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M ssion to the Outer Planets'

“In the dimly lit outer reaches of our Solar System are

the giant planets Jupiter and Saturn—almost unimag-

‘ lnably large and far’ away .Beyond Jupiter and Saturn

[ - are the even more remote planets Uranus Neptune
and Pluto.

nautics and Spadé Administration has become a famil-
-iar achievement in the last-decade, the planets that_
have begn measured and photographed by NASA'S.
" Mariner and Viking spacecraft have been the * nearby
planets Mars, Venus, and Mercury'(though “nearby” in_
this sense may niean llhons of kllameters from
Earth). . v mes" | _
) Explormg the giant outer planets, however. poses
prablems with a whole new:set of dimensions. For this
reason, a dlfferent type of spacecraﬁ named Voyager

two unmanned Voyager sgace.;:raft scheduled to l;)e
launched injAugust and September of 1977 and to
arrive at Jupiter-in 1979. As they fly by Jupiter, their
_instruments_ look closely at the planet -and its many.
satellites. The spacecraft i
these bodies affect the solar wind—the blizzard of
- protons and electrons streaming outward from the Sun.
They also lnveshgate how charged pamcles uch as

d of Jupiter

Ect r:)n eat:h Dther _

‘been chosen so that the gravity and orbital motion of
the giant planet act as a slingshot to‘send both
is scheduled for November 1980 and August 1981,
The first spacecraft to reach Saturngs expected to
repeat the types of experiments and measurements it
made as it flew by Jupiter and also to investigate the
y impagrtant sptellite Titan and the spectacular ring sys-

tem of Safurn. If these measurements have been
, successful, the second spacecraft to arrive might be

Although space exploraﬁon by the National Aero--

ystruments find® out- how

The trajectories of the spacecraft past Jupiter have -

spacecraft to the ringed planet Saturn. Arrival at Saturn .
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sent to the planet Uranus, the next planet beyond
Saturn. Recent discoveries have revealed that Uranus
is also a ringed planet, like Saturn, which had previ->

ously bé@‘thought to be the only planet ilf our Solar

. System to have a system of: Tings. Thus, Vayager has
- the potential of exploring three of the giant planets of

the outer Solar System and prowdlng a close Iobk Df

,thélr larger satellnes f;.

B
. pheres of the satellites, thi nature of Saturr

The Voyager Praject

mformatlon about the ~atmospheres and the oviron-
ments of the pjanets, the surface features and tmos-
rfngs, the
magnetic fields and sthe flow of charged pam les in the
planeég systems, and.the effects .of the planets and - *
satellites and nngs on these particles and fields. =~ "+

‘,

The Voyager pro;ect is rnanaged by the NASA ..Iet

Dratory i responsible fc:r bunldmg the twg Spacecraﬁ
- and for conducting tracklng communications, and mis-
sion operations. NASA'#. Lewis Rgsearch Center,
Cleveland, Ohio, has responsibility for the launch
vehicles. .

There are eleven s‘t:ience teams with a totai ‘of 85

sclentlfn: mvestlgauon The leaders of the tearns are
shown in Table 1.

The Spacecraﬁ ‘-

Voyager is the most far- reaching space mission to
be flown by NASA, since it includes a possible flight to
Uranus, which is 2.87 billion kilometers from the Sun—
19 times the distance from the Sun to the Earth.

The spacecraft (Figure 1), because they have to
travel so far from the Sun, differ sgmewhat from the.
earlier Mariners from which they ‘were developed.
Panels carrying solar cells to convert sunhght to electri-

., City, needed for the instruments and the electronics of

00

eaflier Mariner spacecraft, are,/missing from the new

i



Figure 1. * Arijst's c;’meeg of the Vayager-spaegéraiﬂ showing its large pr,ea:lsl{ém antenng and Instrument booms and antennas. -
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. Network on the ground, Voyager
* " -to Earth at a rate of 115, ODD blts per semnd from
.Juplter and 44,000 blts per seccmd from Satum (-By

Sclence Team Leader

Ergdi‘jrd Smith; U"“’EFS'“’ Qf ~ send mformatmn aver yc:ur telephone at a rate of 100

- Arizona, Tucson, Arizona ;- l:ut _per second.) The' large, high-gain- antenna of.

aﬁuflc{li'_Hainel, Gagdard Space hger is_pointed toward Earth by use of electronic
F!ight,Eemer, ME"V'E"'@ eyes on the spacecraft."There is also a low-gain

antenna, mounted in front of the high-gain-antenna, so -

that there can begome radio contact even if for some

—'A Lyle Bradfaat Kitt' Peak

National Dbservatﬂrv- ¢ reasen the largddgghiterma cannot be pointed‘dire;t!y to-
" Arizona o B Earth. 7= ’

) Charles _Lillie, University of

: 4 The s acecraft c:an transmit to Earth at two radio
- ‘Colorado, Colorado . P "

