAN

PLC, Windows, Lahey FORTRANSS

Sun, Solaris, SUN FORTRAN

Site Manager; Chuck Acton
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Toolkit > C

Toolkits are available in the C language for the platforms listed below.

Mac/PowerPC, C

Mac/Intel, 05-X, Ap

PC, CYGWIN, gCC

PC, Linux, gCC

PC, Linux, gCC/64Dbit

PC, Windows, M oft Visual C
Sun, Solaris, SUN

Sun, Solaris, gC

Site Manager; Chuck Acton
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Toolkit > IDL

Toolkits are available in the IDL language for the platforms listed below.

Mac/PowerPC, 05-X, Apple C/ID
Mac/Intel, O5-X, Apple C/IDL 6.
PC, Linux, gCC/IDL 6.3

PC, Windows, Microsoft Visual C/1DL 6.3
Sun, Solaris, SUN C/IDL 6.3

Sun, Solaris, gCC/IDL 6.3
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Examples of SPICE Ephemeris Objects

Navigation and Ancillary Information Facility

Asteroid

1/
‘ Comet Fe) /

Antenna

feed cone
Solar Spacecraft

/i

NG

Object
on
Satellite surface
Planet Planet
barycenter mass
SPK Subsystem center 3
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Reading an SPK File

Navigation and Ancillary Information Facility

Initialization...typically done once per program execution

Tell your program which SPICE files to use (“loading” files)
CALL FURNSH ('spk_file_name’) } Better yet, replace these

two calls with a single call
______________ e __Tiaiite jy to a “furnsh kernel”

containing the names of all
kernel files to load.

Loop... do as many times as you need

Convert UTC time to ephemeris time (TDB), if needed
CALL STR2ET ( 'utc_string’, tdb]

Retrieve state vector from the SPK file at your requested time
CALL SPKEZR (target, tdb, ‘frame’, ‘correction’, observer, stafe, hghﬂme]

_ Use the returned state vector in computing geometry of interest.

SPK Subsystem

15
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A Simple Example of Reading an SPK File

Navigation and Ancillary Information Facility

Initialization - typically do this just once per program execution

-C.HLL FURNSH ( 'NAIF0008.TLS' ) Better to use a "furnsh kernel’
. | instead of these individual
_C..ﬁLL FURNSH ( HUYGEHS_B_I-ERGE .BSP' ) FURNSH statements U

Repeat in a loop as needed to solve your particular problem

'CALL STR2ET ('2004 NOV 21 02:40:21.3', TDB )

CALL SPKEZR ('TITAN', TDB, 'J2000', 'LT+S', 'HUYGENS PROBE',
STATE, LT )

(Insert additional code here to make derived computations such as E{Jacecraﬂ sub-latitude
and longitude, lighting angles, etc. Use more SPICE subroutines 1o help.)

In this example we get the state (STATE) of Titan as seen from the Huygens probe

at the UTC epoch 2004 NOV 21 02:40:21.3. The state vector is returned in the J2000

inertial reference frame and has been corrected for both light time and stellar aberration (LT+8S).
The one-way light time (LT) is also returned.

A SPICE leapseconds file (NAIF0008.TLS) is used, as is a SPICE ephemeris file (HUYGENS_3_ MERGE.BSP)
containing ephemeris data for the Huygens probe (-150), Saturn barycenter (6), Saturn mass center (699),
Saturn's satellites (6xx) and the sun (10), relative to the solar system barycenter.

SPK Subsystem 18
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Space Telescope Archive

@ Designed primarily for astrophysical use.
@ Not ideal for planetary searches.

@ ..but still usable!

@ archive.stsci.edu/hst/search.php
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possible, try entering coordinates rather than target names, or use the NED name resolver instead.

Archive Status

Standard Form

HST Search Form (Help)

File Upload Form

| Reset | I Clear Form |
Target Name Resolver Radius (arcmin)

SAT™ " Don't Resolve | 3] 3.0
Right Ascensi Declination Equinox
' 2000 E-j*
Imagers Spectrographs Other Proposal Release
Start Time Exp Time D Date
(aL ) (none) _— —
[ NONE ) Wt? o [ NONE )
ISTIS  STIS OFGS Dataset Filters/Gratings Obset ID %
“INICMOS T NICMOS —HSP
MWFPC2 [ GHRS Target Descrip Apertures Observations

_WF/PC O FOS
—FOC —1FOC

K4 ]
Science Calibration
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sloles

1

HS5T Search

4 B :=| g I | & ] | -+ | .http:Harchh.re.sts-:l.Edu,rhstfsearch.php Q ""'rﬂ,- amazon lissauer de pater E}_
Mission Search/ Missions / Contacts / STScl/ MAST Search Help/ Archive Status
(Edit Query)
HST Search Results £t Query |

ispl umeric columns graphically usin

100 rows displayed, but 429 are available.
Click on Dataset or Target Name entries to preview information on data set.
Click on Ref entries to display list of published papers.
Click on Proposal ID entries to display information on observing program.
Records with a @ character next to the mark button are proprietary, and may only be retrieved by authorized users.

