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Voyager 2 will tly mast Neptune and its
large moon Triton on August 2-4, 1989 "l
Pacitic Daylight Timce (PIXT), flashing
over the planet’s north pole at an alcirude
of about 1,850 kilometers (3,000 miles).
Five hours later, the spacecratt will pass
about 38,000 kilomcters (25,600 miles)
from Triton.

The close tlyby of Neptune will bend
Voyager 2's flight path sharply, sending it
below the ecliptic plane at an angle of
about 48 degrees.

Both spacecraft are expected to return
valuable data well into the twenty-firse
century. By about the year 2020, the elec-
erical power supplied to the Voyagers by
their nuclear power sources is expected to ‘
have dwindled sufficiently to end the lives }
of the spacecratt. Eventually, the Voyagers ‘
will pass out of the solar system and i

cruise silently toward the stars.

Nare: The wactual moment of closest approech
wll beoon Augnst 24, 1989 at Y r. a1, PDT.
The spacecraft's vadio signals at clusest ap-
procach 1wl wot veach Eavth until Angnst 25,
106 a0, PIYT. since vadio signals ( travel g
wt the speed of light 1 ill take 4 boury O minutes
to crms the vast distance from Neptund to

Earth. Mamy l/_/'l/.u' obyevtatings condicted

ahunt this time will be vecorded wn the space- B



THE DISCOVERY OF NEPTUNE

Neptune was the first planet located
through mathematical predictions racher
than through systematic obscrvacions of
the sky.

In the years following William
Herschel's discovery of Uranus in 1781,
astronomers noted thae Uranus was not
taithtully following its predicted path.
Uranus scemed to accelerate in ies orbit
betore 1822 and to slow after that. One
possible explanacion was that the gravity
of an undiscovered planet was affecting
the orbit of Uranus.

Two young mathematicians, cach work-

ing independentiy and with no knowledge

of the other, were inerigued by the mys-
tery and set out to solve it

In England, John Couch Adams began
work on the problem in 1841 and pursued
it sporadically. By the fall of 1845, he tele

contident enough in his calculations to
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mathematician Urbain Jean Joseph Le Ver- s

ricr published his own work on the topic.
When Sir Geerge noticed that Le Verrier's
work closcly matched that of young
Adams, he directe] Professor James Chal-
lis ot Cambridge Observatory to begin a
scarch of the heavens for this object. Chal-
lis was hindered, however, by the lack of
up-to-date star maps of the arca to be
scarched and, without these, it was ditfi-
cule to quickly discern new bodies from
known ones. His only course was to
tediously scan and re-scan the sky over a
period of weeks, watching for planct-like
motion. He missed recognizing Neprune

several times.

2 present them to the Astronomer Royal,

Sir George Airy, at the Greenwich Obser-
vatory. It was, perhaps, Adams’ youth and
the fact chae he was an unknown astrono-
mer that caused che older man to give lit-
tle atrention to Adams’ work at the time.

/ - _ ’

’ . y a"' m" MN
Py

- e
d",.‘ / b4 -,

— C € 2N, aV 2 s A~

I8 ey 4%19/27 25 9,2-?
o . ~

By s f2r - ok 75022 2o
NS ~o0.27 Stk b 16 iy s 2
78 -0 26 g - 2s IESF 22y
//'3?? Y e o+ 2 SE LUy ~sof
/7/'92 - p,/y/ U7~ l.}( VA AP
PS5 0.0y lers -0y /a'.’y' s 62
s o9y /78 —Loo  sge rr S

— e

S

U. J. J. Le Verrier
(From the
Hustrated London
News, Feb. 2, 1847.)

J. C. Adarhs

(From R. Ball,
Great Astronomers,
London, 18988.)
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In September 1836, Le Verrier, unable
to inrerest French astronomers, sent his
calculations to an assistane at the Berlin
Obscrvatory, Juhann Gorttried Galle.
Galle received the letter on Seprember 23
and began a scarch tor the object that
night. Galle, too, might have missed the
discovery had not a student, Heinrich
Louts d'Arrest, provided him with the
latese star map of the arca. And there,
within a degree of Le Verrier's predictions
(and only a tew degrees from Adams’ pre-
dictions) was an unidentified disk. When,
by the nexe night, the object had a new
position, the discovery could be claimed
~—an ¢ighth planct had been tfound.