. rarare - frequencnés During cfuisg between the planets the
Herbert BridgeMassachusetts ~ - lower frequency—knowrds S- band—is used to send
lostitute of Techpology, =  data to Earth at a relatlvely low rate, This is adéquaté
Massachusetts - - for crulse science and releases the big. 64-m (210-ft) -
SM. Krimigis, dohrtg Hopkins -diameter antennas of the’ Deep. Space Netwofk for ’,
Applied Physms Labgratmy -other tasks. Information can be received on the smal--

—~ : Maryland . ler,, 26-m (85-ft) diameter gr%md antennas. .For en-
« - Cosmic Rays : " R.E. Vggt |.f.3§m,3 Institute . - cgunters ‘with the planets, when very largeﬁmﬁums of :
: . S of Techr h:gy California. ‘data must be transmltted qgutickly, a higher frequency ..

oo (}i band) is used. +

- Norman Ness Goddard Space
. Flight Center, Maryland * The X<Band transm‘?&ers power DUtput is 21 or12
: James ngw.ck Unwersf of “watts. The S-band transmitter's poyer output is 28, 20, |
: S or 10 watts. Both transmitters are duplicated, in case a :

transmitter should fail during the long missien.”

.- Magnetgmeter
- Planetal:.! Radio - . -
. Astrgnomy

_Plésma Waves -
THe new spat:ecraft is, like the'earlier Marmérs built <

Radio Sflence ~ 1

A Von, R. Eshleman Stanford around a group of compartments that house the glec:

v s \\ . : leve” ty, Cahfarma tronics. On top is the big antenna. In the center. of the
L2 T r - . - compartments-is a large spherical tank containing .
spacecfaft. At Juplter sunlight is Dnly 1/25th as bright rocket propellant. Unlike earlier spacecraﬂ the new

t.the Earth. At Uranus, it is a mere 1/:350th as . Voyager does not use a single main rocket engine fo
S@ns Sunhght So mstead- of solar cells, correct its trajegtory through space; instead, it uses ifs .
hydrazine rocket propellant in 16 small thrusters for

; electﬂ generatars whlc;:hf provnée eleatncny thraugh | aneuvers and attitude’ control. The spacecraft can be
the. cor versmn of- hsgt from thé radloactlve decay of _ { positioned by referencedo the: Suniarpd the star Cano- -
* plutoniym. pus, or by its own intefnal syséem of-gyroscopes (called- ~

an inertial reference unit) ysing the thrusters. For some

- corrections to its path through space, Vipyager must

fire thesg, small rocket thrusters for as long as one
hour. : :

-To add thé final velocity reqdired at Iauﬁéﬁ'to escape
Earth and attain a trajectory 1o take it to Juplter each
spacecraft. has a sohd rocket system weighing about -
1210 kg (2668 b capable of a thrust of 71,200 * .»
newtons (16,00D 1b). The rocket Syétém is dropped

The |generators are carried on a spar like boarn.
exterid d from the spacecraft to prevent their radiation
from affecting the science instruments. They-develop g
_ total of about 400 watts at the time' the spacecraft™
reache Saturn. Radio communication with Earth con-_-
sumes| 100 watts of this available power. Science
‘instrurrlents corisurrfe 108 watts, and the remainder is
available-for the other needé of the 'spacecraft.

The ntenna of the new spacecraff differs from that

_of the darlier Mariner spacecraft. To return information
" with a |given amount of transmlner power over the -
immende distances to the outer plariets, a mugh 1arger
anténna has to be carried than for exploring planets

from the- spacec aﬂ !,af’ter it has been fired. .

The mission cdule which is the planetary Space—
cralt, weighs about 810 kg (1786 Ib), of which about ..
105 kg- (231 1b) cgns:stg of science instruments.

such ag-Mars, Venus, and Mercury. Voyager's dish-
shaped] antenna is 3.7 m (12 ft) in diameter. It is >
. construgted very accuratgly to -beam the ‘high”
- frequengy radio waves without scattering them too
- much. : . ,
. Coupled with an improved spacecraft transmitter
and thellarge receiving antennas of the Deep Space

Much’ of the- ggctronics of the spacecratt is duph— _
cated This du catlon wnH alk:zw the spacecraft tcﬁ <

hlgh energy, charged part,lcle radn,atnon when close to
the giant planets or in case of equipment failure during
the long flight time required to explore the outer Solar .
System.’ v , ‘
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. Figure 2. Drawing of the Voyager spacecraft to identify the major components and the science instruments.

L
N -
s

" _'The_spacecraft_has.-been. designed_so_that .the _ ___ The'cameras and spectrometers. ate:mounted ona__

-, scientific measurements will not be affected greatly by
the magnetic field of the spacecraft itself. :

k!_agégei' é;ience .

;Qrigiﬁa‘,ﬂy the mission was concerned primarily with
" the two giant planéts Jupiter and Saturn. However,

increasing interest in the safellites of these, planets led

* _to-their being .included in the mission’s® abjectives..