I:-_Pint marked spenm"fl { Submit marked data for retrieval from STDADS |

" Mark all-: ':Unmarh: aII:'I {Mark puhlicj ':Unmarh: puhll:""fl " Mark pmpﬂetaw""fl I"'Unmafk pruprietaw"l

Mar Dataset Target Name RA (J2000) |Dec (J2000) |Ref Start Time Stop Time 1I'Ei_:lne Ir
| 1 USGQO3201R |SATURN-EAST 02 49 6.86|+13 30 52.1| 141999-11-03 19:47:00(1999-11-03 19:47:00 ED.O'DC!E_'-
| 1 (USGQ3202M [SATURN-EAST 02 49 6.82||+13 30 51.9| 14(1999-11-03 19:50:00(1999-11-03 19:50:00 E.DUGE
| O |uscQ3203R [SATURN-EAST 02 49 6.78+13 30 51.7| 14/1999-11-03 19:53:00|1999-11-03 19:53:00| 0.500 W
| 1 (|USGQ3204R [SATURN-EAST 02 49 6.74||+13 30 51.6/| 14(1999-11-03 19:56:00(1999-11-03 19:56:00( 0.400 W
| — |[USCGQ3205R (SATURN-EAST 02 496.70(+13 30 51.4 14)1999-11-03 19:59:00)1999-11-03 19:59:00 IJ.4I:IG".|_"-
| 1 (USGQ3206R [SATURN-EAST 02 49 6.66||+13 30 51.2|| 14(1999-11-03 20:02:00(1999-11-03 20:02:00| 40.000 "-_"-
| ! (UBEMZ2201M [(SATURN-EAST 04 54 11.93(+20 46 58.9| 13 |2001-09-08 04:49:00(2001-09-08 04:49:00( 30.000 E
| 1 |UBEMZ2202M [SATURN-EAST 04 54 11.95(+20 46 58.9| 13 |2001-09-08 04:52:00(2001-09-08 04:52:00| 4.000 'u_"-
| ! |UBEMZ2203M [SATURN-EAST 04 54 11.97+20 46 58.9| 13|2001-09-08 04:55:00(2001-09-08 04:55:00 I].ﬂlﬂﬂ_l‘u"-
| 1 |UBEMZ2204M [SATURN-EAST 04 54 11.99|(+20 46 59.0| 13 |2001-09-08 04:58:00|2001-09-08 04:58:00( 0.350 'u_".-
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en0ee MAST: HST Preview
| . ] |{['3-| [G | | + ] -http:f,"arr:hi'-.re.st.f.ci.edu.fcgu—binfmastprevje'.-.-?miﬂﬁlun=h5t&da|:aid=USGE}32D1R Bla~ Coogle

HST Preview

Tools « | Mission_Search
About MAST Getting Started | Suggestions

Preview for USGQ3201R

(Publication reference; ads/sa, HsTEUSLO3201R)

Preview calibrations are uncertain so preview data should be used for diagnostic/quick-look purposes only.

FITS format More preview format options

Exposure Information

Target Name: SATURN-EAST Observation Date: Nov 3 1999 7:47PM Instrument WFPCZ2
RA: 02 49 06.86 Exp Time: 30 Filter /Grating: F336W
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SWIFT

@ Free, supported integration tool for N-body
simulations.

@ Non-colliding bodies only.

@ FORTRAN-T77.

& www.boulder.swri.edu/ ~hal/swift.html



http://www.boulder.swri.edu/~hal/swift.html
http://www.boulder.swri.edu/~hal/swift.html

866
-_ [ @[ ¢ ][+ ] @®hup;//wwwboulder.swri.edu/~haljswiftheml  ~Q swift integrator swri
< > Rollcl+]

SWIFT

A solar system integration software package

The SWIFT subroutine package written by and Martin Duncan is designed to integrate a set of mutually gravitationally

interacting bodies together with a group of test particles which feel the gravitational influence of the massive bodies but do not affect
each other or the massive bodies. Four integration techniques are included:

__| wisdom-Holman Mapping(1] (WHM). This algorithm was created by Jack Wisdom & Matt Holman

L]

— Regularized Mixed Variable Symplectic (RMVS) method. This handles close approachs between test particles and planets. This
algorithm was created by Hal Levison & Martin Duncan and based on WHM.

J A fourth order T+U Symplectic (TU4) method. This algorithm was created by Jeff Candy and W. Rozmus. Also see Martin
Duncan, Brett Gladman, and Jeff Candy

;l A Bulirsch-5toer method.

The package is designed so that the calls to each of these look identical so that it is trivial to replace one with another.

We know that SWIFT will run on HP9000s, SUNs, MIPS, IBM RS6000, DEC alphas (UNIX and Linux), PC's (Linux) and DECstations. We do not
support VMS, but Sandy Keiser of DTM have written a version for VMS, which we are distributing. for more information of the
VMS version. If you are going to run SWIFT on a machine not listed, please let us know how it works.

You can get a compressed tar file of swift by Put swift.tar.Z into a directory that you will use as the main SWIFT directory.
Now you uncompress and un-tar the file by entering:

uncompress swift.tar.Z
tar xovf swift.tar
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Light Scattering Codes

@ Mie Scattering (spheres):

@ web.mit.edu/cegeon/Public/Classes/Mie/

@ T-matrix models (irregular particles):

® www.giss.nasa.gov/ ~crmim/t_matrix.html

@ Discrete dipole approximation (arbitrary
particle shapes of limited size):

@ www.astro.princeton.edu/ ~draine/DDSCAT.
6.0.html



http://web.mit.edu/cegeon/Public/Classes/Mie/
http://web.mit.edu/cegeon/Public/Classes/Mie/
http://www.giss.nasa.gov/~crmim/t_matrix.html
http://www.giss.nasa.gov/~crmim/t_matrix.html

_l._.

