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geneous, nonscatteringslab that radiates
as a blackbody. The observed thermal
emission as a function of wave number,
Iv, will then be related to the blackbody
emission of the material, Bv(Tring),by
I

=

(1-

e-Tring/COS

0)

Bv(Tring)

where Tring and Tring are the blackbody
temperatureand normalinfraredoptical
depth of the ring material and 0 is the
emission angle measured from the ring
plane normal.
From averages of pairs of spectra in
the ring scan, intensities at 200 and 400
cm-1 were used to derive normalinfrared opticaldepths and ringtemperatures
(Fig. 8, b and c). If the system is optically thick the opticaldepthis poorly determinedbecause of sensitivity to noise, as
is evident for the B ring (Fig. 8b). The
results are summarizedin Table 1. The
results for the C ring are in agreement
with those from Pioneer (15) and are
identicalto those derived from Voyager
1 data by applyingthe above model to
observedvariationsof infraredintensity
with emission angle (3). No similarcalculations were made for the A and B
rings with Voyager 1 data. The normal
opticaldepthsof the A and C ringsand of
the Cassini division are in agreement
with values at similar spatial resolution
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Extreme Ultraviolet Observations from the Voyager 2
Encounter with Saturn

Abstract. Combined analysis of helium (584 angstroms) airglow and the atmospheric occultations of the star 8 Scorpii imply a vertical mixing parameter in
Saturn's upper atmosphere of K (eddy diffusion coefficient) - 8 x 107 square
centimeters per second, an order of magnitude more vigorous than mixing in
Jupiter's upper atmosphere. Atmospheric H2 band absorption of starlight yields a
preliminary temperature of 400 K in the exosphere and a temperature near the
homopause of - 200 K. The energy source for the mid-latitude H2 band emission still
at shorter wavelengths (11, 15, 16). Disremains a puzzle. Certain auroral emissions can be fully explained in terms of
crepanciesmay exist with longer wave- electron impact on H2, and auroral morphology suggests a link between the aurora
and the Saturn kilometric radiation. Absolute optical depths have been determined
length observations (15, 17). The sensitivity of the simplemodel to noise for an for the entire C ring and parts of the A and B rings. A new eccentric ringlet has been
opticallythick system and the neglect of detected in the C ring. The extreme ultraviolet reflectance of the rings is fairly
phase angle corrections and of mutual uniform at 3.5 to 5 percent. Collisions may control the distribution of H in Titan's H
shadowing among ring particles make torus, which has a total vertical extent of - 14 Saturn radii normal to the orbit plane.
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ager 1) to 3.0 kR (Voyager 2) was observed.
In principle it is possible to derive
a value of K from the H Ly(x brightness (5) and remove the T-K ambiguity,
but in practice this procedure leads to
uncertain results because H Lycx can be
excited by mechanisms other than resonance scattering of the solar line, and H
can be supplied by processes other than
dissociation of molecules by solar radiation (6). Elsewhere (7) we combine information obtained from a stellar occultation with the He model to derive a T, K
pair consistent with both sets of data.
The values are K - 8 x 107 cm2 sec-1
and T = 170 K near the homopause. The
large H Lya brightness of the planet can
probably be reconciled with the large
value of K, given the possibility of additional excitation mechanisms and additional sources of H. The equatorial and
mid-latitude H2 band intensity was the
same at both encounters.
Measurements of H2 band emissions
from Saturn's mid-latitudes have emphaSCIENCE,VOL. 215, 29 JANUARY1982

sized a deficiency in our understanding
of the excitation mechanism for these
bands(1, 8) at SaturnandJupiter.Illumination of the atmosphereby sunlight is
observedto be a necessary conditionfor
the productionof the H2bandemissions,
which must be electron-excited.Yet insufficientenergy is availablein the solar
fluxalone, suggestingthe existence of an
additionalsource of energy. Voyager 2
measurementsshow that the H2 band
intensity in the shadow of the rings is
less than 15 percent of its value just
north of the shadow. This fact, and the
sharpedge of the ring shadow, are further evidence against excitation by precipitating magnetospheric particles.
Comparisonof the H2 band intensitites
at the bright and dark limbs places an
upperlimit of 0.3 hour on the (l/e) time
constant for the decay of any nonsolar
excitationprocess.
Occultations of the sun and of the
brightUV star 8 Scorpii (8 Sco) by the
atmosphereof Saturnwere observed by
the ultravioletspectrometer(UVS). By
means of this measurementthe wavelength-dependentabsorptionof light by
the atmosphereis used to infer the composition and structure of the atmosphere. Absorptionnear 1200 A, where
H2 absorption is negligible, shows a
scale heightof 12 + 2 km just above the
homopause, implying a temperatureof
Radial distance
61300

