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VOYAGER 1 AT SATURN

Riddles
of the
Rings

Still 13 million kilometens away
Voyagen 1takes a pontnait, of
Saturn and two of its moons, one
casting its shadow on the cloud
tops below the nings. Shonly
Voyagen would find the bizanne
neality—puzzles in the rings and
enigmas on the moons. With
worlds yet to neveal, the
unmanned Voyagen spacecraft
have proved themselves
instruments of wonder on the
frontier that foneven necedes.

By RICK GORE

NATIONAL GEOGRAPHIC SENIOR WRITER

Photographs by NASA
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SATURN | ,
SATURN RADIUS = 1.0 2
(60,300 km)

SATURN, largely
hydrogen and helium
with a rocky Earth-
size core, is the second
largest but least
dense planet.

gatumn’s
nings

from 12,700

OVEMBER 10, 1980. The Voyager
1 spacecraft is a billion miles and
more than three years from home.
Deep in the outer solar system, it is
rapidly approaching Saturn. In this super-
cold, alien domain, where perpetual ring
glow has banished night, Voyager is photo-
graphing a pale yellow giant, a turbulent
ball of primordial gas that more resembles a
star than the inner planets we know.

In two days Voya . o
. ger will fly w
50,000 kilometers Y within

4

D RING, confirmed
by Voyager I, extends

kilometers above
Saturn perhaps to the
planet’s atmosphere.
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CASSINI DIVISION ENCKE DIV,
C RING, composed B RING shows

of dozens of ringlets
yet relatively
transparent, has

at least one eccentric
(noncircular) ringlet.

particles affected:
electromagneticor
electrostatic fores

and scientists are hoping that clouds will not
totally hide its surface. Some even speculate
that life could have evolved on Titan.
Voyager has been paying most attention,
l}oweyer, to the celebrated rings. When G-
lileo flrst saw the rings, he thought God was
playing a trick on him. Today scientist
could well be thinking the same thing. _
Hundreds of unexpected ringlets withi’
the rings are emerging before Voyager's elec
tronic eyes. The Cassini Division, a su¥
posedly clear zone between the outer A i
?}rlld the middle B ring, s alive with at leas
ac;f)e do}fen ringlets. Curious spokes radia
darkSSt # B r'ing. The close-in C ring looks
- and different.
th VARSI watching two small mo”
at seem to L . ract
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1ps smal| FZASSIN] DIVISION A RING has at i
ct is seen from Earth atirs F RING, bounded b
'ti.:?d by oty zuterlboqndary shepherd moons, hays Sn?ldr\[lg narrov‘é E. RING is a broad,
P it contains several newly discovered an eccentric shape is a use, probably  diffuse band of small
forces, R moon. and irregular pattern; by g‘f:;;:::g)forl-f particles that may be
1 fade away, of ringlets. two of its strands of undiscoverr:'] = Zi‘::’g’i:;a;erialr :
appear intertwined. shepherd moons. S
not Voyager has also spotted three “shepherd “We were afraid Voyager’s S
late moons. ”Two of these moons orbit along the  counter was going to be a bcfsrtb” Oiturn !
Inner apd outer edges of the F ring (pages 8-  scientist confides. Gt
on, 9), which wreathes the three bright main But Saturn is not a bust. The JPL press-
B rings like a ribbon. Using odd gravitational room teems with reporters—far more m;n
vas trlcks, these moons herd back in bounds came for the Jupiter encounter. This space
ists particles trylng to escape the F ring. mission has clearly excited the public. Why?
These F ring moons, along with a thirdlit- For one thing, the flawless performance of
i tle moon just 800 kilometers outside the this little-spacecraft-that-could is a national
bright A ring, seem to be shepherdingtheen-  pride. Space exploration is something the
ee tire main ring system. These unimpressive  United States is very good at.
1Ds chunks of ice apparently hold in place count- Then again, the pictures coming across
ing less trillions of ring particles, spanning the monitgrs speak d_iret‘tl.\' to the imagina-
ast 63,000 kilometers. tion. Not fiery, chaotic, and psychedelic like
ate those of Jupiter, they look cool, ethereal,
ks N AURA OF ASTONISHMENT per- and from a distance orde‘rly enough to have
vades the Jet Propulsion Laboratory bec;} dmwn. with a celestial compass. ’
o in Pasadena, California. Twenty “Saturn is astronomy to many P?Optl_‘;'t
e months earlier this same Voyager had ?’()tes Reta Beebe‘, dll Illllbb_lon ebcilte’g ihe-:
.Lce discovered so many marvels at Jupiter—a Through ?.Venl 9 blTlath te‘le{bcgp :
h complex, storm-tossed atmosphere, a thin ~ most beautiful t 111;18 1(1118 e'bthy‘the R
e ring, volcanism on one moon, and evidence nght’now, 4 ra;Cor?tlilnu,ed on page 10)
ler of ancient Earth-like crustal movements on  Voyagers _ ; : :
e i Saturn encounter had *The author described what Voyager saw in Jupi-
r ; another—thatb 1ts .ei_ T ter's dazzling realm in the January 1980 GEOGRAPHIC.
‘0 threatened to be anticlimactic.
g