Index of fcegeon/Public/Classes/12815/Mie

- ﬁ'r | & || + | 1"l nttp://web.mit.edu/cegeon /Public/Classes/ 12815 /Mie/

- f’qv miev mie scattering

Index of /cegeon/Public/Classes/12815/Mie

Name

Last modified

S5ize Description

ﬁ Parent Directory
E Compile Rumn
E ErrPack.f

E ErrPack.o
E MIEV.doc
2] wevo

2 wrevo.s

E Makefile

=| ex3-x100n0@1. txt

Il
=t
=
=
(5
9

g JSxt
ouputP@l.txt

outputB®®l . txt

outputPl.txt

outputl.txt

E phs_fnc.f

E ascat.f

=] gscat.o

=| x100n@1.txt

16-0ct-2083
#9-Aug-1999
B9-Aug-1999
14-0ct-2083
#9-Aug-1999
15-0ct-2083
99-Aug-1999
14-0ct-2083
B9-Aug-1999
14-0ct-2083
14-0ct-2083
14-0ct-2083
15-0ct-2083
15-0ct-2083
15-0ct-2083
14-0ct-2083
14-0ct-2083
14-0ct-2083
14-0ct-2083
14-0ct-2083
14-0ct-2083
14-0ct-2083
14-0ct-2083

16:
15:
15:
12:
15:
0o
15:
12:
15:

1/

17:

1/

12
12
12
23
12
12
23

19

23

18

23

i

47
0o :
0o :
0o :
12:

17
12
18
35

44
143
142
1 @5
44
L4
1 @7

1k
3k
Bk
21k
897k
B3k
97k
1k
9k
9k
9%k
2k
14k
14k
2Bk
28k
28k
2Bk
3k
2k
Bk
9k




& MASA GISS: Scattering -- T-Matrix Codes

4 b ] |{['r] | c ] | + ] @’http:ffmm.gi;s.na;a.gnwwcrmim.Ft_rnatrix.html "'va [-matrix code

New York, N.Y. + GSEC Earth Sciences Divisio L In%

T-Matrix Codes for Computing Electromagnetic Scattering by Nonspherical and Aggregated Particles

@ Goddard Institute for Space Studies : NASA Fuer:Jm o Flght Genter FIND IT @ NASA :

By Michael I. Mishchenko, Lany D. Travis, and Daniel W. Mackowski

G T T 7 T T = [ Tl
This web site provides free public access to four T-matrix codes for the : T\ “_’ - I:‘:
computation of electromagnetic scattering by homogeneous, rotationally - BT 4 T
symmetric nonspherical particles in fixed and random orientations, a i ‘T N * -
superposition T-matrix code for randomly oriented two-sphere clusters with I . \ .- -~
touching or separated components, and superposition T-matrix codes for ‘E or- % . " S e
multi-sphere clusters in fixed and random crientations. All codes are written g | g B e
in Fortran-77. Each code is extensively documented and provides all = & -~ o
necessary references to relevant publications. A | P -

L ~ F e
The double-precision and extended-precision versions of the regular T- w8 i - |
matrix codes are essentially identical. The extended-precision versions are - - e —
a factor of 5-8 slower than their double-precision equivalents, but allow i |
computations for larger (a factor of 2-3) particles. The extended-precision i L
codes have a more detailed documentation of all the subroutines used. ol o1y o
a 30 B0 20 123 150 180

The regular T-matrix codes are applicable to rotationally symmetric Scatienng Angle (deg)
particles with equivalent-sphere size parameters exceeding 100. At
present, the T-matrix method is the fastest exact technigue for the .__ I | [ _-
computation of nonspherical scattering based on a direct solution of -100 -50 0 50 100
Maxwell's equations. The T-matrix codes are orders of magnitude faster Polarzation

than those based on the DDA, VIEF, and FDTD technigues.

The regular T-matrix codes for randomly oriented particles are based on the analytical orientation averaging procedure
described in the paper M. |. Mishchenko, J. Opt. Soc. Am. A B, 871-882 (1981). This efficient procedure makes the codes 1
to 2 orders of magnitude faster than T-matrix codes based on the standard numerical averaging approach. The superposition
bisphere and multi-sphere T-matrix codes are based on similar analytical approaches and are described in the papers M. |.
Mishchenko and D. W. Mackowski, Opt. Lett., vol. 19, 1604- 1606 (1994) and D. W. Mackowski and M. |. Mishchenko, J.
Opt. Soc. Amer. A., vol. 13, 2266-2278 (1996). In application to bispheres, the multi-sphere T-matrix code is slower than the
bisphere code. However, it can be applied to clusters with a number of components larger than 2.

A general review of the T-matrix method can be found in the paper M. |. Mishchenko, L. D. Travis, and D. W. Mackowski, J.
Quant. Spectrosc. Radiat. Transfer 55, 535-575 (1996) (available in the electronic form at
www.giss.nasa.gov/~crmim/publications). To receive a reprint of this paper, leave a message at crmim@giss.nasa.gov
indicating your name and mailing address. A detailed user guide to the regular random-orientation T-matrix codes was also
published [JQSRT 60, 308-324 (1898)] and is available here in the pdf format. A user guide to the T-matrix codes for




2806 Scattering and Absorption of Light by Small Particles =

4 & ] |ﬁ'r] | & ] | + ] €3 htep: / fwww.astro.princeton.edu/~draine /DDSCAT.6.0.html --”qv ddscat

[Back to B.T. Draine's home page.)

The Discrete Dipole Approximation for Scattering and Absorption of Light by Irregular Particles
DDSCAT, a Fortran code for calculating scattering and absorption of light by irregular particles,
has been jointly developed by Bruce T. Draine (Dept. of Astrophysical Sciences, Princeton
University) and Piotr ). Flatau (Scripps Institution of Oceanography, UCSD); the current version is
DDSCAT.6.0 . This code is publicly available (see below). If you choose to use it, please send email
to <draine@astro.princeton.edu> "registering” as a user; registered users of DDSCAT will be
notified when updates to the code are made.

User Guide for DDSCAT.6.0

An extensive User Guide is available: "User Guide to the Discrete Dipole Approximation Code DDSCAT.6.0", by B.T. Draine and Piotr ). Flatau. A copy of this
document (postscript or pdf) can be obtained from astro-ph/0309069 and can be cited as

Draine, B.T., and Flatau, P.J. 2003, "User Guide to the Discrete Dipole Approximation Code DDSCAT.6.0", http://arxiv.org/abs/astro-ph/0300969.