61700

200 + 30 K if CH4is the absorber,consistent with the temperatureof 170 K
mentionedabove. This temperatureapplies near an optical depth of 1, - 1150
km above the 1-bar pressure level. At
higherlevels, the temperatureis higher.
Figure 1 shows a light curve from the
occultationcomparedwith the curve expected from two models, both including
H2 and CH4 absorption and having

T = 200 K at the homopause but with
different exospheric temperatures. For
distantstarssuch as 8 Sco the interstellar
medium completely absorbs all stellar
flux shortwardof 912 A, where H and H2
absorbinto the continuum.Atmospheric
absorptionof the starlightlongward of
912 A is thereforedue to the Lyman and
Wernerbandsof H2. Absorptionin these
bands has been included in the model
curves. The 400 K curve fits the data in
the 1600-kmaltitude range significantly
betterthan the 800 K curve, indicatinga
provisionalexospherictemperaturelower thanreportedearlier(1) fromthe solar
occultation,which was probablybiased
towardlarger scale heights by the finite
size of the sun. Detailed modelingof the
solar occultationsobserved by Voyager
1 and Voyager 2 is expected to resolve
the discrepancy in favor of the lower
value.
Auroral excitation spectrum of H2.

The auroral spectrum in Fig. 2 is of

particularinterest because it shows an
e + H2 spectrum almost uncontaminated by other excitation components. The
model calculation[describedin detail in
(9) and shownin Fig. 2] containsonly the
direct products of the e + H2 process.
The observationis importantfor the followingreasons. (i) It is now clear thatwe
have an accurate model of the e + H2
excitation process. The result is therefore a benchmark for the analysis of
other more complex auroral spectral
structures(8). The consistency with pure
e + H2 excitation includes the intensity
ratio of H Lya to H2 band emission as
measuredin the laboratory.(ii) The laboratory measurements of the relative
cross sections of the H2 band system are
now in good agreementwith theoretical
calculations(9, 10), thus establishingthe
accuracyof the relative instrumentcalibrationin the 850 to 1700A region. The
observationsof other emissions can now
be accurately interpreted in terms of
composition,vibrationalexcitation, and
fluorescenceand reflectionof solar radiation, whereas such interpretations
could not be made before.
The model calculationincludes all of
the measurable EUV transitions in
e + H2 excitation, (B ' u+- X lg+)
discreteandcontinuumtransitions,(E, F
(B"
eg+ -B lZu+), (B' 1lu+ -XlXg+),
u+- X lg+), (C lIu - X 1eg+), (D
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Fig. 1 (left). Transmission(924 to 1100 A) plotted against altitude
measuredduringthe 8 Sco exit occultation. Above 61,400 km the
starlightis attenuated by absorption in the H2 bands. The rapid
increasein absorptionnear 61,300 km (expandedscale) is due to a
hydrocarbon,probablyCH4.The modelcurves show the transmission
expectedfor an atmosphereconsistingof CH4and H2 with a mixing
ratioof 0.08 and a temperatureof 200 K near the homopauseand the
indicatedexospherictemperaturesof 400 K (dashedline) and 800 K
(solid line).
Fig. 2 (right). North polar aurora on Saturn. The
positionof the UVS slit in relationto the auroralzone is shown in the
inset. The light line shows the auroralspectrumfrom the UVS polar
driftsequencenear 0717 SCET on 25 August. The heavy line shows
the model calculation of e + H2 excitation transmittedthrough a
foreground
gas columnof 1020cm-2 of H2 and8 x 1015cm-2 of CH4(9).
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Fig. 3. Auroralbrightness inferredfromthe
1105-A H2 band feature plotted against
the longitude of the
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priorto the mainmap;the Voyager 1 observationwas continuousin time. The tick markedML
shows the equivalentauroralbrightnesscorrespondingto the count rate thatwouldresultif the
slit were filledby H2 band emission of the brightnessof Saturn'smid-latitudes.
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H I (ls - 2p). The H2B and C states are
the firstmembersof the C and TrRydberg
series in H2 (11). The highermembersof
the series to n = 4 have now been found
to makea measurablecontributionto the
emission spectrum (10), in accord with
theoretical oscillator strengths for the
higherseries members(9).
The spectrumin Fig. 2 was obtained
near 80?Nlatitude.Using the location of
the auroralzone determinedfrom Voyager 1 (1) we estimated the slit to be
approximatelyone-thirdfilledwith auroral emission. This implies an apparent
brightnessof 100kR in the H2(C-X) and
(B-X) bandsintegratedalong the line-ofsighttangentto the limb. This intensityis
seven to ten times brighterthan other
observationsin both encounters. Large
intensity variations are expected in
earth-likeauroralevents and this single
Voyager 2 observation does not imply
thatthe meanintensityof the northpolar
aurorahas increased.The e + H2 model
requiresan H2columnabundanceof 1020
cm-2 and a small column abundanceof
CH4, 8 x 105 cm-2, in order to fit the
observationshown in Fig. 2. The result
implies penetration of the exciting
particles to the density level of
[H2]- 2 x 10" cm-3. If the exciting
primaryparticlesare electrons their primary energy must be - 10 keV, the
averageprimaryenergy of earth auroral
electrons. This particularlybright spectrum (Fig. 2) originatesmuch deeper in
the atmospherethan most of the weaker
Saturn auroral spectra. The weaker
spectraappearto originatenear the exobase and require no CH4 absorptionin
the modelingprocess.
550