The nings: spoked,
tilbed, and eccentpig

GARO USEL OF TRILLIONS of particles
. $ Voy({ c\,- 1101}71( ja-t'um as 1t‘s ring
structu're cindg puszl(;un ztlto be full of
one seen as a light ;tr':chSLlc il s

; 5 (left) across the
bright B ring. Spokes may be very fi 5
ticles lifted out of the ri e aln

) ing plane by electro-
static forces.
o SEnfaerou i st
close together Bet\;leg 2 narrow rmgl{ets
: >/ en them is q faint
ringlet that begins as white in th
right-hand corner. Wh gl
: . en followed coun-
terclockwise, the ringlet turns dark, per-
haps. because it is somewhat tilted out of
the ring plane.

Th'e density of rings can be roughly de-
termined by the play of light upon them. In
this composite view (right, middle) the
upper, or sunlit, halfwas taken as Voyager
I approached. Regions thick with material
reflect light and thus appear bright. Re-
gions void of material appear dark. The
lower, or shaded, halfofthe imagewas tak-
en from beneath the rings. Regions that are
bright both above and below indicate par-
ticles that reflect light, but also, because
of low density, allow some light to pass
through. Regions bright from above but
dark below indicate density so great that
no light can pass through. Regions dark
both above and below are void of particles.

A composite image of two separate sec-
tions of the C ring (right, top) shows one
ringlet whose track doesn’t match up, thus
establishing it as an eccentric (out-of-
round) ringlet that varies in width. It may
be subject to perturbation by small, em-
bedded moonlets.

The complex structure and features of
the rings have turned out to be anything
but obvious. As mission scientist Jeffrey
Cuzzi (right) points out: “Understanding
the structure is going to take a lot more
work. It’s not something that just clicks

into place.”

JAMES A. SUGAR



Shephend moong

|I«‘ PACKED gno
about q fourth
ice could make

newly
discovered shepherd moons
(above) that confine the diffuse
and Wisted p

‘ing, many of
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of its three
twine

,qh that
yet their gravity is po WL-a’;np a
aStronauts could high ju Bot!
hundred meters on them"ts as
moons have eccentric Ortilinvnef'
do the ring particles. Th.terunt
shepherd, rear, travels fast .o the
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angles ang intensities Of graE[eC’
tional pyqq keep Cha”gmg: pld)
tromagnetic forces may also o
@role. In August 1981, Vo_\'ﬂi;k ’
Will tage 4 Mmore detailed [0¢
try to Unravel the mystery.
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of Saturn, sometimes in
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Theoretically eac
hould behave like a
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fade away.

makes up the spokes s !

N | mini-satellite. Those closer to Saturn should
'J?,\'ECH be moving much faster than those fql .thu
ional Geaog out. The spokes should tear apart. Yet they
cutive vicl| seem to stay perfectly aligned.

il | “How do they form in the first place?”
":R“T“SR”’; ! asks the frustrated Smith. “How dg all those
;;asl ,:nglc particles know to turn Flark and line them-
f Justice ¢ selves up over 25,000 kilometers?”

)RGE M. |

rican Rec

BERT M, OV.E'MBER 11, 1980. Voyager is two
;}:agr:c8§< mll}lon kﬂome.ter.s from Saturn and
YL P H, 4 Tit'tomght ﬂ.l.es within 4,000 kilometers
it [ Titan. More ring close-ups have come in.
ME H. | Life grows no simpler for Brad Smith.

“The mystery of the rings keeps getting
» deeper aqd deeper, until we think it’s a bot-
i tO{nless pit,"hesays ata press briefing. “The
t%ungI least expected to see was an ecc'entr'
ring—and we have found two.” 1C

He flashes on a picture of one ringlet dra-

matically fatter o ;
the other (p o 7)1.1 oneside of Saturn than on

T
things too are happening out at the

thinFring, th ;
little moon .eone beingshepherded by two

ol rial into odd- focus
' scientists ar(: 21 aped regiongy T}?ng Mate-
o The F ring i o5 thinking o, el
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than 4- e (l,)lljltl l(?fntzz solarh nebula, ifi}:srn Way!
" collapsed suddenly, they t‘)tuch
b I.)i(lly that §0me of its Baseg Ry