" There are,indeed, five planet-sized satellites that will -

be inspected closely during the flight. They are all

larget tHan Earth's Moon, and one of them, Titan, has

-: an atmosphere whose-density is comparable to that of
the Earth's atmosphere.

: The¥scien¢:ejnstrumems are quite varied. Cameras
photograph the planets and satellites to a detail never
possible before. Other instruments investigate the un-
sual environments of these large pianetary systems,
hich ‘are like miniature solar systems. Many of the
sd{ence instruments are identified in Figure 2. '

ERIC
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movable platform at the énd of a science boom (see
"Figyre 2) sp that the instruments can look around the .. -
large high-gain antenna. ’ s -
' N : . . , :
A narrow-angle camera system of 1500 mm (59 in.)
focal length acts like a telephoto iens to show small
areas of the planets and satellites-in very great detail. A
completely pew' wide-angle camera system was de-
" signed for the mission. I has a 200-mm (7.87-in.) focal
lengti telescope which covers a greater area bt in
less detail. Both camera systems have eight filters,

some of which can be used to produce cqlor pictureg of

_ the planets and their satellites. =~

_One spectrometer looks at the planets in ultraviolet |
light. There are also an infrared spectrometer, a radi-
ometer, and a photo®olarimeter. On the same baom,
but not on the movable platiorm, there are science

_instruments for measuring planetary and interplanetary

particles of various energies. _ -

:
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- .at variouys depths
"'mation. about the

fields of the planets,

" The Experiments , R
" The infraréd-s;:)ectrérﬁgte_rl‘fﬁeasurés temperaiures b
In the atmospheres and gives infor-
.gases-in the 'atmasphere% of the

boom, extending 13 mi'(42:65 ft) from ff
- cdrries devices to ‘measure the mags

"Two long antennas -project from the- spac

'a waves in the extremely rarefieg

‘way , en gases i the
Hace between the planets. S N

ey

planets’and their satellites. =~ - .» -

' “The ultraviolet
~tion about the'

-aerosols’ in

spectrometer also provides, informa-

hydrogen and helium. S : .
The -photopolarimeter provides information about
planetary atmospheres and about the

 characteristics of the satellite surfaces.

“tary space and in the vicinity of the planets and

on the types of charged

To provide information 7
of flow—both in-interplane-

particles and their direction

‘ satellites—séveral types of detectors are used. For

example, high-energy particles expected in interplane- .
tary space are detected by a cosmic ray telescope.

» -'These_ Measurements of s:hargég particles and mag-
netic fields can help our understanding of the basic
physics that permits electrons to be accelerated to figh

~velocities by Jupiter. Information about the composition

of the radiation belts of Jupiter and of Saturn may allow
scientists to deduce how these belts are structured.
Also, from the magnetic moments of the planets, the
internal structure of the planets may be inferred.

e‘tic!.:

%ecraft fo
waves emitted from the planets dhd- .- . S-eRdl e size
. .their atmosgpheres, the

gases in the atmospheres. of the planets. -
-and satellites. It is particularly useful in searching for

=
=

tions" alsc make- use‘of the. spacecraft's radio trane
-Missions to Earth to observe the effects as the space
- craft passes behind the planéts; the satellités, and thy
rings ‘of Saturn: These .observa lonsprovide inférma
tion about the size of the planets and- the satellites
compodition. of the rings, an(
making {ip the rings. Also; the
to measure the gravity and the

“the sizes of particles
' radio signals.are used

' -mass of each plariet-and satellite and to determiine,ver,

" motions.' -

o !'/The huge satellite. of Saturn, Tiia?,

~ to form-a doughnut {torus) around

Planet has a magnetosphere.

-accurately: their position in:

7pace and theirgorbita
At Sat;[rn. the spacecraft should confirm the pres-

ence of a magnetic field and| determine whether the

, Some recentiexperi-
ments with an Earth satellite| suggested that Saturn
_does possess a magnetic field, but-itis difficult to be
sure from Earth-based observations. Voyager-can look
for.evidence of the solar wind hitting a magnetosphere
(known-as a bow shock) and the way in which any such
‘magnetosphere is affected by the rings and the satel-
litesiof Saturn. The experiments c%n;alsc find -ouit if
Saturnis magnetic field is tilted relative to the spin axis
of the planet, as areJupiter's and Earth's fields relative
to their axes of rotation. _ oL -
Thepresence of Saturn's rings is expected to’ have
-major effects upon: trapped chargei particles it the
planet does_have’ radiation -belts, especially if the
magnetic field is tilted'to the spin axjs of the planet. _
- ~ - - 'y . = - B =
is a fascinating
world. Revolving around Saturn at a/mean distance of
1,222,600 km (760,000 mi); Titan'is.larger than Mercu-
ry.-and it has a substantial, atmosphere, Gases lost
Irom Titan's atmosphere into space/might be expected
' Saturn, which could
bg detected by the’ spacecraft's ‘instruments. If this-
tDFuLlSﬂﬁSldErSaﬁJmsqcﬁagﬂefasahere—aﬂﬁ—m—thez

i
/

The satellites of Jupiter, and prabébly those of
Saturr also, offer obstacles to' charged particles that
rotate with the planet, as the inner planets of the Solar