The following files are of interest:

« astro-ph/0309069.ps.q9z: User Guide for DDSCAT.6.0 (gzipped postscript)
+ astro-ph/0309069.pdf: User Guide for DDSCAT.6.0 (pdf)

Downloading the DDSCAT Code

Unix users will find it most convenient to download

« ddscat.b.0.tgz: gzipped tarfile containing complete source code and documentation for DDSCAT.6.0

Non-unix users can use anonymous ftp to download the code (*.FOR files), documentation (UserGuide.ps), and sample parameter files (ddscat.par and
diel.tab).

History of recent releases:

= DDSCAT.5a9 was released 1998 December 23. It fixes a bug in DDSCAT.5a8, which resulted in incorrect evaluation of elements of the Mueller
scattering matrix (other than S_11, which was correct) for scattering planes other than phi=0.

e A new version of orient.f was released 1999 March 16. Orientational averages are now evaluated as described in the UserGuide; prior to this
date averaging over cos(Theta) was evaluated by dividing the range of cos(Theta) into NTHETA equal intervals, evaluating the scattering at the
midpoint of each interval, and taking the mean. With the new version of orient.f, Simpson's rule is now used for the quadrature when an odd

value of NTHETA is specified by the user.

= DDSCAT.5al0 was released 2000 August 9. It provides a new target option -- NSPHER -- to create targets consisting of the unions of N spheres
(possibly overlapping) of arbitrary sizes and locations. It also uses a more recent version of the LAPACK code used by subroutine PRINAXIS.

e A new target option -- PRISM3 -- to generate a triangular prism was added to DDSCAT.5al0 on 2002.02.12




PDS Rings Node

pds-rings.seti.org

@ Google (TM) search of our site.

@ On-line ephemeris and planetary diagramming
tools: /tools

® Browsable views of all Cassini and Voyager
images: /previews

® Software toolkits in C and FORTRAN: /toolkits

® Voyager and Galileo catalogs, functional but being
phased out: /catalog

@ New general catalog in development: /demo



80 The Planetary Rings Node
[ 4 P ] | ﬁ'[] l & | I + | ﬁht:p:dei—rings.seti.urg.f - .'.:1- pds rings

Planetary Rings Nohgk.,x

Rings Node Home The Rings Node of NASA's Planetary Data System is devoted to archiving, cataloging, and distributing
scientific data sets relevant to planetary ring systems.

Cassini Mission (JPL)
Press Release Images

Data and Information C() ( 18[(?"

Jupiter Recent Highlights
Saturn

Uranus ¢ What's New on line.
Meptune

- JTli.'nr:uu-l_:llia Search?"
) Search the Rings Node () Search the Web

RO
 —— o A set of ROSES 2007 support pages providing information and data access to support the

Data 5‘5"_""-"' =2 rings related analysis programs in this year's announcement is now available.

Mew Horizons

Cassini # Cassini Data

Voyager o Qur Cassini Data Archive has been updated for the July, 2007 data releases. Mew data
GCalileo arrives in October.

Hubble Telescope ¢ New: A simplified version of the Cassini CIRS (thermal infrared) data set is in peer review.
Saturn RPX 1005 Comments welcome!

Uranus RPX 2007 o Cassini Press Release Images are on line and updated regularly.

e QOur ephemeris tools are always up to date with the latest Cassini trajectory information.

Dccultations

Astrometry * Voyager Data

o New: A complete set of SPICE C kernels is now available for the Voyager 1 Saturn
encounter., More kernels will follow shortly.

¢ New: Complete, expanded volumes of IRIS (thermal spectra) data are on line and ready
for peer review.

& New: Preliminary versions of the calibrated Uranus images are on line in volumes

Data wolumes
Zip archives
Previews /Thumbnails

VGISS 0001, VGISS 0002, and VGISS_0003. Check back for updates.
Tools ¢ New: The complete set of Voyager images from Saturn in calibrated and geometrically
Toolkits corrected formats is through peer review and now in lien resolution. Comments are still
Glassary welcome.

o Qur Voyager information pages have received a complete makeover, including the
addition of more SPICE data and information.

Mark Showalter e Ring occultation data sets from the PPS (photopolarimeter) and UVS (ultraviolet
Mitch Gordon spectrometer) are complete.
Meil Heather e The Radio Science (RSS) ring occultation data set is in lien resolution following peer

review. Check back for updates.
Submit a comment |

« Other Data
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sl @ e Rings Node On-line Tools
| 4 > | |ﬁ'r| | c | | + | B/ http://pds-rings.seti.org/tools/ @ ~(Q- Google

Planetary Rings Node

'l'-..._\-_-_-_
rings Nede Home —— Rjngs Node On-line Tools

Cassini News

Cassini Mission (JPL) A set of tools to assist planetary scientists in the planning, acquisition and interpretation of
Press Release Images observations of the ringed (and possibly-ringed) planets.

Data and Information

Versions of these tools are now available to support the Cassini Mission and the New Horizons Jupiter

fyby.

Jupiter

Saturn Planet Viewers

Uranus

Meptune These forms enable you to generate a diagram showing the appearance of a

YT — plangtaw system at a specified tlme._ Bodies an.d r'mg_s are rendered 1:~.|'|th

Data Search terminators and shadows as appropriate. The viewpoint can be Earth's center,
) o a particular Earth-based ocbservatory, or a spacecraft.

MNew Horizons

Cassini Click for Jupiter, Saturn, Uranus, Neptune, or Mars.