; are ]Cﬂ in a flat disk around its ahd
dust W , Saturn kept this dj Cqug,
tor, Hot, youn& = oko 15k m
warmer than CROTHIYR ik (~300°F) tech
peratures in the rings today. H_eaVier
lials such as rr}d&ls ’and Sl_hcates et
d into Saturn’s fgrm1ng Moong bt
swirled inward to 'form its deeply buﬁm
Earth-size core; which may be moltey, &

As the planet shrank further, it cooleq
did the ring region. The water vapq, t,hs
was left there froze, says a lgading theOriSt
Jim Pollack, and the Fesultln_g ice Crysty)
gradually accreted 1nto ring pamdg
thought to be no more than ameterin diam;
ter. At some point a phenomenal blag
solar wind blew away any gas that haq
yet condensed. The ring particles woy
thus be the pieces of a large ice moon thy
could never pull itself together.

There has long been a competing viey
however. Perhaps all those particles did no‘t
form where they are today. Perhaps they
resulted from some catastrophe. The ring
could actually be the end product of a moon
suggests mission geologist Gene Shoel
maker. They could be a satellite smashe
to pieces by another icy body. Or perhaps
such a body, a traveling, homeless moon
W&;I torn apart by Saturn’s gravity.

e ersO}v;; fiivefettl}f mllngs formed, most astronc-
evertita heyl ave been Fhoreographed
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thought to be responsiple for w
structure the rings had shown. But now the
monitors at JPL are showing more struc-
ture, not only in the rings byt al‘q(‘) in
the Cassini Division, than ah_v 5\'1111)1'1(;11\r of
resonances could explain. i :

THE NAME Peter Goldreich keeps pop-

hat little

ping up. Goldreich is not on the Voy-

gacel team: He teaches at the nearBy
Cahfo'rma Institute of Technology. But of
the minds that probe the dynamics of the
solar system, his is among the very best.

Nearly two years ago in his Caltech office
he noted: “The rings of Saturn are not going
to be that easy.” The subject then was Ura-
nus. Atleastnine very narrow, very peculiar
rings had recently been discovered around
that planet, the next one out from Saturn.
One of these rings is only three kilometers
wide. The outermost is eccentric; its width
varies from 20 to 100 kilometers.

Goldreich and Scott Tremaine had pro-
posed that it was not resonances but rather
many little moons, too small to be viewed
from Earth, that created Uranus’s rings.

“Two satellites orbiting close together can
confine small particles in between them into
a thin ring,” he had explained. “Gravity
causes each satellite to repel the particles in
its vicinity.”

Gravity repel? The explanation is a riddle
lover’s delight.

The laws of orbital mechanics dictate that
satellites in higher orbits go more slowly
than those below because they neeq less ve-
locity to overcome the pull of gravity frgm
the planet. So if you have two moons-w1th
lots of ring particles between them, the inner
moon will move faster than the particles,
and the outer moon will move more §lowly.

Consider the inner moon first. As it nears
the slower ring particles, its gravity does in-
deed tug at them, pulling the particles closer
to it and slowing them down. But as the
moon passes, its gravity @hen star_ts to pull
the particles along after it, speeding themd
up. Because the particles have 'be,erl pulle
closer to the moon, the satellite’s gravity
has a stronger effect on them after the moon

passes than before. So they are acceler-

ated more than they were slowed down. The

ring particles get a net energy gain from
e oon, Dhat energys boosties
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* b § NATIONAL GEOGRAPHIC ART DIVISION
Gravity’s crack-the-whip sends each
Voyager on its appointed course. If all goes
well, Voyager 2 will use the boost of Sat-
urn’s gravity to put it on a trajectory for
encounters with Uranus and, finally, Nep-
tune, arriving at its last planetary rendez-
vous 12 years and 4 days after launch.

SUSAN SANFORD, NATIONAL GEOGRAPHIC ART DIVISION

At the outer limits of the solar system-—
the heliopause, where the solar wind can .
no longer expand against the pressure\gﬁ
interstellar gases—Voyagers 1 .(yellow\f
and 2 (red) will make some of thetr last ri« s
ports—at least to Earth. &

11
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Ring particlcs '
pear the moon, it spee
them closer. As they pass, it b
back, slowing them down. The p:

r to the moon when they S 2
a net energy loss

close

decelerated. So they have g

to the moon. Losing energy, they Ia. 1n
hes them 1n.

The moon pus .
themselves gain

ith the parti-
s could

a lower orbit.
Even though the moons

and lose energy interacting W
cles, resonances with other moon

lock them in their orbits. e
Many considered such grav1tatlonal

gamesmanship unc incing. “It’s a terri-

onvl
ble thing to have to

make a model when you
need nine or so little satellites that can’t be

seen.” Goldreich had conceded, “but I have

no doubt that it’s correct.”