An international brouhaha tollowed,

with supporters of Adams contending

Berlin Observatory
as It was at abcut
the time Neptune
was discoverad In
1846. (From Veriag
Q. Groplus, Berlin,
1833, Mirkisches
Museum.)
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with those of Lo Verrier tor recogmuion of
their champion. In keeping with the es-
tablished praceice of paming plances tor
anaent Roman or Greek gods, however,
the new planet was called Neprune, after
the Roman god of the sea.

Seventy-tive years carlier or later, the
problem would have been mathematically
insoluble. At the time of the discovery,
Neprune was in the one part of its orbit
that allowed solution.

The orbit calculated by Adams and

Le Verrier is not precisely Neptune's orbi.

Differences between the actual and pre-
dicted orbits continued to be noted by
astronomers. In 1919, American Percival
Lowell predicted a ninth plancee, based

on the ditterences between calculated and
observed orbits of Neptune and other

plancts. Motivated by Lowell's ideas,

VoM. Slipher. ehe director of Lowel]

Observatory i Flagstatt, Anizona, hiecd
astronomer Clyde Tombaugh to begin an
exhaustive search tor this mnch plancet. In
1930, 814 years atter Neptune's discovery,
Tombaugh discovered the plancet Pluto.
Pluts is now known to be tar too small to
have caused the apparent ditterences be-
tween Neptunes predicted and observed
orbits, however, and the source of these

ditferences remains unresolved.
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WHAT D0 WE KNOW ABOUT

Uranus and Neptune are otten thought of
as a pair, because of their great distance
from the Sun and their similaricies in size
and color. But already scientists expect
that Neprune will be vasely ditferent from
any of the other planees yet studied.

Alchough Neprune is the fourth largese
planct, it is invisible to the naked eye be-
cause it orbits in the outer regions of the
solar system, 42 billion kilometers
(nearly 3 billion miles) from che Sun. (In
fact, Neprune is currently the farthese
planet trom the Sun—since the carly
1970s, Pluto has been. closer to the Sun
than Neptune has, and it will remain so
until the end of this century.)

At this distance, Neptune receives
nearly 1,000 times less sunlight than
Earth, and about two and one-halt times
less than Uranus, but its overall tem-
perature is about the same as chat of
Uranus. Therefore, scientists believe that
Neptune must have some internal heat of
its own, as do Jupiter and Sacurn.

Neprune's scasons last more than
40 years. Its rotational axis is tilted about
30 degrees to the plane of its orbit around
the Sun (Earch's axis tilts 23.5 degrees).
At this phase in Neptune's sojourn around
the Sun, it 18 summer in the southern
hemisphere and there is continuous
daylight at the south pole, while the
north pole is cloaked 10 darkness.

Both planets rotace at about the same
rate — Uranus’ internal rotation rate is

17 hours 1+ minutes, while Neptune's at-
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maospheric rotation rate 1s beeween 17 and
18 hours. Rotation rates of plancts can be
measured in two ways: by tracking cloud
teatures in the atmosphere or by monitor-
ing the radio emissions generated by elec-
trons spiraling into the planet’s magnetic
ticld. Radio emissions give the rotacion
rate of the bulk of the planet because

the magnetic field is generated in the

planet’s interior.

Voyager 2 captured
this inbound view
of Neptune and Tri-
ton on May 9, 1988
from 688 million
kilometers (426 mii-
lion miles).

Poren

Cloud structurs on
Neptune is shown
in an image taken
in January 1989

from about 309

million kilometers
(185 million mites).
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Jupiter

Saturn

Uranus

Neptine

. Earth

Neptune looms
above the surtace
of Triton, where
shallow pools of
Hquid nitrogen
may form beneath
& thin atmospheric
haze. (Reprinted-
with permission
trom Nationasl
Geographic Meg-
azine and artist
Pautl Hudson.)
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Measurements obrained by tracking ¢loud