- System offer obstacles to the solar wind. The way. in,

* The 10-m (32.8-f)

which the satellites affect. the charged particles sur-
rounding the planets is investigated guring the mission.
Close approaches of the spacecraft to lo, Ganymedey
and Callisto allow the instruments to search for wakes
in the “ocean” of charged particles like. those behind
ships at sea, and. for interactions of the particles with
Jugiter's magnetosphere—that space around the plan-
et where its magnetic field predominates. These sgi-
ence measurements can throw light on how quickly the
satellites sweep. up c:hac?ged particles from the mag-
netosphere of Jupiter and how quickly the wakes of the
satellites are smoothed by charged particles moving
inward toward Jupiter from outer regions of the planet's
magnetosphere. . ' :

long whip antennas of the plané- *

~tary-radio-astronomy experiment are used fo détect

radio waves from the planets. Radio science investiga-

4

solar wind, it may give rise to a detectable bow shock.
“This would provide a unique observation of the inter- . -
action of the solar wind with a'gas cloud. _
Even if Uranus and Neptune have substantial mag-
netic fields, it is unlikely that these can be detected .
from Earth. But Voyager should easily. detect them; for
_even itthe magnetit fields are extremely weak they-are
expected-.to give. rise to very: extensive magneto-.
-spheres at these planets.
The other major group of experiments beyond parti-

cles and- fields- is concerned with the use of the

- instruments on'the camera platform. The atmospheres -

L

of all four planets and many of their satellites "are
investigated by these instruments which. together with
radio -science, -can considerably .increase our under-
standing of the gaseous outer planets.
Planetary_atmospheres are imgértant because they
tell the story of the way in which the planets might have
formed and how they evolved. Knowledge of the
present states and compositions of planetary atmo- -
spheres is vital to an understanding of how the.Scla};«,{

Vs
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_launched needs. more energy and

System originated and becamme what it iis today.. Any -
theory about the formation and evolution of the Solar -
Systern must account for the ditferent atmospheres of

. the planets. S R ' :

" Scientists need to know such things as the tempera- afrives at Jupiter before the first spacecraft, namely on' i/
ture, pressure, density, and gaseous, and particulate March 5, 1979. o o T

" compositions of the atmosphére. It'}haé beén found that - . The first spacecraft to arrive at Jupiter .is :ealled -
heat Jrom- inside Jupiter plays a majof role in the Voyager 1, and it is targeted to fly by Jupiter in sucha -
circulation of that planet's atmosphere. The same may way that it can proceed ta. Saturn and make a close
be-true of Saturn and-the more distant ‘planits. Voy- encounter with Titan. The trajectory for Voyagér 1is
ager's experiments are expected {o téll us what is -  called JST (Jupiter, Saturn, Titan). If this first space- . |
really taking place in the atmospherds of the outer - -.~craft is suecessful in itg Titan encounter, the second .
planets. In addition, the misslon fooks ‘at the atmo-~ .. Spacecgaft to arrive at Jupiter, Voyager 2, istargeted to "
spheres of satellites, which may provide important - fly by *aturn in a way that lets it continue on to the. . .
clues about how these bodies evolved. - planet Uranus and perhaps even ‘10 Neptune. The.

takes longer to
- /reach Jupiter. It arrives there -on July 9, 1979. The
, second - pacecraft; which ‘is launched later in the-
. launch period, follows -a more opportune. path and *

Observations made for several weeks while ap-

proaching each of the planets provide motion pictures
of the swiftly rotating ‘atmospheres and their clouds.
This is especially important for Saturdh, Uranus, and
Neptune, since even coarse details of cloud patterns

~ are impossible to see from Earth with the best of

*

k=]

telescopes. v

 Water ice has been detected in the rings of Saturn by
radar observations from -Earth, but it is -pelieved that
other substances are also present; perhaps silicates
and ammonia ices. These can all be checked by
Voyager's instruments during the Saturn encounters.
Also, by looking -at how sunlight is scattered by the
tings.- scientists. hope to determine the sizes of parti-

cles in the rings. Radio waves passing from the .

spacecraft to Earth through the rings can help to
determine the size of particles. Whether or not the
rings are surrofipded by an invisible atmosphere of gas
can be chec@

Uranus, it will be able to obtain information about the
recently discovered rings of4hat planet.