YVoyager

Galileo

Hubble Telescope
Saturn RPX 1995
Uranus RPX 2007
Occultations
Astrometry

Moon Trackers

These forms enable you to generate a diagram showing the apparent east-
west motion of one or moons relative to the disk of a planet, within a
specified time period.

Downloads

Data volumes
Zip archives
Previews [Thumbnails

Click for Jupiter, Saturn, Uranus, Neptune, or Mars.

Resources

Tools
Toolkits

Glossary Lo wisi i tn . Ephemeris Generators

SO0, NAND 1% WLTOLA-ZN ALANE @747 L9

SOAN%, LEST 19 .MLET35-20.41148 1.7 1S,
LS TEEL R R LB L TR H A

Sn n ol D00 These forms enable you to generate a table listing useful information about
Mark Showalter st e 1 st e Lo L ¥ “ “

Mitch Gordon saisien i o1 the viewing geometry for a planet and/or any of its moons as a function of
g v T s aes faw n time. You are free to specify which of a variety of useful guantities to tabulate
Meil Heather BIS. N15T 19 MIDBOD=ZN. G0N P.6ES L%,

Boatn noon 19 sipaseae ot e e e.g. RA and dec, phase angle, ring opening angle, distance, lunar phase,

. SOAG0, 23] 19 M1 E-20.ITAN E.aM L%,
Submit a comment | Reafo, L84 19 MIdEIB-20. 3Toae £oums 18, BTC.).

EDANG, 19 19, MINGIN-Z0. J6EFE 1L BT LR,

ﬂ;(-.]::lljl '*-“ﬂ}'“-“:‘“ t!i: LB,
G018 14 EIAYAT=En . JRbAE B9 1% . .

BOAN0, GOl 0W ,MADILT-ZH, I5HED B EDR L,

soio. jos 13 moiinzi awed 2 s Click for Jupiter, Saturn, Uranus, Neptune, or Mars.
Sopfi. I8 14 B RIA-3N . a3 2 NLE 1%
SOA50, 150 1Y BqR]98-Z0, J4AZT @, SED LD
SOAR0, H3X] 19 AEESE-20, J0ENL  B.4W L%
SO0, 16T 19 e 0-21, 1303E
S035], Nceem 1% BARCEN-ZH, JISEE @ aR4 12

-
i

-
-3




-Tratr - Cassini/Saturn Viewer 1.4

4 4k | & | | + | Ehttpfffpdﬁ—l’iﬂgE.EEIi.DFg,"tﬂDlS,"ViEWEI’E_S-ltt.html (4] "‘rﬂv Google

TR NI Ty

Cassini/Saturn Viewer 1.4

Click here for help, or click on individual highlighted items.

MNote that this tool is identical to the Saturn Viewer 2.5 but with a streamlined form and the viewpoint hard -wired to Cassini. For other viewpoints
(Woyager, Earth, or a particular observatory), follow the link above.

Dbservation Time

2007-07-25 12:00 (Required)
Field of View:
6 " Saturn radii I%] (Reguired)

Ephemeris Options

) New Prometheus fit (SATO77 + SATO86 + SATOB1 + SATO60 + SAT101 + DE405)

2004 -May-29 to 2008-Aug-08 for most satellites
2004 -May-29 1o 2004-Dec-31 for Prometheus, Pandora and Pan

) Prometheus fit 2002 (SATO77 + SATOBG6 + SATO81 + SATOBOD + SAT127 + DE405)
2004 -May-29 to 2008-Aug-08 for all satellites except Pan
2004 -May-29 w 2004-Dec-31 for Pan

f® Pre-Cassini (SAT196 + SAT207 + Pan + DE405)

19358-5Sep-15 to 2019-Dec-03 for Mimas-Phoebe
1980-Jan-20 to 2009-Jan-11 for small satellites
19958-Jan-01 to 2009-Dec-31 for Pan

Diagram center:

@ Body: | Saturn B

) Ring ansa: | ARing %] | east |§]
O J2000 RA and Dec: _hours_[%) degrees
O star name: (Click here for the current list.)

Moon Selection:

C
=
3
n
|
=
o
(i)
o
b
A
'—l
v
£

...plus Janus & Epimetheus (S10 & 511)
...plus Helene, Telesto & Calypso (S12-514)
...plus Prometheus & Pandora (516 & 517)
...plus Atlas (S15)

..plus Pan (S18)

OO0 ®




/|08 Saturn Viewer 2.5 Results =

4 & ] |{['r] | [ ] | -+ ] ﬂhttp:,’fpds.—ring;.EEti.urg,"cgi—hin,.’mul;,.’viewerz_sat.pl () --"Qv Google
Field of View Description (J2888 )

Body =P Dec dR& (" dhec ("}
699 Saturn 11k 16m B3.3358s 3d BYm 42.340= 8. H86 8. H86
6E1 Mimas 11h 2em B5.4123= 4d 14m 355 .5868z g36a5.469  1816.454
6682 Ence ladus 11h 33m 44 .83546s 4d 19m 37.5833s  18136.742  1316.4387
683 Tethys 11k 18m 25,2529 4d B4m BH.236s 1374 .688 427 .539
684 Dione 11h B3m B9 .63656s 3d 38m B9.124s 12326747 -1173.282
685 Rhea 11h 4Zm 41.52359= 4d 22m 41.481s Z3166.546  1499.6E5
686 Titan 12k 1%m 18.53683= Bd BYm 37.133=  B41Z7V.488 4194.787
B6ET Hyperion 16h B3m 48 .25858s 1d 3Zm 48.5265 -61249.8331 -37601.526
683 Iopetus 16h 44m 32 .58z26s 18d 24m b6 .42z -29845.712 23234 .876
6689 Phoebe 12k 23m 48.7994s dd 3om B1.281s  B9987.823 -1581.865
618 Janus 11h 2&m B5.9616s 4d B9m 47 .664s g119.153 T2h.3148