Suddenly Goldreich seems like a prophet.
Saturn’s shepherding moons act just like
the moonlets of Uranus in his model. Could
Sgturn.‘s rings have countless perturbing,
distorting, invisible moons shepherding its

ringlets as well?

Q'\’EMBER 12, 1980. The rings con-

tinue to confound. “We thought we
el IEaSNseen all there was to see,” Brad
et ef s the press. “But in this strange
of Saturn’s rings, the bizarre has

hecome commonplace: When we look, =
this is what we saw » ~ &

F ring today, i :
th(i)\/'hat Smith shows 15 & A ol the
ring split into three strands—two of g

appear intertwined. They resemble 5 lelln
double helix. Someone jokes that VOYagA
Er

has discovered life at Saturn. Smith &
that there are also kinks 1n the stran s 4

«Braiding defies the laws of orbitg)
chanics for several reasons,” he sayg, o
hese rings are doing the .

obviously t ! :
thing. I guess W€ st don’t understanq th
¢

laws very well.”
Attention is about to be drawn away frog

the rings. Overnight the closest imageg
Titan have come in. Faces are long. Clougi
totally veil the surface. The Titan story will
not be told in pictures. But today begins
dizzying series of closest encounters Witl?
Saturn’s other named moons.

Mimas, Enceladus, Tethys, Digp,
Rhea. Not to mention Hyperion, IapetuS)
and Phoebe. “Too many moons,” grumble;
moon specialist Larry Soderblom. Until thi
Week'mos.t of Saturn’s named moons were
mer'ely points of light through a telescope
Pro ject scientists cannot even agree on '
nunciation. Some say M '
kg y Mee-mas, some say

y-mas. Some make Encelad '
e : adus (En-SELL-

X }f sougd like a Mexican dish

ese bodies are ;
Earth wn 1much smaller than
r's large moons, or their




A dangenous neef
in the nings

HE 15-GENERATION GAP: For cen-
turies after Franco-Italian astronomer
Jean Dominique Cassini discovered what
seemed to be a gap in Saturn’s rings and
sketched it (above), the Cassini Division
was thought to be a clear zone. Adetail ofa

COURTESY U. S. NAVAL OBSERVATORY

Voyager image taken from beneath the
rings (below) proved quite otherwise.
One trajectory considered—and reject-
ed—for an earlier spacecraft to Saturn,
the less complex Pioneer 11, would have
taken it through the Cassini Division.
Pioneer would have likely discovered
that the division is no gap—and discov-
ered it in the most unplanned, unpleasant,

and final way. o

CASSINI DIVISION
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b1 brother satellite Titan, yet larger than most
asteroids and the tiny moons around Mars,
Jupiter, or Saturn.

They should be made from roughly the
same material—dust and ices—as comets.
They should be too small to have much of
the radioactive rocky material that in larger
bodies heats up the interior and generates
geologic processes such as volcanism These

watery moons should haye frozen fast soon
after forming. The

. ; 0 Suspect th
thing but big dirty snowbhalls, €y are any-

vOya_lger Will not come close enough to

| x ; n .
V,) the opposite direction fromOWn to trave] in

moons. It is most likely debrsaturn’s other

i Saturn’s gravity as jt passed b1; Captureq by

Iapetus is perplexin
: % 18
f{ « It shows two faces, One an .from Earth,

: si :
brighter than the other. No Onee Z five timeg

e
Ex e

| 14

Navigation. 29 .pre“c/:se i ql[ U
defies imagmat;lontw SVrequlre tt
+ and keep tfhe TWO Voyqge, 00’
pu se. Years of concentrateq woh
Cour; ir.1to boilingdown 10,00 OS’_k
;;Vlintrajectories. for the Squecr(fflt\,
Mission objectives }.lag - SOrteq
and given prion ol example
how close 1O approach SSGe /
enormous moorm, Titan (closer thyy
New York City 1s to London g

rned out).
Y hree days after Voyager g clog,
est app]’O(lCh to Satum: ChQr

Kohlhase (left, atleft) and Rqy Heg
cock go over data for Voyager o5 o
counter——still 283 da)./s away, ye ol
immediate and p'ressw'lg concern,
As a navigation aid, Compute.
generated images C.hart the regigy
where Voyager 2 will pass betweey
tilted Uranus (right) and its mg,
Miranda. Eventually, the craft yy
reach Neptune and dive over i
north pole just 7,500 Rilometers off

the surface.

why, and Voyager 1 will not see it well

But Voyager 1 has begun seeing some
startling features on the inner moons.

Mimas, the innermost, looks the most like
the bland snowballs everyone expected, ex
cept for an enormous Impact crater (page
16-17). Its walls are five kilometers deep, it
diameter a third that of the moon. It i
among the largest craters, relative to thesiz
of the body hit, ever seen. Mimas came Very
close to being blown apart.