-—-Eay=encounter pictures of 12 satellites using the tele-

photo camera system are expected to reveal details on

their surfaces only 5 to 15 km (3 to 9 mi) across. The -
- spacecraft gpproaches-close enough to three of the

satellites to reveal details as small as 1000 m (3280 ft).
" The cameras look for geological details of the
surfaces: craters, plains, scarps. mountains, and polar
caps. The wide-angle pictures may reveal global distri-
“bution of geological areas and perhaps show why there
" are variations of color and albedo on the satellites.
Sjzes and shapes can be measured to between 0.1
‘and 1*percent. -

Mission Profile

The trajectories used for the Voyager mission take
advantage of the outer-planet alignment in the year
1977, which is most favorable for launching a space-
craft via Jupiter to Saturn with a relatively short flight
time between the two giant planets. Each spacecraftis
to be launched by a Titan/Centaur rocket from Ken-
nedy Space Center. Florida, during a 30-day period
beginning August 20, 1977. The first spacecrait to be

-planes.’ : -

If one of the spacecraft is sent 10 -

trajectory for Voyager 2 is called JSX- (Jupiter, Saturn, -

with option). .~ . .-

- * A spacecraft'‘cannot pe.targeted to fly close to Titan .
in its encounter with Saturn and also fly to Uranus,. -

because the orbits of Titan and Uranus dre in different

~'Arrival at Saturniis scheduléd for November 12,1980,
thr Voyager 1, and August 27, 1981, for Voyager 2. fthe .

flight continues to. Uranus, Voyager 2 arrives there on
January 30, 1986. It may also be possible to reach
Neptune about 1990. Thus Voyager 2 may be the

nation’s longest space mission: 12 years flying through-

interplanetary space to cover a distance of 36 astro- -

‘nomical units (4.5 billion km or 2.8 billion mi). °

On'the approach to Jupiter, the cameras start photo- .

graphing the planet about 80 days in advance of the

closest approach, i.e., inDecember 1978. The space-
craft also look for hydrogen clouds surrounding: the
planet and in the orbits of the satellites. Thé pictures
show more detail than any obtained by Earth-based
photographs, and at 10 days before closest approach
they are better than the best obtained by the Pioneer
spacecraft in 1973 and 1974. About 8 days before
closest approach the entire planet is surveyed by the

wide-angle camera, while the narrow-angle {telephoto)

;amefa!cgﬁcentrates on detailed pictures of specific
features of the turbulent atmosphere of Jupiter.

At Jupiter, Voyager 1 flies by within.4.9 Jupiter radii

(about 350,000 km or 217,500 mi) from the center.of the
planet at 12:49 GMT on March 5, 1979 (see Figure 3)._
The spacecraft passes within 415,000 km (258,000 mi)
of Amalthea, Jupiter's small innermost satellite, and
within 22,000 km (13,670 mi) of lo, the innermost of the
big Galilean sateliites.” The spacecraft flies almost
along lo's orbit below the satellite for about 5 hours,
thereby providing good views of the south polar re-
gions. Shortly afterward the spacecraft’ is-occulted by =
the bulk of Jupiter from the Earth and from the Sun. After.
ererging from behind the planet, Vloyager 1 then

‘passes within 733,000 km (455,500 mi) of Europa,

. discovered them in the early 1600s.

*The four largest satellites of Jupiter (hi Europa, Eaﬁymsdé. and

Callisto) are called Galilean satellites in honor of Galileo, who- -
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makes a clﬂse pass by Ganymed& at 115,000 km
(71 500 mi), and by Callisto at about the sam%dlstance

% Afterwards, the spacecraﬂ continues- to ohserve

} iJupltér for about ancther month until just before the
i next spacecraft to arrive, Vayagerg stagts its observa-
.‘tlcms of the planet.

' The encounter of Voyager 2 is somewhat different, in

-that the spacecraft must fly by further away- from

- Jupiter to preserve the option to fly-to Uranus. Voyager

2 starts photographing Jupiter in April 1979, about 80

-days ahead of the closest approach. This is at #0

Jupiter radii (714,000 km or 443,700 rnl) at 11:00 p,m.
July 9, 1979 (see Figure 4). Voy passes Calljsto
at a distance of 220,000 km (136,700 mi), then makes

a very, close*approach of 55,000 km (34,200 mi). to

Ga rnede followed by a passage within 200,000 km

- (124,300 mi) of Europa. Through' the use of the two

spacecraft, Ganymede and Cailisto are seen before.

and after closest approach so that both hemispheres of
the satellites are observed and photdgraghed. Amal-

" thea is gassed at a distance of 550,000 km (342,000

mi), but since this sateliite is so close to Jupiteras to be

‘extremely difficult to ebserve from Earth, the- *Voyager
" pictures areririportant even though the approaches are
nm very close. On its way out fronTits closest approach :

to' Jupiter, Voyager 2 passes through the DCCUltEtIDﬂ
zones for both Earth and Sun. ~ -+« .