Auroral morphology. Voyager 2 has

generally confirmedthe picture of Saturn's auroras inferred from Voyager 1
observations (1, 12). During the Voyager
2 north-south map (NSM) sequence the

UVS recorded the boreal aurora at all
longitudes and near 9:00 local time with a

brightnesscomparableto that measured
by Voyager 1. Maps of the north polar
region at higher spatial resolution are
consistentwith confinementof the boreal aurorawithin 12?of the pole, as is the
case in the south. Strong variations in
the brightnessof the boreal aurorawere
recorded during the Voyager 2 NSM
sequence. These variationswere similar
in manyrespectsto those alreadyreported on the basis of Voyager 1 data.
Auroral brightness variations measured during the two preencounter NSM

sequences are comparedin Fig. 3. The
Voyager 1 brightness has been taken

fromSandeland Broadfoot(12) and their
assumptions have been used to infer the
surface brightness measured by Voyager

2. For both encountersthe slit extended
over the auroraloval and mid-latitudes
of the planet. The contributionto the
signal from mid-latitudeH2 band emission has not been subtracted, but the
level is shown. Althoughthe signal near
XSLS = 300? falls close to the mid-latitude level, detailed examinationof the
data show that polarbrighteningis present in all longitudes. Both observations
are consistentwith a zonal brighteningat
50? < XSLS< 180?. In addition, both are
consistent with a planetwide temporal
brighteningof the aurorawhen the longitude of the noon meridianis near 50?to
100?.Analysis of other auroralobservations taken at other local times may

remove this ambiguity. In any case, the
remarkable similarity between the two
observations argues that the structure is
a real feature of Saturn's aurora, and not
simply due to random brightness fluctuations. However, temporal variations are
also present.
Sequence design requirements prevented continuous longitude coverage of
Saturn during the NSM; instead the two
longitude ranges shown shaded in Fig. 3
were observed one Saturn rotation period prior to the main map. Thus there are
five instances where similar longitude
ranges were sampled at an interval of 10
hours 40 minutes. The data have been
taken out of their time sequence and
ordered by XSLS in Fig. 3. The discontinuities in signal level before and after
the "fill-in" block near XSLS= 75? indicate purely temporal fluctuations, since
they represent measurements made at
different times but at the same local time
and nearly the same XSLS. However, the
discontinuity is consistent with a zonal
motion of a brighter region; that is, the
temporal variation may be simply small
zonal excursions of a bright region about
a mean longitude.
This suggests that the brightness variations are related to the Saturn kilometric
radiation (SKR). Kaiser et al. (13) have
shown that the source of the SKR may
lie near 80?N latitude and in the XSLS
range of 0? to 120". The source would
thus lie at the latitude of the aurora. In
this framework, a planetwide temporal
brightening of the aurora could result
from a general increase in particle precipitation triggered by passage of a particular meridian through local noon. Perhaps a more likely possibility is a zonal
asymmetry in auroral brightness due to
increased precipitation in a region of
anomalous magnetic field. An interaction between this field anomaly and a
feature of the dayside magnetosphere
could then trigger the SKR (13). In either
case, it seems likely that the brightness
variations in the aurora and the SKR are
closely linked, as originally suggested by
Sandel and Broadfoot (12). The brightening recorded near XSLS= 70? is well
within the SKR source region as well,
and hence is consistent with the picture
presented here.
Ring occultation. A double occultation of the star 8 Sco (HD143275, B0.5
IV, V = 2.32) by the rings of Saturn was
observed by the UVS. The first occultation preceded the entrance of 8 Sco into
Saturn's dayside atmosphere and covered the portion of the C ring between
1.43 and 1.29 Rs. The second covered
the exit of 8 Sco from the top of the
atmosphere through the F ring, all within
SCIENCE,VOL. 215