611 Epimetheus 11h B1m 48 .45823= 3d 3m B3.642s -1366H.363 -12353.784

Sub-zolar lotitude {degh: -11.42301 ({-11.45191 to -11.39412%
Fing opening angle {degy: B.83539 J{unlit)
Phaze ongle {deglh: 21.18331
Sub-zolar longitude {degh: 28A.98068 from ring plone ascending node
Sub-observer longitude {deg): Z15.51475

Sun-plonet distonce (kmb: 13588.158526 x 1A*G
Obzerver-plonet distance (km): 2.2854E08 x 18MG
Light travel time {sech: 7623273

F Ring pericenter {deg): 281.7787% from ring plane ascending node
F Ring azcending node {deg): 152.94911

Preview:

Samrn Vewer Results

B

=g ]

o (0 6

Dechiration (@ m g}
)

700 )




Saturn Viewer Results

[Enceladus

L
\ Ny,

o
=
&
c
e,
gt
]
£
0
o)
0O

11 30 00 1120 00 111000 11000
Right Ascension (h m s)

Time (UTC): 2007-07-25 12:00
Ephemeris: Pre-Cassini (SAT196 + SAT207 + Pan + DE405)
Viewpoint: Cassini
Moon selection: Mimas-Phoebe, Janus & Epimetheus
Ring selection: A,B,C,F

Generated by the Saturn Viewer Tool, PDS Rings Node. Sun Jul 22 07:44:58 2007




89006

VG_0005/BROWSE/S_RINGS/C3495XXX

|« || @ ]| e ||+ | BEhup://pds-rings.seti.org/browse/VG_0005 /BROWSE/S_RINGS/C3499XXX/

~Q~ Coogle

VG_0005/BROWSE /S_RINGS/C3499XXX
AU
=Prev Pat_:l,?[.'f.-’ 5 Next>
Complete File List

Image Credit: MASAS|PL

C3499442. [ GIF | [IBC |

C3499446. [ GIF | [ 1BC |

C3499450. [ GIF | [1BG |

C3499458. [ GIF | [ BC |

C3499502. [ GIF | [1BG |




S0 COISS_2004/DATA/1466584980_1467427246
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Advanced Voyager Image Query Form
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Advanced Voyager Image Catalog Query Form

This form enables users to select Voyager images based on a broad variety of constraints, including constraints on the geometric
content of an image. Pointers to data and thumbnail preview images are also returned. For general information click here; for
information on specific fields click on the field name below.

The standard Vovager Image Query Form is faster for most purposes, but it does not allow geometric constraints.

Voyager-Specific Constraints

Planet: [ JUPITER |4

Spacecraft: | B
Instrument: | B
FDS count: to
lupiter targets: | J_RINGS %) or | amaLTHEA 1§ or | B

Saturn targets: | #) or | %) or | B
Uranus targets: | 4] or [ %) or | B
Neptune targets: | %) or | #) or | B
Other targets: | #) or | BES B
Note: | contains %]
Filter: | i) or | %) or | B
Exposure time (sec): to

Scan mode: | 9"

f i

Shutter mode:

Edit mode: | B"

Anomaly: |

General Constraints
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Voyager Image Query Results — -
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Voyager Image Query Results

The SQL query...

select *

from wgr_iss,ring_observation

where vgr_iss.ring_observation_id = ring_observation.ring_observation_id
and mission_phase_name = 'JUPITER_ENCOUNTER'

and target_name in ('J_RINGS', 'AMALTHEA')

order by vgr_iss.ring_observation_id, wvgr_iss.occurrence_number

Listing type: Detailed
Include previews: No
Records to skip: &

Records found: 132
Records returned: 100

MNote: This query listing is limited to 100 matches. You may view the remainder of the list by using the "Skip the first ___ records”
option.

Top | Summary listing | Detailed listing | Help

SUMMARY LISTING

Click on record number to jump to detailed entry.
Click on FDS count for thumbnail preview image.

#  FDS Planet Vgr Camera Target Filter Texp Scan Shutter Ring?
@Bl 15588.28 JUPITER 1 MNARROW AMALTHEA  CLEAR ©.9680 1:1 BSIMAN NO
B2 15588.29 JUPITER 1 WIDE  AMALTHEA  CLEAR ©.3686 1:1 BSIMAN NO
BB3 15933.37 JUPITER 1 NARROW AMALTHEA  CLEAR ©.9686 1:1 NAONLY NO
PB4 16879.23 JUPITER 1 NARROW AMALTHEA  ORANGE ©.9680 1:1 BSIMAN NO
BB5 16879.25 JUPITER 1 NARROW AMALTHEA  GREEN B.726 1:1 BSIMAN NO
BBe 16879.27 JUPITER 1 NARROW AMALTHEA  VIOLET @.486 1:1 BSIMAN NO
PB7 16183.57 JUPITER 1 WIDE AMALTHEA  CLEAR B.360 1:1 WADNLY NO
BGBE 16164.82 JUPITER 1 NARROW AMALTHEA  CLEAR ©.968 1:1 BSIMAN NO
@89 16164.83 JUPITER 1 WIDE  AMALTHEA  CLEAR ©.3686 1:1 BSIMAN NO
916 16137.11 JUPITER 1 WIDE AMALTHEA CLEAR B.360 1:1 WADNLY NO
@11 16137.16 JUPITER 1 NARROW AMALTHEA  CLEAR ©.968 1:1 BSIMAN NO




Voyager Image Query Results
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Browse Image:

VG_B825/]_RINGS/C2069257.IM) [GIF]
VG_P0aE/BRONSE/]_RINGS/C2069257.IBG [GIF]
VG_BB25/BRONSE/]_RINGS/C2069257.IBG [GIF]

Top | Summary listing | Detailed listing | Help

Query Record:

Ring Observation ID:
Ring Information:
FDS count:

Image ID:

Mission Phase:
Spacecraft:
Instrument:

Target:

Filter:

Exposure Time (sec):
Scan Rate:

Edit Mode:

Gain Mode:

Shutter Mode:

Mask:

Anomaly:

MNote:

Event Time:

Earth Received Time:
Ring radius (km):
Ring resolution Ckm):
Incidence (deg):
Emission (deg):
Phase (deg):
Observation time:
Ring event time:
Wavelength (micron):
Compressed Image:

Browse Image:

123 [PREVIEW]
1/ IMGAVGZ/ TS5/ 20693 . 81/N

YES
20693.81
821412+881
JUPITER_ENCOUNTER
VOYAGER_2
MARROW_ANGLE_CAMERA
J_RINGS
CLEAR(®)
96.8085
2:1
1:2
LOW
NAODNLY
11111111
MOMNE

SCAN ALONG RING FOR BRIGHTMESS IN FORWARD SCATTERING
1979-87-11T81:19:10. 066

1979-67-11T62:11:08. 000

178488.536 to 332525.838

14.886 to 570,460

89.972

88.122

173.512

1979-87-11T81:17:33.995 to 1979-07-11T81:19:106. 0666
1979-87-11T@1:17:28.815 to 1979-87-11T61:19:04 . 828
B.460 (0.280 to @.648)
VG_PBes/]_RINGS/C2069301.IM) [GIF]
VG_BB25/]_RINGS/C2869361.IM) [GIF]
VG_PBes/BROWSE/]_RINGS/C2069381.IBG [GIF]
VG_P825/BROWSE/]_RINGS/C2869301.1IBG [GIF]

Top | Summary listing | Detailed listing | Help

Query Record:

124 [PREVIEW]




Temporary GIF Generator

| .| | |£| |£| |i| Ehttp:,-"_.-'pdﬁ—ring5.5eti.n::r‘g_.-'cgi—hin,-"l:empgiF.pl':‘ﬁIe=‘-.-'G_DEH]E..-'J_FtINGE

[[] Infor Cassini¥ PDS¥ HST¥ Astronomy~¥ Travelv Shopping> Entertainment¥ Vacationv Collections Apple (64)~

-~

Temporary GIF Generator

Your GIF image:
(Mote: temporary images remain available only for 2 hours)
VG _0008.] _RINGS.C2069302.GIF
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Rings Node Search System Beta result count:  TEEETIETETEEN

start ower save this query

General Constraints

General Constraints W Planet @
Ring Geometry Constraints 2 Jupiter z Saturn 2 2
Wavelength Constraints jp- Mominal Target Class
- Mominal Target Name
- Mission @

h.. Instrument Host Mame @
h... Instrument Name @
h.. Observation Time @

= Target Intercept Time
b Observation Class @

- Measurement Quantity @

> Data Type @
= Ring Observation 1D

b.. Mote @
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006 http://pds-rings.seti.org/demao/
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Rings Node Search System Beta Result Count: 46,464

start ower save this query

General Constraints

E General Constraints W Planet @

g 1 i1 1 i1
Ring Geometry Constraints N pier E Saturn — -

Wavelength Constraints - Mominal Target Class
W Mominal Target Name
Image Constraints - i i i 1 - i
— ATLAE — ENCELADUS — — — PAN — J
1 1 1 1 1 1 1
Cassini Mission Constraints — — EPIMETHEUS — HYPERION — METHOME — PANDORA — EATURN — TELESTO
1 1 1 1 1 1 1
— CALYPEO — — [APETUE — MIMAE — PHOEBE (- — TETHYEG
1 1 1 1 1 1 1
Cassini [55 Constraints — — — — — POLYDEUCES — — TITAN
1 1 1 1 1 1 1
— — — JANUS — — PROMETHEUS — J
1 1 1 1 1 1 1
— DIDNE ‘— HELENE — — PALLENE — RHEA e L
1
- Misslon @

h.. Instrument Host Name @

¥ Instrument Name @

i1 i1 i1 i1
— Cassini CIRE — Cassini VIME e —
E =i i =i

Cassini I55 — ‘Voyager IS5 — —

h... Observation Time @

= Target Intercept Time
- Observation Class @

- Measurement Quantity @

- Data Type @
- Ring Observation 1D

- MOLE @
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006 http://pds-rings.seti.org/demao/
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Rings Node Search System Beta Result Count:  [JIEEHN

start ower save this query

General Constraints

E General Constraints W Planet @

- . i1 | i1
Ring Geometry Constraints - E Saturn — -
Wavelength Constraints - Mominal Target Class
¥ Nominal Target Name
| Constraint
mage Constraints — . — — E — —
— ATLAS — ENCELADUS — — PAN — —
o . i1 i1 i1 i1 i1 i1 i1
Cassini Mission Constraints — i—! EPIMETHELS i—t HYPERION i— METHONE — PANDORA — EBATLURN i— TELESTO
i1 i1 i1 i1 i1 i1 i1
— CALYPSO — — [APETUS — MIMAS — PHOEBE — i— TETHYS
Cassini IS5 Constraints [ ] H [] [ | pOLYDEUCES - ) TITAN
i1 i1 i1 i1 i1 i1 i1
— — — JANUS — — PROMETHELS — —
i1 i1 i1 i1 i1 i1 i1
—4 DIOME i—! HELEME ) — PALLEME — RHEA J J
1
h... Mission @

h.. Instrument Host Mame @

¥ Instrument Name @

i1 i1 i1 i1
— Cassini VIME —J _l

E — i —
Cassini IS5 ) —J -

h.. Observation Time @

= Target Intercept Time
> Observation Class @

jp- Measurement Quantity @

= Data Type @
= Ring Observation 1D

b.. Mote @
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Rings Node Search System Beta Result Count:  [JIEEIN

view table view gallery view cart sawve this view

choose columns l'_.ﬂlpu-pllu plpuufl
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S/IMG/CO/IS5/1492024160/N

[ ¢ || & || + | B¥nhup://pds-rings.seti.org/demo/info_page/index.php?ring_obs_id=S/IMG/CO/!