At Saturn, Voyageﬂ first makes a close approach of
7000 km (4350 mi), to- Titan, Sixteen hours later it
- makes its closest a

1 :00 a.m. GMT og November 13, 1980, Voyagers1¥is

roach to Saturn (see Figure 5). At
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Flgure‘;? Dlagram lmklng down on the north pole of Juplter
showing the path QFVnyager 1 (JST lFE]EGlEFy) past the planel
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Flgure 4 The path of Vﬁysger 2 (JSX i'ra]eg;mry) during lts.

encounter with -.Iuplter .

- ¢,
" 3.3 Saturn radii (197,300 km or 122,600 mi) from the -

center of the planet.and has a spectacular view of the
south polar regions andYe open ring system. Then the
spacecraft passes within\96,000 km (60,000 mi) .of -
"Mimas, 130 000 km (148,000 mi). of Enceladus,
140,000 {87,000, mi) ot Dione, and 60,000 km
(37,300 mi) of Rhea. Thi is the first time these *
satellites are seen as worlds rather than fuzzy points of
light. The spacetraft passes behind the rmgsﬁ as
viewed from Earth and through their shadow nd also
passes behind the plafiet and through its shaéa w (see
Figure 6).Moyager 2, \{ihe-Uranus option is chosep,
first encounters Titan, but at a distance of 353,000 km
(219,000 mi) below the spacecrafi. Ant approach to
within 254,000 km (158,000 mi) of Rhea is followed by
one of 159,000 km (98,800 mi) of Tethys. As the
spacecraft swings round the planet (see Figure 7) it -
passes within 94,000 km (58,400 miy of Enceladus,
33,000 km (20,500 mi) of Mimas, and 196,000 i
(121,800 mi) of Dione. Voyager 2 then passes into
Earth and Sun occultation$ by the planet and proceeds.
out from Saturn, but if continues to lodk back and
observe the planet until the end of September, 1981. It
is then on its way to Cfranus for a rendezvous 42 years
Iatg; {see Figure 8). .
Both Saturn flybys are outside the ring systam but

they provide good cioseup views of the rings. Voyager
2 does not see the rings as welli'as dées Voyager |.

" When chager 2 passes within 2.7 planetg;y radii at

1 OO‘E\m GMT on August 27, 1981, it is viewing the - .
dark“side of the rmgs
-

o
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" *Figure 5. At Saturn, Voyager 1 makes a close approach to

_Titan, thken flies by Saturn at a distance of only 3.3 Saturn radii
Mroim thej center of the planat. L -

Figure 6. As seen from the Earth, the spa S
behind Saturn and its rings at tﬁe‘)ﬁmes following closest
approach shown in the drawing. Alongside is the view of the
rings obtained 20 minutes befaore closest approach.

craft passes

% % y 5

. {_ As Voyager 2 approaches Uranus, equipment within

Q

the spacecraft I3 .prépared for the new encounter,

=

which is quite different from the encounters.with Jupiter

and Saturn. This capability to change operation of

equipment within the spdcecraft marfy millions.of miles
from Earth is a pawerful new technique for expioring

several planets by one mission. This technique uses -

computers on board the spacecraft, the operating
instructions for which can be ¢hanged by commands
sent to it from.karth.’Spaceeraft operations can theh be

£
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-Figure 7. If the Uranus option is chosen, Voyager 2 will pass

hs Saturn along the JSX trajectory shown in thisdrawing.
!, [ : i : . - .

tary encounters. This capability also permits controllers

- at the Mission Control Center to work around equip-

ment failures that might occur because of radiation

-~ close to Jupiter and Saturn or because of the long

period of operation of the spacecraft in space.
Approaching Uranus, Voyager 2 js prepared for this

strange planetary system in which the planet's axis .
of rotation is in the plane of its orbit around the Sun. -

The satellites orbit Uranus in its equatorial plane.
The orbits of the satellites face the-oncoming Voyager
so that the Uranian system looks like a target with the
planet at the buli's-eye. The flyby could take place
when all the satellites are on one side of the planet, but
no more than one can be close to tpﬁ spacecraft if"t‘h%
spacecraft is to approach closerto the planet. Details
are worked out-during the long voyage to Uranus. All
the sateliites are, h@wever, photographed clearly
enough to measure -their sizes;nd to see surface
zarth. The same con-
dition applies to Neptune and its satellite system.”
Thus, by 1930, the planets and satellites of the outer
Solar System may be known in detg#*comparable to
our current knowledge about the innérmost planets—
Mercury, Venus, apd Mars (before Viking)—and this
wealth of information will have been gathered by two
spacecraft taking advantage of a unigue configuration
of the planets in their orbits, a configuration that will not-
be repeated for many human generations. -

+

\

g

changed to fit the special needs of the different plane- .