Li}«:e the other moons, Mimas is so colt
thatice on its surface is g rigid as rock. ‘It®
gotabout all the craters you can make,” sa)®

N mas, you“ll erase old gnes, k.
dened” the S heutted upfas) 1gast
Several kil R gengof oty 85
S bealirtr;fte'rs' So walking on Mim
Core ¢like walking on a large sn°
tha Viith Many ice chunk e larg?

an g houSe 2 unks, som ple
» Sticking up from the rub

Farther 0
great brancgitnanic:1 Much larger is Tethy*:
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cratered, 1,050-kilometer-diameter moon to
the other (page 26). The valley looks too
grand to be an impact fracture. It appears to
have been created from within. Perhaps the
stress of Tethys’s freezing and expanding in-
terior cracked the surface of the moon. Per-
haps internal geologic churning caused the
trench. Yet Tethys has a density close to
pure waterice. How could a body with so lit-
tle rock have been geologically active?
Tethys is extremely bright, yet not as
bright as its astounding neighbor Encela-
dus. Enceladus reflects nearly 100 percent of
the light striking it. Our moon, by contrast,
reflects 11 percent. :
Enceladus also seems to be strikingly
smooth. Voyager observes no craters. Could
some geologic process on Enceladus (pages
30-31) still be actively erasing or swallowing
its craters? Enceladus could well be geologi-
cally alive.
S{range white wispy markings streak the
next two moons out, Dione and Rhea, sug-
gesting that something once blew out of their

interiors.

Saturn: Riddles of the Rings

JAMES A. SUGAR (LEFT); COURTESY CHARLES KOHLHASE AND JAMES BLINN, NASA

Impact craters, formed very early in the
solar system’s history, blanket much of
Rhea’s surface, as they do that of Mimas.
Yet some areas show less cratering. They
apparently have been resurfaced.

Dione is in places as heavily cratered as
Rhea, but it has a lot of younger terrain. As
Larry Soderblom puts it, “Sometime, prob-
ably in its first half billion years, Dione’s in-
sides gushed out across its surface.”

Mystery still shrouds the cloud-covered
Titan. Titan will soon demonstrate, how-
ever, that Voyager can do more than take
stunning pictures.

Hanel, leader of the NASA infrare.d
spectroscopy and radiometry team, 18
ebullient. '
“The rings may belong to the picture peo-
ple, but Titan belongs to us!” he says.
Hanel’s heat-analyzing instrument and
data from the radio-science team have re-
vealed that Titan’s atmosphere is largely
nitrogen, like Earth’s. Not the widely

NOVEMBER 13, 1980. Scientist Rudy

11




Mimas: a satellite
neanly shattened

“IS IT THE ENGINE?” someone asked
when this view (above) of Mimas was
first shown. The “engine,” a crater 130 ki-
lometers across, remains from a collision,
probably with another moon, that nearly
blew Mimas apart perhaps four billion
years ago. Grooves on the satellite’s oppo-
site side may have been caused by the tre-
mendous stresses of impact on a body
whose gravity ts only five thousandths that
of Earth.

The impact created steep crater walls,
but a natural process called isostatic
rebound formed a central peak (painting,
left) that rises six kilometers from the
crater floor. The effect would not be greater
if Delaware were rolled into a ball and
Mount Everest dropped on it.

PAINTING (LEFT) BY WILLIAM H. BOND
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Titan showed a blan}, face as Voyager 1

spheric pressure, 1.6 ti F); atmo.-
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8as constituent, ni th’s; main

: ) et ) O,
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Y('rcggcs. But to biologistsiitjg S-gnlgl.g
1 r:] rogen cyanlde 1S a Criticg] huiq-lf"
i ore complex m‘)leCulesof In,

Titan:
wnapy

bloc rature at cloud tops je ¢ e XPLOI
The temperatil me scientists * fag b, layerec
1d for life. But sO 1 Spe Uly, ermostla
colc Titan's thick clouds cou t:.rap e Qu;}' ]
that Tite below to make life imagjp, & based) ¢
heat down not that many atmosphe L and dire
IDlafeio £ Titan has one becg re;?; Iy the plan
the solar system- A Use it concentr
s ough to hold o S gases Brav: erhaps
massive en 7 eratur ay; p 1%
ionally. Also, its temp €Saregy, ool winter.
tatl‘? as molecules do not have the €Nergy, Below
tha ge its grasp, as happened on the I thick la
eseab i hen they formed : compou
f Jupiter when they Iormed,
moons O )2 h and ch
«“AtTitan we may havea SHADS Ot\&frg. thatisa
zen record of the composition of Fgy, yet larg
early atmosphere,” says Hanel. Thet
Earth and Titan are different today py ::11;[ }fa’:
marily because Titan’s low temperaty, g
keeps water frozen. On mu‘ch warmer gy, solid, li
there were oceans Whgrg life eyolved_ The (below
oxygen released by living things utterly F lzz"lll
changed our planet’s character. lg’:cafp ]
Titan might have known warmer days P
well. Gaseous ammonia in its early atm where
sphere may have trapped enough heat i ble to f

permit liquid ammonia or even water tor
across the moon’s surface. Life could haw
begun and then frozen out.
“Presumably the fossils of chemical ev:
lution are sitting out there waiting to
found,” says mission astronomer Tob!