It there are methane clouds on Nep-

: . ot effocta robably condens . /'
] features include the additional efteces of tune, they probably condense at a pressure
L?!~ armospheric winds, As Voyager 2 nears of about 2 bars (ewice the atmospheric
E Neprune, the planctary radio astronomy pressure at sea level on Earth) and a tem-
H experiment will detesmine the rotetion perature of about 85 kelvins ¢ — 305°F). 8
' rate of the planct’s interior. Voyager 2's radio signals can probe to a
s With an cquatorial diameter of about pressure level of 3 to 9 bars, so there is a
< 149,100 Kilometers (30,700 miles), Nep- good chance of detecting the base of the .
tune is only slightly smaller than Uranus.  methane clouds, which will indicate the |
But Neptune is denser, indicating thac it amount of methane in Neptune's armo-
must contain alarger quanticy of heavier sphere. Although other cloud layers, in-
materials than does Uranus. cluding water-ice <deuds, are expected
Like-Uranus, Neprune is believed to be deeper in the aemosphicre, Voyager 2 will
composed primarily of rock and melted not be able to detect them. While the
ice, mixed with hydrogen and helium. spacecraft is in Neptune's shadow, 10 will &
The combination of infrared and radio ob-  mancuver to precisely track che outer j
servations will provide a measurement of  edge of the planet to enable Voyager's ra-
the relative amounts of helium and hydro-  dio signal to probe Neptune's atmosphere. ;
gen in Neptune as compared with the There is evidence that Neprune has a :e:::::;:':::::. ' |
amounts in the other gascous outer plan-  magnetic field. as do Mercury, Eareh, sist of & mixture of
ets and the Sun. Jupiter, Saturn, and Uranus. Voyager 2 is ::::?d ces and
Despite Neptune's remoteness, astrono- — not likely to penetrate the planct’s mag-
mers have been able to learn a tew things  netosphere until the lase day betore the
about the planet’s atmaosphere. (Light spacecratt’s closest approach to the planct.
emitted and reflected from an armosphere .
contans information about the atmo-
sphere’s chemistry and composition.) At S—i—
times, high-resolution images taken from E
Earch-based telescopes indicate the E .
existence of thin atmospheric hazes over —— .
major portioas of the plancet. The haze, ¢
which comes and goes in a mateer of days ¢ ' ‘
or weeks, may consist of methane ice ' N ’
crystals. ) , L ‘
.y
Voyaget 2 bids " ’
As Voyager 2 dips tarewell to a cres-
behind Neptune, - ceni Neptune. . ‘

the ultravioiet in-
strument will study
the atmosphere as
sunlight streams
through it.
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TRITON AND NEREID

Neptune has two known satellites, Triton
and Nereid. Neither travels in the plane
of the planet's equator— Triton's orbital
plane is at an angle of about 20 degrees to
Neptune's equator, while Nereid's is at an
angle of about 30 degrees.

Triton completes one rotation on its
axis in the same amount of time that it
takes to circle Neptune, 5.88 Earth days.
Because the rotation rate is synchronized
with its orbital period, the same hemi-
sphere always faces Neptune. (Similarly,
Earch's Moon is also in synchronous rota-
tion, keeping the same face toward Earth.)

At an average distance of 354,600 kilo-
meters (220,300 miles) from che center of
its planer, Triton is nearly as far from
Neptune as the Moon is from Earth. Tri-
ton is the only large moon in the solar
system with a recrograde orbit; that is,
it travels in che direction opposite the
planet's rotation. Because of its tetro-
grade orbit, Triton is spiraling slowly
toward Neptune.

Triton is roughly the size of Earth's
Moon. Estimates of Triton’s diameter
range from 2,200 to 4,000 kilometers
(1,400 to 2,500 miles).

An hour before
Vaoyager 2's closest
approach to Triton,
the flield of view of
the narrow-angle
camera will cover
an area about

700 kilometers
(400 miles) square.
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If Tricon is small — perhaps about
2,200 kilometers (1,400 miles) in diame-
ter—scientists expect to find only a
very thin atmosphere. If, on the other
hand, Triton is larger — perhaps about
4,000 kilometers (2,500 miles) in diam-
eter—then it is expected to have a lower
surface temperature and could have a
thicker atmosphere (which otherwise
would have escaped to space long ago),
and Voyager's cameras may not be able to
see the surface.