Myure 8. Following fﬁg encounter with Saturﬁ as shown Fisre, Vayaﬁgf 2 will spéed thrau h the outer sai” s: stem to a re ZVG *
with Uranus 4% years later in Jgnuary 1986,  °, S ' e - rer sonr ys;an? 104 rendegvous
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- ‘STUDENT INVOLVEMENT -
. Project One: Satellite Encounter -

- time
. ano er dot on the path of the spacecraft‘ !D indicate its.
position at this time. This should coincide approxi--

", mately with the erghth tick mark before tlosest

_ai‘e 2 hours apar‘t

«Make an enlarged sketch from Figure 3 showing
Jupiter and its shadow the path gf the spaeecraﬂ from
40 hours,
tick marks on- ‘the Spacecraﬁ s path shown in Fjgure 3

posrtr@n of the satelllte relatnve to the spacecraft at the,

approach. - .
Wefking backward and’ forward a%ang the orbit of

satellite every two ho or.the 24 hours before and .
after the - closest approach to the spacecraft. Gany-.
mede is assumed to be in a circular orpit at 1,071,000
km from the center of Jupiter.-lts peno&n this orbit is
7.1546 days, Calculate the number &f degrees it

travals along its orbit in 2 hours, and use a protractor to

make\the tlck nrarks

\Mth the pasmon of the Satelhte at each of the 2- hc::urly

Eanlguratrcns Measure the distances along these

and the orbit af Gariymede. On the
_orbit of Ganymed ie draw the dot which represents the

Gaglymede, place tick z‘r{s to show the position of the,
f

i

F

liges and convert to distances in kilameters from your -

knowledge of the radius-of Ganymede's orbit. Make a
table of dlstances for the 24 hours before and after

closest encounter with the “satellite. Plot these as a
graph What is the drstaﬁce at 5 hc::urs 40 mmutes

1979, wrlat is this in terms of your lcu‘fal time? Calculate

‘ approsch for Vayagerﬂ s ]2 49, GMT orl March 5

" each of the 2- hakurly positions. Draw !he stntl‘on of the

* terminator {the oundary between day and: mght) on .-
the discs of Ganymede you have already drawn, as the
terminator would .appear from the Spac:ecraft Darken:
the night gﬁ of the satelhte _
Assume that on the first of - your sketchesi ke, the
disc at 24 hours before closest approach, there is a
_large rmpact basin in the exact.center of the satellite as
" seen from the spacecraft This basin is 300 km in -

diameter Draw it on this flrst skelch Qf the satelh!e as

tates Synchranously W|th |ts revolution about Juprter
(i:e., turns one hemisphere always towards Jupiter as
the Moon does to Earth), show in your series of
sketches of the disc of Ganymede the appgrerrt rriové-
ment of the big impact basin on the disc as viewed from
> the spacecraft. Does the basin disappéar from view
around the limb-of the satellite? If so, when? »

When wcauld ycru expect to see most detarl DFI the
floor of the big basin} Remember that a5 the basin
nears the Ilmb the deta Is |n |t5 flcrcrr are foreshor‘tened

yQu an see at !he 4 Séconds of arc resolutlaﬂ of, tl;lE
hig?ﬁesoluhon camera? ¢
. . =

Project Two: Relative Slzes af
Magnetcspheres\ :
The Earth's surfa’i:e magnetic field of approxlmately

0.3 gauss ;:‘;Educes a magnetopause (boundary be-
‘tween the magnetosphere and the 'solar wind) at an-

- approximate distance from Earth's center of 10 Earth

__radii. Jupiter’s magnetic field of 12 gauss produces a.

The diameter of Ganymede is approximately SEBD

“km. From the data you have in the table of distances

and times, make a series of 24 drawings of the disc of
Gaﬂymede showing its relatlve size as seen Rom the
spar:ecraft each hours befc:re and after clcsest

) Zapproach Scaie ycur drawrngs so !hat the one for the -

relatwe size of the drsc of Gaﬁymede Eil hcxurs befare
and 24 hours after closest approach? Calculate the
angle subtended by the satellité at the spacecraft for
each of these 2-hourly posrtlans If the high-resolution

gmera has a resolution of 4 seconds .of arc (1 milli-
d agree), cal;ulate the size in meters of the smallest
object that can be recognized on the satellite 24 hours
before closest approach, at closest approach, and 24
.hours after closest approach. Assume that the smallest

object recognizable is the same as the resolutmn of the

camera system. . . .

Agaln making use of the |Ilustrat|on of Figure 3,
which shows the direction to the Sun. calculate the
phase of Ganymede as seeh from the spacecraft at

B

10
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v

magr\etqpause at 53 radii from Jupiter, the distance
;rymg with solar wind activity. Make a large drawing .

td scale=<to show the relative sizes of Earth and its
magnetopause and Jupiter and its magnetopause as
shown in the sketch = MAGNETQPAUSE
alongside. Scale the o :

" disc of Jupiter (diame- |

ter of 142,900 km) as
1.43 -cm’ diameter. -
Algpgside Jupiter, draw
the. Earth and its mag-
‘netopause. It Saturn
has a'surface magnetic. |
field of 1 gauss, its magnetopause rﬁay be recorded by
Voyager at a distance of 39 Saturn radii from the center -
c::f the plarret Draw Saturn to scale together with 115

)
@ PLanNET

diameter of Saturn is 119 600 krn)
Then draw the Sun to the same scale. Its diafter is
1,426,000 km. Are the magnetospheres of Jupiter and
Saturn comparable in size with the Sin itself? How _
» much blgger or srﬁaller are they'? : . .

o
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~ Albedo: The ratio of the Ilght reflemed by a planat or a

; le% ~-_ moving-freely in space.