Owen. “You just need a long enough drill®
get through the ice ”

HILE TITAN has stolen this day*
show, the ring people are also ev
cited. Voyager has flown past Saf‘
Arnand is now taking pictures looking badl\"
€ mysterious dark spokes have sudden‘)'
turned bright. That means the spoke parr i
fles must be Scattering sunlight for#®
rﬁ::;irctl oyager’s outbound eyes tntl)a
 ronely than they had reflected! o

t
“?rvﬁZrtd the SPacecraft as it appro& m
Stall pg:operty 1S characteristic @ "4

. tiCle e2) . o 'ec
entist Bq Stonse’. explains chief pro]
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ookmg back atthe F ring, 1t too appe



Jitan: a gas-
wrapped moon

XPLODED VIEW shows Titan’

Iu“\'(’rvd ufmnsp’lt’n' (righ()_ Out
ermost layer shown isa bluish trans
lucent haze of organic (carbon
based) compounds. Within the haze
and directly above the north pole of
the planet-size moon is a hood ({[
concentrated compounds, I”'(’S(‘llhl
perhaps only during the 7Y,-year
winter. g

Below a relatively clear zone lies a
thick layer of smog, again organic
compounds, but of larger particles
and characteristically red. Under
that is a layer of methane clouds and
yet larger organic particles.

The topography of Titan’s surface
can only be guessed at. But since
methane likely plays the same role
as does water on Earth—it can be
solid, liquid, or gaseous—this scene
(below) is a reasonable conjecture.
Fine methane sleet falls out of a per-
petually cloudy sky. Jagged methane
escarpments rise from a methane
lake under a weak, obscured sun

where full daylight may be compara-
ble to full moonlight on Earth.

PAINTING BY LLOYD K. TDWNSEND’ o




must have many particles
¢ wavelengths of light.

Such small particles can easily become
electrically charged by influences otaher than
gravity. Electrostatic forces, for instance,
could lift them out of the B ring. Then the
force lines of Saturn’s huge, rotating mag-
netic field could keep the spoke particles
aligned for a while before they shear apart.

A faint ring has emerged within the C
ring, and is extending nearly to Saturn’s
atmosphere.

This is the long-suspected D ring. It may
consist pf particles leaking from other rings
and spiraling toward Saturn. It could be
scattered chunks too large to be pulled in. Tt
c0l(1:lld be both. Or neither.

ose-ups of one of the co-orbitin
have come in. Tt looks like 4 tooth. 1%}:203513
shape leads scientists to speculate th
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- pact blast-
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the somewhat smqyq,.
voyage! ! fgj/{ol?l/e’ing moon (below, fa(:-run‘l
more ragts nore regular compa'niOn ft)
railed Clolored stripes i ‘railing 0?
righqtﬁc cossive filter images of the g ringfl
are

orbs this energy, he gets boosted intg,
higher orbit and slows down. ]

“The outer runner meanwhile has lost eg.
ergy, and he falls into a lower orbit. He noy
goes faster and eventually laps the othe
runner, and the orbit exchange starts 4

over again.”
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tracted so much attention that Satum
itself seems almost forgotten.
Compared to Jupiter, Saturn looks unex-
citing. The two planets are supposed to be
very similar—giant gas balls of hydrogen
and helium with hot interiors that provide
much of the heat that drives their winds and
weather. (See the special supplement dis
tributed with this issue for a Voyager 1 vieW
of Saturn and for a chart of our solar system.)
thi\i\l’{h}}lf then does Saturn appear so bland?A
And th:tz ﬁ may enwrap the ringed plane
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i maspsauuns Sravitational Minuet ¢
shown in the diagram below, | The f“.( tis
(vellow) moon travels faster ()"\'U‘l(l ""‘”?‘l”.k'
slightly nearer (to Satum) orbit sl
pl.um‘lu‘.\'lh(‘ It‘mfillg moon. 2 and ap

; : ’ As the
close, gravitational force energizes th ”:”"”S
K . . R O WS ¢ trail-
ing moon, throwing it into fiu'lhvrmvz,l.t "(l.lll
) While

lulitud}‘. other jets appear, each going alter-

n&ll}‘l.\' In opposite directions. Saturn’s equa-

torial jet stream, however, is three times
broader. Its winds are blowing more than
three times stronger—a thousand miles an
hour. Reverse jet streams appear only at far
higher latitudes.