the shadow of the planet. The apparent
radial velocity of the star through the
ringswas - 10km sec-1, givinga resolution of about 3 km. The line of sight to 8
Sco interceptedthe ringplane at an angle
of 28.71?,so thatobservedopticaldepths
are multipliedby the sine of this angle to
obtain normal optical depths (Tn). The

fact that there is no stellar signal
shortwardof 912 A allows us to accuratelyestimateour darkcount level. This
togetherwith a strong signal (900 counts
per 0.32-second spectrum)makes possible a wide dynamicrangein the determinationof absolute optical depths.
Spectraaveragedover portions of the
A, B, and C rings as well as the Cassini
divisionexhibitedonly neutral(spectrally flat)absorptionbetween 912 and 1700
A. Because of the short absorptionpath
length, this result imposes little significant constrainton the density of molecular species. However, it does indicate
the probablelack of a significantpopulation of wavelength(0.1 pm) sized particles.
The C ring consists of a large number
of easily recognizableringletsof varying
width and optical depth embedded in a
generallyunbrokenring of lower optical
depth. The underlyingoptical depth of
the C ring ranges from very low

ringlet as it appears in both the ingress
and egress occultations. The C ring terminates in a 50-km-wide ringlet (Tn -

1- to 3-kmrangehaving significanttransmittance.The outermostportionof the A
ring has a normal optical depth of

0.4) followed by a sharp transition to

Tn ~ 0.6. This region abruptly termi-

large optical depth (Tn- 1) within 6 km.

This transitionto the B ring is located at
a radiusof 92,066 km.
The detailed analysis of the UVS exit
occultationdatabeyond the innerpartof
the B ringis not yet complete; however,
severalfacts are apparent.In contrastto
the C ring, the B ring can be characterized as havingextensive regions of large
optical depth interspersed with narrow
regions of low optical depth or gaps. In
about 40 percent of the B ring, between

0.60

These results, whichhave been averaged
over 50 km, show a great deal of structurebecause of the embeddedringletsof
higheroptical depth.
A comparisonof the two occultations
I.e 30 over the same portion of the C ring
shows that the C ring is remarkably
1.2 0 symmetricalwith respect to the center of
Saturn.Thisportionof the C ring(1.43 to S o.(00 1.29Rs) contains six prominentringlets. o o.(
Five of these features show an almost a
identicalappearanceon both sides of the Z .
30 planet. Radii (15) of these five features
0 agreeto within7 km as determinedfrom 0
the preliminaryspacecrafttrajectory.In
30
Fig. 5 we show the normalopticaldepths
0.00
observed for three of these features on
both the occultations. The innermostof
77800
these ringlets,located at 77,865km, consists of a pair of very narrowringlets of
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3 to 6 km. On the dayside these ringlets
have a total width of - 30 km, whereas
on the nightsidethey are 19 km in total
width and displaced32 km closer to the
planet. Figure 5 shows the eccentric

indicating a ringlet with Tn > 1 and less

than 3 to 6 km in width. This ringlet is
located at a radiusof 136,786km.
Ring albedo. The UVS observed an
extremely low level (<<1 R per angstrom)of reflectedsunlightfrom the ring
particles. This spectrum of the rings is
nearlyidenticalwith a direct UVS spectrum of the sun as viewed through the
occultationport. We have used the absolute solar spectrum of Donnelly and
1.72 and 1.89 Rs, no stellar signal was
Pope (16) to estimatethe absolutealbedo
observed, indicatingan average normal of the rings at several wavelengths. In
opticaldepthgreaterthan 3.5. A prelimi- doing this we have assumed that the
nary look at the data in this region re- portion of the rings which fills our field
veals no evidence of holes or gaps in the (principallythe B ring) is optically thick