Because Triton's size is uncertain, the
Voyager flight tecam has prepared primary
and alternative designs for some obscrva-
tions. This strategy will allow a cricical
decision just a few days before the en-
counter, based on the latest information
available: if Triton is large and has a thick
atmosphere, observations will be concen-
trated on the acmosphere, if Triton is
smaller and the atmosphere thin, observa-
tions instead will be concentrated on the
surface. The best Voyager images of Tri-
ton are expected to show features smaller
than one mile.

Small quantities ot " ‘

methane may be ..

dissoived In shal-

low pools of liquid o' .
nitrogen on Triton's . .

surtace. . ’ R ot

-~y

-
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Scientists hope rhat Voyager 2's cam-
eras will be able to see through Triton's
atmospiere to the surface, where there s
methane frose or ice and solid or liguid
nitrogen. Small quantities of methane
may also be dissolved in ponds of liquid
nitrogen. On the dark side of Triton,
Voyager 2 will look for temperacure dif-
ferences that may indicate the existence of
liquid bodies. (Since liquids cool more
slowly than fine-grained solids, warmer
areas on the dark side mighe be liquid.)

Triton's scasonal cycle is complex and
extreme because of the combined effects
of its orbit and its rotation. Each of
Triton's poles spends long periods in
darkness, where temperatures are ex-
tremely low and most molecules are
frozen. Where the Sun is directly over-
head on Triton, the temperature is near
the freezing poine of liquid nitrogen
(63 kelvins or — 346°F). The southern
hemisphere of Triton is now approaching
summer, and sunlight currently strikes
directly at about 40 degrees south lati-
tude. As this hemisphere warms, some
liquids and solids vaporize quickly. How-
ever, as Triton rotates, this hemisphere is
plunged alternately into darkness and
daylight, and this tou affeces the freezing,
melting, and vaporization of the nitrogen

and methane.

Five hours atter
sncountering
Neptune, Voyager 2
witl swing past the
targe moon Triton.

Voyager 2 is slated to pass through a
narrow arca behind ‘Triton where both che
Sun and Earch will be hidden from view
tor about -4 minutes. During this time,
the ultraviolet spectrometer on board
the spacecraft will study the satellite's
atmosphere by viewing the Sun shining
through Triton's atmosphere while, at the
same time, the spacecraft’s radio beams
will probe the atmosphere to determine
temperature and pressure levels. Just days
before closest approach, navigators will
instruct Voyager 2 to fine-tune its flight
path to target for this area of Triton's
shadow; this adjusement will be based on
the best estimates of the location and size
of Triton and on the gravitational cffects

of Neptune on the flight path.
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Nereid, which is between 3000 and
1,100 kilometers (190 and 680 miles) in
diameter, travels around Nepeane in a
highly elliptical orbit chat ranges
trom 1,390,000 to 9,639,000 kilomerers
(860,000 to 5,990,000 miles). Voy-
ager 2's closest tlyby distance to
Nereid will be about 4,655,000 kilo-
meters (2,890,000 miles). Even at that
range, Voyager may discern bright and

dark arcas on Nereid's surface.

Heading below the
ecliptic, Voyager 2
will. look back at
the crescents of
Neptune and Triton.
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THE VOYAGER SPACECRACFT
Both Voyager spacecraft have survived in
space for almost 12 years and, although
cach has experienced some hardware
failures, they are seill in good healeh and
capable of returning valuable scientific
data well into the nexe century.

Each spacecraft carrics inscruments
for ten scientific investigations. In addi-
tion, the spacecraft’s radio is used as an
instrument for an cleventh scientific
investigation.

Four of the investigations use optical
instruments mounted on a movable plat-
form at the end of a shore boom. These
instruments are the imaging cameras
(both wide- and narrow-angle), the ulera-
violet spectrometer, the photopolarimeter,
and the infrared interferometer spec-
trometer and radiometer. The fields of
view of these optical instruments are
aligned to view nearly the same scene
simultancously and rheretore to acquire
complementary data.

Six more investigations are designed to
measure the magnetic fields, charged par-
ticles, and plasmas in space and in the
vicinity of planets. (Plasmas arc extremely
hot ions that tlow like a liquid and, be-
cause they are charged, react with mag-
netic fields.) These investigations are the
magnetic field, plasma, plasma wave,
planctary radio astronomy, low-cnergy
charged particle, and cosmic-ray
investigacions.