Why the difference? Isit because Saturn is
tilted and so, like Earth, has seasons? Could
the shading of the rings play a role?

Being farther out, Saturn gets only a

fourth the solar energy that Jupiter receives.
At Jupiter the solar heat striking the atmo-
sphere is equal to the internal heat coming
up. At more distant Saturn internal heating
dominates. The upwelling of this heat may
generate the much stronger surface winds.
In any event, both planets are a theorist’s
delight.

“We have this paradox of bodies that are
somewhat like stars inside, but have l*.?ur‘th—
like weather on the outside,” says mission
meteorologist Garry Hunt.

OVEMBER 17, 1980. Voyager lison
its way to a rendezvous a decade from
now with the outer edges of the solar

system, where the solar wind’s inﬂucn.ce‘
ends. “We've had a great ride,” says \‘h‘lt:“
scientist Ed Stone. “It's been so smnoll‘*' l.l :
hard to appreciate how much \"‘"Il‘l “(”nl
intoit. Building the spacecraft wasthe ort
of thousands; flying it was the Wor® ;{
hundreds.” Planning where Voyager woulc

adiiva ma idlec S0 A RINGYS

dmgging the leadin
3 Now in the
travels faster. 4 The
away, and the
After about fo
(Im\'mg become the
up and the pattern re

& mooninto nearer orbit.
tearer orbit, the leading moon
leading moon pulls
een them widens.
the leading moon

trailing moon) catches
peats,

gap betw
i years,

PAINTING BY WILLIAM H. BOND

fly took years of studying just where each
moon and planet would be when. Ten thou-
sand different trajectories were considered
during the research period.

“We are in the rush of discovery,” con-
cludes Stone. “Next comes the understand-
ing, which may take years.”

ECEMBER 12, 1980. A month has
passed. Titan becomes easier to un-
derstand. Mission radio scientist Von

Eshleman announces in San Francisco that
his team’s experiment now shows Titan's
atmosphere to be 4.6 times denser than
Earth’s, and its surface to be 93° Kelvin, or
minus 292°F. Too cold for life. But cold
enough for methane to liquefy. Titanis right
on the edge of having large amounts—
oceans, perhaps—of liquid methane.

“Titan may be the only other place in the
solar system that has liquid on its surface,”
says Toby Owen. He believes there are at
least lakes of methane.

Methane in Titan's nitrogen atmosphere
might well rain or snow out. So will fine par-
ticles of other l\_\’dmcurbops———what we call
smog. “If the surface is solid, there CO}ﬂd be
four and a half billion years' worth of Smog
snow, maybe a kilometer deep, covering the
' " says Jim Pollack. .
lm')f_:{li‘u\\- degrees could make a very blg'dli-
ference on Titan,” suggests Eshleman. The
ht differ from pole to equator.

surface mig : )
ould melt in summer and then

One region ¢
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with evidence of internal activity, now
or in the past, with densities changing
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Rhea’s insides were stirred, probably very
early in its history, for as seen in color
at low resolution (below), white wisps
indicate that water spewed out from the
interior. A closer view of another region
(right) shows intense cratering.

Some craters on Saturnian moons may
be the products of other craters. When a
high-speed body strikes a small moon,
some debris goes into orbit and eventually
impacts at low speed on the same moon.

A yin and yang of a moon, la
petus has one hemisphere five
times brighter than the other
as seen in both enhanced fuls:l'
color (left) and in direct imag
ing (below), The cause is m;r
known, but Voyager 2 will
come in for a much closer look.,
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The most reflective body
in the solar system.
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DIS 294,700 km; DEN 1.0
Almost totally water ice
with great cracks perhaps
due to freezing expansion.
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Not yet confirmed.
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structure of the A rine ic .

in the A ring, he \1\”5 ]:;:‘l :I](('l‘l Many gapsg

satellite resonances, By llu-r(l-l'l “

highly l“cgu];u- patterns tha i::(()vltll.l\'.o()lllvl.

groovesin arecord. Thege could 'l:‘l ].k(‘ i

waves 11)(111(‘0(_1 by resonance PeERaLyIDS
The B ring turns (‘lm()li(:. Some rj

are close togc}hma some far zqmr: ”ll;m(“

whcrc_) m.ost f’i the suspected 1n<)()n‘l-ct ] lnh- b

The B ring is dense and opacque It: Lfl k.

large pieces churn and grind ag.uilﬁtmfrm~¥

othcr: generating clouds of fine riﬁg (llu_tt%h

This dust is what gets lifted up out ¢ } th
ring to l?ecome the spokes. ]imv War) ¢ le
leader of Voyager’s planetary radio a:‘:”c {’
omy team, believes that sunlight chaion_
these minute particles. He also thinks tﬁei
they then coat the larger ring particles lWaerl-
wick suspects that a thickly coated ana thus
highly charged moonlet travels through one
region of the B ring. As it does, electricity
leaps between the moonlet and countless
smaller particles.