Fig. 4. Normaloptical
depths in the C ring
determined by the
UVS duringthe 8 Sco
exit of the rings. The
Pioneer11(15)results
(solid circles) have
been plotted on the
same scale for com(Tn < 0.05) for its inner portions to
parison. Peak values
of optical depth in
Tn - 0.15 in its outer portions. The optical depths we have measured between many of the narrow
ringlets are diminringlets are comparableto those found ished
by the 50-km
by Esposito et al. (14) from the Pioneer
averagingused here.
11results. In Fig. 4 we show preliminary Ringlets labeled Cl,
normal optical depths plotted against C2, C3, and C4 are
shown at higherresoplanetocentricringradiusfor the C ring. lutionin Fig.
5.

large optical depth (Tn> 1) separated by

nates in a few highly absorbed spectra
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Fig. 5. A bilateralcomparisonof optical depths for two regions in the C ring observed by the
UVS duringentryand exit ringoccultations.On the left, the section of the C ringcontainingan
eccentric ringlet (Cl). During exit this ringlet was both narrower and 32 km closer to the planet

than duringentrance. The appearanceof largeroptical depths for the entranceis caused by
absorptionin the atmosphereof Saturn. On the right, the portion of the C ring containing
ringletsC2, C3, and C4is shown (see Fig. 4). The resolutionis 3.3 km for the exit and3.6 for the
entrance.
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and that the rings act as a Lambert
surface in reflecting far-ultraviolet photons. These assumptions yield absolute
albedos of 3.5 percent at 900 A and 5
percent at 1304 and 1410 A. These represent lower limits because of the assumption of optically thick rings. Laboratory
measurements between 1200 and 1375 A
show that the reflectance spectrum of
water ice is relatively flat (17) with an
absolute albedo of - 5 percent to within a
factor of 2. We are aware of no published
measurements of the reflectance of water ice below 1200 A. However, our
comparison with the direct Voyager solar spectrum indicates a relatively flat
reflectance spectrum between 1100 and
600 A. One puzzling aspect of this observation was our failure to observe a similar albedo spectrum during the Voyager
1 encounter. Our viewing geometries
were similar; however, the elevation of
the sun with respect to the ring plane was
3.6? at the time of Voyager 1 whereas it
was 8? for Voyager 2. This may indicate
a strong dependence on solar elevation
angle.
The presence of solar albedo from the
sunlit side of the rings effectively limits
the detectability of any emission from
the vicinity of the rings which might be
associated with the electrical discharges
noted by the planetary radio astronomy
experiment (18). We have used several
hours of postencounter integration time
obtained on the underside of the B ring,
in the shadow of the planet, to search for
such emission. Except for the case of the
O I 1304 A line our upper limits for
neutral and ionized O are now a factor of
2 lower than those reported from Voyag552

er 1 (1). For H I Lyman 3 our uppe r limit
is 0.7 R.
Titan. The Voyager 2 observati ons of
Titan were limited by distance frc)m the
planet and were compromised t)y the
presence of a star in the field during the
first long drift observation. The data
were therefore of lower qualityi than
those of the Voyager 1 Titan ob)servations. However, the Voyager 1 Titan
observations in the EUV first relported
(1) have been analyzed in some detail
(19, 20). The upper atmosphere iis predominantly N2 with an 8 percen t CH4
mixing ratio at a radial distance o>f3700
km and 1 to 2 percent C2H2 at 34(30 km.
The exobase is at 3840 km where IN2] =
2.7 x 108 cm-3, and T= 186 K .The
sunlit face of the planet emits EU) V radiation mostly from electron-excit ed N2
(19). Upper limits have been plac:ed on
Ne I, Ar I, CO, H2, and H I mixing ratios
of 0.01, 0.06, 0.05, 0.06, and 0.1 respectively, at 3900 km, on the basis of the
Voyager 1 EUV emission observrations
(19). The production of electron-e:xcited
emission appears to occur signifiicantly
only on the dayside face; detesctable
darkside emission is limited to II Lya
scattered radiation. The inferredI electron energy dissipation rate was
- 2 x 1010W. This rather high cleposition rate is difficult to explain in te rms of
energy available in magnetospheri c electrons or in photoelectrons.
An important consideration for particle precipitation on Titan is the p(osition
of the solar wind bow shock. Neear the
time of Voyager 1 encounter, Titcan was
always inside Saturn's magnetosiphere,
whereas during the Voyager 2 enc ounter