Each Voyager spacecraft has a
3.66-meter (12-toot) diame- 7%

ter dish antenna

through
which it re-
ceives commands trom Eareh and trans-
mits data back. The spacecratt’s radio
signal is also used as a scientific tool to
study atmospheres, rings, and gravita-
tional cffeces.

Beyond the orbit of Mars, sunlighe

18 s0 weak that the solar pancls necded

) Narrow-Angle
to power spacecratt would be too large Camaia |
to launch. Theretore, cach Voyager is l
|
powered by three nuclear generators called |
L ) Wide-Angle
radioisotope thermoceleceric generators., Cemera | |
These generators produce electrical energy | !
. . . i ]
through the conversion of heat trom the Uttravi~let
Plasma i e - - ater
natural radioactive decay of plutonium-2 38. Experiment |
Because Voyager 2's main radio receiver | [ | ’
failed cight months after launch, the ' &

(‘)
Cosmic FPay /\!' P,
RIS

Instrument ! \" D
Vi NN

[/ Infrared
Spectrometer
and Radiomster

spacecrate relies on a backup eeceiver,

which now can receive only a limited

range of frequencies. In addition, Voy-

ager 2's movable instrument platform is
used conservarively because of problems
that occurred in 1981 shortly atrer che Photopolarireter

Saturn flyby. Despite these prob-

lems, Voyager 2 has performed | Low-Energy
. ) Charged Particle
successtully at Jupiter, Experiment

Sacurn, and Uranus.

11

High-Gain Antenna -
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e
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TRACKING AND

The comiaunications link with the space-
craft is provided by a system of three
radio-telescope complexes located around
the world; this system is NASA's

Deep Space Network (DSN), managed by
JPL. These complexes are strategically fo-
cated near Barstow, California; Madrid,
Spain; and Canberra, Australia, so that at
all times, as the Earth rotates, ar least one
station can communicate with the space-
craft. Because of Voyager 2's location

in the sky, antennas in che southern
hemisphere (Australia) will have the best
“view” of Voyager 2 during the Neprune
encounter,

The radio signals from the Voyager
transmitters (which have about the same
wattage as the lighe bulb in a refrigerator)
get progressively fainter as the two space-
craft speed away from Earch. To track
these faine signals, larger antennas and
more sensitive receivers are needed on
Earth; in addition, more power is needed
to transmit commands to the spacecraft
across the vast distance.

To meet these needs, all of the DSN
antennas have been upgraded consider-
ably since the Voyager spacecraft were
Huiched in 1977, Although Voyager 2
w.hvbe 1.6 billion kilometers (1 billion
miles) forther away, the communication
rates at tveptune will be about the same
as they were at Uranus dus wo these jm-
provements and new techniques. Bach
D8N complex has three antennas that
may be used to communicate with the

Voyagers. Since che Uranus encounter in

OATA ACOQuUiISITION
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1986, the largest anceanas have all been
enlarged from 64 to 70 meeers (210 o
230 feer) in diameter. Also since 1986, a
new 3-d-meter (112-foot) diameter antenna
has been buile ac che Madrid station,
matching che configuration that exists ac
the Californian and Australian complexes.

The DSN can also increase the data
return by combining the spacecraft sig-
nals received ac several antennas, therehy
cffectively forming one giant antenna.
During the Uranus encounter, the Aus-
tralian government’s 64-meter Parkes
Radio Astronomy Telescope was arrayed
with the Canberra DSN complex to assure
better data capeure from Uranus.

For the Neprune encounter, prepari-
tions are being made for use of the
twenty-seven 29-meter (82-foot) anten-
nas of the Very Large Array (VLA) near
Socorro, New Mexico; the Parkes Radio
Obscrvatory near Canberra, Australia:

and the Usuda Observatory in Japap.