* satellite’to the sunlight faliing upon it.
Boom: A slender structure or a single pole extendmg from

- a'spacecraft to locate equipment or science instru- -

ments away from the

3

.E‘lndy of the spacecratft.

Chau:geﬁ Particles: lonjzed atofns (j.e., atoms that have lost

-one ar*rnora of their orbital electrons) and electrans
sest Apprgazh The posnpaﬁ on the path ofa spaﬂgcraﬂ
that is closest to the planet the 5pacecraﬁ is ﬁymg
by : :
Cosmic Ray-Telescope: A device that detects high- Eﬂergy
' charged particles paksing.through a system of de-
“téctors arranged so that the direction of the par-
th‘;‘lés can be. ﬂetermlged and thélf energy
. easyred. .
Cruise: That part of an interplanetary flight where the space-
~craft is traveling between the Earth and the planet
which it isto fly by or orbit. '
information can be sent from one place to anmher
in the form of.a code, like the Morse code. Digital
data is in a code of two bits, zero and one,
equivalent to a lamp being either off or on. The
rate at which these zeros and ones can be sent
from a transmltter to a receiver is ealled the data
_ bit rate.

% Elts

Deep Space Network: A system of Ia:ge antennas*arranged

E

Aruitoxt provided by Eic:

RIC

turns Dn |ts ax1s EDﬁStEﬂt ccxrnrnunmatlcm can be

#

- in Austraha Spalrr and Callfgrma pass |nft;1rrna-
) tignligack and forth: between spacecraft and the
control center at-the Jet Propulsion Laboratory,
Pasadena, Califérnia. Each' of the three Deep
Space Network stations has a E4-r’n antenna and
‘smaller antenpaz
Encounter: Thatperid in a space mission when a space-
craft is actively gathering scientific information
i about the planet n is flying by or orbitir.

Fcu:al Length: The distance from a lens or mirror at which
the image of a very distant object is focused; long
~ focal lengths produce larger images than do shorter
focal lengths, but the images are of reduced inten-
sity. Long-focal-length telescopes are often referred
to as telephoto, narrow-angle, or high-resolution
" systems;short focal lengths are used ‘IﬁledE angle

or low-resolution systems s

IDﬂDSphErg Upper reglcﬁ Df a plaﬁetary atmasp ere, in
cirically

charged b,y lnEDmlﬁg FadlStIDﬂ from lhe Sun

s e

at stations around the world so that as the Earth -

e

Magnetit; Mortfent: A measure of the ‘magnetizing force pro- .

duced by a magﬁetlzed body such as a planet.

Magnatofsphare The region surrounding a planat in whn:H
the magnetic field of the planet predominates over’

= - the magnetic field carried by the particles of the

and the magnetosphere is a boundary known as the

bow ghock.  The magnetosphere traps particles

solar wind. The transition between the solar wind -

from the solar wind which are contalned within -

radla’tmn belts.

a satelme so that the spacecraﬂ is hidden frgm )

ihe observer.

Phctc:polanmeter An |nstrument that measures the light

intensity of a planét or satellite by using a polarizing .

device,

‘ Radiation Belt: A region of trapped . alei:tncally charged

- particles, mam]y protons (nuclei of hydrogen atoms)
and efe‘ctmns, in the magnetasphere af a planet

S-band and X band: Two bands ar se«:tlcms of the radu:
frequem:y spectrum allocated mtérnatlanally for
space communications, ,S-band is from 2290 to
2300 MHZ and X-band ¥ from 8400 to, 8500 MHz..

Silicate: Rock coritaining large amounts of silicon, such as -

. guartz,.pyroxene, and feldspar.
Solar Wind: The- flow of electrons and protons streaming
. outward from the Sun throughout the Solar System.
Specirometer: A device that measures the different frequen-
+ cies- of radiation from a.dody and their relatwe
’ mtensmes
the nbrth and south pcles of the pjanet
Whlp Antanné A long, wire-like, flexible anterzlna suppaﬁed
at one end only. .
Work Around: A way of overcoming a failure wnthm a SpECE-
craft 'so that the mission of the spacecraft.can still
be ac:cam lished. *' -

¥
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. NASA, SP-340, 1974.-

" THE RINGS OF SATURN, F. D. F‘allu«:Dnl and G. H.
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