it was in the magnetosheath for substantial periods of time (21). In particular,
Titan was in this position during the
UVS observations at the minimum encounter distance [0630 SCET (spacecraft
event time) 25 August]. The observed
surface brightness in N2 C4'-X Rydberg
band emission is very nearly the same as
that observed by the Voyager 1 instrument. However, the Voyager 2 observation was on the downstream side of the
sunlit hemisphere and this region would
be expected to be less bright on the basis
of Voyager 1 observations of the surface
brightness distribution. This is consistent with earlier Voyager 2 observations
at 1618 and 2045 SCET 25 August which
show a factor of 2 greater brightness.
During the period 24 and 25 August there
is no evidence for strong intensity variation in the N2 emissions, although the
level of brightness is twice as high as the
Voyager 1 encounter. There is no particular evidence relating the emission characteristics to the position of the bow
shock relative to Titan's orbit either in
intensity or spectral content.
The hydrogen torus. A cloud of neutral
hydrogen atoms surrounding Saturn between 8 and 25 Rs was detected by the
Voyager 1 UVS (1). This cloud is made
up of H atoms that are formed in the
atmosphere of Titan and escape from the
satellite but are bound by the gravitational attraction of Saturn (22). Although the
extent of the H torus in the equatorial
plane was well determined, the extent
perpendicular to this plane could not be
well determined from the Voyager 1
data; consequently, the Voyager 2 observing sequence shown in Fig. 6 was
designed. The variation of H Lycx intensity shown by the data points may be
compared with the model calculations,
which treat the vertical extent of the
torus as the variable parameter. A halfthickness of 7 or 8 Rs matches the data
quite well, in good agreement with the
earlier upper limit of 6 Rs (1). The peak
torus brightness of - 170 R is higher than
the 100 R reported earlier, but this may
be an effect of the convolution of the
observing geometry with the H distribution above and below the oribtal plane,
an effect not included in the model. A
model path length of 44 Rs, a g value (23)
of 2.4 x 10-3 sec-' at 1 AU, and the
assumption of an optically thin scattering
medium imply an H density of - 20
cm-3
If the H atoms of the torus follow
ballistic trajectories, the vertical extent
of the torus implies that H atoms retain
velocities of up to 1.9 km sec-' after
escaping Titan's gravity. For an exospheric temperature of 186 K (20), about
SCIENCE,VOL. 215

14percentof the thermalH will have the
necessary velocity of 2.9 km sec-1, and
chemicalreactionscan produceadditional energetic H atoms (19). Hydrogen
atomsleavingTitanwith a velocity of 1.9
km sec- directedbackwardand forward
along Titan's orbit would enter orbits
takingthem as close as 5.6 Rs and as far
as 180 Rs from Saturn. The observed
confinementof the H between 8 and 25
Rs can probablybe explainedby the fact
that the lifetime of neutral hydrogen
against ionization is - 108 sec between
10 and 21 Rs but falls rapidly by a factor of 100 inside and outside this region
(21).
This lifetime is a factor of 10 longer
than earlierestimates (1). If we use the
new lifetime, and include the new estimatesof the H density and the size of the
torus reported here, the H supply rate
from Titanis reducedby a factor of 2 to
1 x 1027atoms per second. Titan model
atmosphere calculations (24, 25) yield
escape ratesof this magnitudefor both H
and H2, althoughAllen et al. (26) have
obtainedTitanloss rates for H and H2an
order of magnitudehigher. The long H
lifetime means that collisions may be
importantin the torus. For a density of
20 cm3, the mean time between collisions is - 108seconds, about the same
as the H lifetime. It is possible that the
H2 density in the torus exceeds the H
density(1), so that collisions would dominate the H distributionand treatmentof
individualparticle orbits would not be
useful. The appropriateformulationfor a
collision-dominated cloud (24) shows
that its characteristicscale (to the l/e
density level) would be 8 Rs for a cloud
temperatureof 260 K.
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Radio Science with Voyager 2 at Saturn: Atmosphere and
Ionosphere and the Masses of Mimas, Tethys, and Iapetus
Abstract. Voyager 2 radio occultation measurements of Saturn's atmosphere
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atmosphere and ionosphere of Saturn
and the masses of Mimas, Tethys, and
Iapetus (1, 2), plus a discussion of the
mean densities of the satellites. The emphasis on various topics in this report
reflects only the current state of our
work. Other importantquestions, such
as the structureof the lower ionosphere
and the figure of Saturn, must await
complete reduction of the data and the
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