Rings Node Search System Beta

S5/IMG/CO/IS5/1452024160/N

~I Q- Google

Result Count:

= Products
1 Product Found:

download now  add to cart: ||

FILE_SPECIFICATIOM_MAME: data/1401988345_1492054459/N1492024160_1.IMG
VOLUME_ID: COISE_2011

PRODUCT_TYPE: EDR

LABEL_TYPE: DETACHED

OBIECT_TYPE: IMG

FILE_FORMAT_TYPE: VICAR

INTERCHANGE_FORMAT: BINARY

INSTRUMENT_ID: COISS

mote:

Back to Resulis
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http://pds-rings.seti.org/demo/results/

Rings Node Search System Beta

wiew table

choosa columns

wview gallery

add all results to cart

wiew cart

IR results per page

save this view

p-nnnnfl

Result Count:

m refine search

:Edig Ring Observation 1D Planet |Mominal Target Name | Instrument Name Observation Time Camera Exposure Duration|Filter Name
s

D SSIMG/COS IS5/ 1488190255/ Saturn PAN Cassini [S5 2005-058T09:44:23.830 Marrow Angle Camera GEO CLEAR
D SSIMG/COSISS/ 1488273311/ Saturn PAN Cassini [S5 2005-059T0R:48:39.417 Marrow Angle Camera GO CLEAR
D CSIMG/COSISE/ 1488368442 N Eaturn PAN Cassini [S& 2005-060T11:14:09.817 Marrow Angle Camera GHO CLEAR
D C/IMG/COSIS5/ 1488485562/ Eaturn PAN Cassini [S& 2005-061T19:45:09.0749 Marrow Angle Camera =] CLEAR
D CSIMG/CO/IS5/ 1488551713/ Eaturn PAN Cassini [5& 2005-062T14:08:39.6562 Marrow Angle Camera 12| CLEAR
D CSIMG/CO/ISE/ 1488711044/ Eaturn PAN Cassini [E5 2005-064T10:24:00.562 Marrow Angle Camera 6EO CLEAR
D SAIMG/COSISS/148B7451 247N Saturn PAN Cassini [S5 2005-064T19:52:09.343 Marrow Angle Camera GEO CLEAR
D SSIMG/COSISS/ 148881 2400/ Saturn PAN Cassini [S5 2005-065T14:33:24.0910 Marrow Angle Camera GO CLEAR
D CSIMG/COS 1SS/ 148BB267 25/ Eaturn PAN Cassini [S& 2005-065T1A:32:09.818 Marrow Angle Camera GHO CLEAR
D C/IMG/COSISS/ 148887385/ Eaturn PAN Cassini [S& 2005-066T11:23:09.428 Marrow Angle Camera =] CLEAR
D CSIMG/CO/IS5/ 14880911415/ Eaturn PAN Cassini [5& 2005-066T1A:03:39.274 Marrow Angle Camera 12| CLEAR
D C/IMG/CO/ISE/ 14880140835/ Eaturn PAN Cassini [E5 2005-066T19:00:39.252 Marrow Angle Camera 6EO CLEAR
D SSIMG/COS IS5/ 14809258067/ Saturn PAN Cassini [S5 2005-070T16:21:09.045 Marrow Angle Camera GEO CLEAR
D SSIMG/COS IS5/ 14809433560/ Saturn PAN Cassini [S5 2005-072T19:06:09.916 Marrow Angle Camera GO CLEAR
D SSIMG/CO/ISE/ 1402024160/ Eaturn PAN Cassini [S5 2005-102T18:42:24.329 Marrow Angle Camera GHO CLEAR
D CSIMG/COSIS5/ 1402670755/ Eaturn PAN Cassini [S& 2005-110T06:18:55.184 Marrow Angle Camera =] CLEAR
D CS/IMG/COSIS5/14027591 20/ Eaturn PAN Cassini [5& 2005-111T06:51:39.6148 Marrow Angle Camera 12| CLEAR
D C/IMG/OO/ IS5/ 1403446020/ Eaturn PAN Cassini [E5 2005-119T05:54:55.210 Marrow Angle Camera 6EO CLEAR
D SSIMG/COSIS5/14035440975/N Saturn PAN Cassini [S5 2005-120T09:09:09.582 Marrow Angle Camera GEO CLEAR
D S/IMG/COSIS5/14951 70356/ Saturn PAN Cassini [S5 2005-139T04:38:40.165 Marrow Angle Camera GO CLEAR
D SSIMG/COSISE/ 1405207721/ Eaturn PAN Cassini [S& 2005-139T15:01:25.409 Marrow Angle Camera 180 CLEAR
D CSSIMG/COSIS5/1405308031 /M Eaturn PAN Cassini [S& 2005-140T1H:52:56.947 Marrow Angle Camera 1.80000e+4 L3
[ ) conarmemmerrrissnranoneam | oo nasl o~ e NAAC 44nTI0.CT.o40 Foa " PR s Fnsi
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Rings Node Search System Beta Result Count: [JEEEEIR

view table wiew gallery view cart sawe this view

choose columns l_.lhp-'plgu plgumnfﬂl
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