The result is a continuous static chorus of
what sounds like lightning and might look
like it too if the rings had an atmosphere to
flash through.

The border between the B and C rings,
says Cuzzi, is perplexing. There is no gap.
But the C ring clearly contains much less
material than the B ring. Its particles are
probably much smaller. It is more transpar-

aused by

ent, has a different color, and shows orderly

structure.

“Maybe the C ring is populated by fresher
material,” says Cuzzi. “Maybe A and B
were the original rings and C was created
more recently. Maybe micrometeorites
sputter molecules off chunks in the B r?ng,
and they land in the C ring and accrete into

new particles.”

.

As for the F ring, Rich Terrile says, s

still braided. We couldn’t make those piC-
bers think

shepherd-
lses’ along
Both those

so a pulse

from one of them could be 16 times stron%\t;cr)

tures go away. Most team mem
the gravitational forces from the
ing satellites send ‘traveling pu
those strands as they speed by.
satellites’ orbits are eccentric,
on one side of the ring than on the other.
wonder it is kinked, clumped, sp
up in knots. .
“We’re going to be workin
along time,” says Terrile.

lit, and tied

gon this ring for

l‘;f,))il,([}./\l{y 11, 1981, The first
SClence report is complete, and Brad

()I-im-%;:nl‘t:;(‘l:s.lfmkilng at Saturn through a
Mmlm.,i”; .s(o]‘).(‘ n}‘t,h(: Santa Catalina
(‘()n]'im‘,', ,(l)u'twl(: Fucson. He hopes to
o “r”i:;/“x;;;ll(t:;lr;:z(‘l'u- madelast year of a 16th
]-“,,1]01,.11()‘.&]'. the lens appears the frosty
; ed sphere that has sparked rapture in
Cvery observer since Galileo, Tt is hard nf;t to
ga:%]), hard to believe there is r(:aliy sorﬁe—
thing up there that looks like that,
TI‘IIS‘iS the way I've always seen Saturn.”
says Smith. “I’ve spent quite a bit of my li:fe

Riding herd on Saturn _wi
telescope, Voyager imaging-tec
Bradford A. Smith tries to conft

tem, he says, till¢
detailed understanding.

KERBY SMITH

th a 61-inch
team leader
rm a 16th

satellite. When it comes to the Saturn sys-
“We’re stillalong way froma
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Shining Enceladus

MIRR()R OF THE SOLAR SYSTEM
Enceladus (right) reflects nearly ali
the light that reaches it It may be that the
satelliteis continually being recoated from
its znt'grior (illustrated above). One h
pothcsw is that tidql forces-result'y-
jrom Sa{um’s and Dione’s gravity~hmg
(111'5 mt;rmr. This keeps the o
rop of water with a thin ice o

fracture to emit iccaclrljl/le::c:?: :C;Hfl;l‘hatcan
cape to feed the very fqint E) rinulLh el
t Otl;cr tdeas are that me >
lure the crust with the «

chemical volcanisrilluibrilvn(:le ?ffect, g i
might be responsible, Vo avlmg methane
haps have some ans y- s Bl
even more questiong,

Moon. dvgramg

teorites punc-
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squinting through eyepieces, wondering
what it is really like. Now the romanticist in
me is sad.

“Im probably the only one who feels this
way, but Voyager has taken the mystique
away. The wondering is over. I now know
what it looks like. Now it's become clinical.”

The scientist in Smith, however, is just
going to work. “At Jupiter we saw puzzling
things, but by this time we felt we were in
the mop-up stage of understanding them. I
don’t believe we've made any real progress
on the structure of the rings.” .

Smith is wary of the idea that invisible
moonlets create most of the ringlets in the
B ring. “Why wouldn’t they be in the A an.d
C rings as well?” He thinks Voyager'Z Wlll
reveal far more structure still when it flies

PAINTING BY LLOYD K. TOWNSEND

much closer to the rings late this August.
With luck, Voyager 2 will take close-ups of
the braiding in the F ring. Its cameras have
been reprogrammed to try to observe the
spokes as they form and dissipate. The sur-
face of Enceladus will be seen in much great-
er detail. Yet Smith is concerned.

“T worry,” he says, “that in August we'll
find out that the sequence of images we've
designed for Voyager 2 may not be the best,
that we should have done it differently, and
that we'll have lost a chance that may not
come again in our lifetimes.” He goes on,
almost until dawn.

«We're dealing with such complex phe-
nomena—with things that are just very dif-
ferent. It takes time,” he says. “Saturn is
becoming an obsession.” O
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