The 27 antennas of
the Very Large
Array near Socorro,
New Maxico, torm
one large ‘‘ear’ to
tisten to Yoyager,

Zarkes will once agam be hnked with Can
berea, while the VIA will be arrayed with
Goldstone, near Barstow, California, The
Usuda anteniaa will provide addicional
tracking tor the cntical radio saence ob-
servations durmg closest approac s,

The Parkes Radio Obscrvatory vper-
ated by the Commonwealth Scientitic and
Industrial Rescarch Organization (CSIRO).

The Very Large Array is pare of the
National Radio Astronomy Observatory,
which is operated by Associated Univer-
sities, Inc. for the National Science
Foundacion.

The Institute of Space and Astro-
nautical Science (ISAS) of Japan operates
the Gi-meter (210-foot) antenna at Usuda

on the island of Honshu, Japan.

Signais received at
the Parkes Radin
Observatory near
Tidbinbilla, Aus-
tratia, will be com-
bined with signals
received at the
nearby DSN
station.
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CHALLENGE AT NEPTUNE

i
i
|
{ The first spacecraft encounter with the THE ImaGES
: cighth planct in che solar system presents At Neptune, where lighe levels are nearly
» . . . . .
y a number of challenges and special 1,000 times dimmer than those at Earth
‘ circumstances. and 33 times dimmer than those at
3 DaTA RaTE Jupiter, camera shutters must be open
':' As spacccraft travel farcher from Earch, longer to gather more light. Combined
the rate at which the DSN antennas can with the motion of both the spacecraft
reliably receive the data decreases, For and the target body, this can fesule in
example, during Voyager 2's Jupiter en- badly smeared images.
counter, when the spacecraft was over Several methods to reduce image smear
900 mitlion kilometers (about 560 have been developed: image-motion com-
million miles) from Earth, the highest pensation, steadying the spacecraft, and
data rate was 115,200 bits per second. At new procedures on the ground and on
Neptune, nearly 4% billion kilometers the spacecraft.
(3 biltion miles) from Earch, the highest Three techniques have been developed
data rate will be 21,600 bits per second. to vompensate for the motion of the 3
To increase the amount of data thae can spacecraft and its targets during imaging. image-motion com-
. -t - . . . . pensation tech-
be reliably returned, flight engineers They include continuously turning the en- niques resulted in @ |
have devised ways to reduce the number tite spacecraft to track che target during a dramatic Improve- . ‘
of bits required to transmit images. These  series of ¢ :s, “nodding” the space ment in the reso- !
s required to transmit images. These  series of exposures, “nodding” the spac lution obtained of .
include changing the way the spacecraft craft to track the target only during each the Uranian moon
- .. . . . Miranda. .
g encodes the data before it is edited, exposure, or slowly moving the instru- ‘
Y compressed, and transmicted. ment platform during an exposure. .

Lave Uppares

A major task will be to deliver Voyager 2
to the right place at the right time. Any
deviation could mean loss of irreplaceable

observations — Neptune and Tricon

. e

will not be visited again for a very
long time.

To provide Voyager 2 with the
latest possible pointing and timing
knowledge, the flight team ac JPL

N oweane N

must perform a number of activities
very late in the encounter period, often

sending updates to the spacecratt after it

=~ ey

has begun performing the current set of

S JER \g .cau b LTl fat B

|

!

instructions. These updates will provide
the spacecraft with the latest and best
possible information on precisely where to

find the targets at predetesmined cimes.

Voyager 2 wlll dive

over the north pole - i

of Neptune at an

altitude of about

4,850 kilometera !

(3,000 miles). X
Y
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Voyager 2 is also being steadied as an
observing plattorm. Normally, the space
crafe is steadied by short (10-millisccond)
bursts of hydrazine propellant from its ac-
titude control thrusters. For the Uranus
encounter, flight engineers reduced the
thruster bursts to 5 milliseconds, and for
Neprune the bursts will be shortened to
4 milli: zconds, reducing the spacecraft ro-
tational rates by an additional 20 percent.

A third ettort to gain the best images
from Neptune involves changes in soft-
ware on the ground and on the space-
craft. Previously, exposures longer than
15 seconds had to be recorded on the
spacecraft’s digital tape recorder for
later playback to Earth. While exposures
at Neptune will typically be 15 seconds,
the soteware changes will allow the space-
craft to obtain nenrecorded images with
longer exposures, greatly increasing imag-
ing tlexibility in the dim Neprune

environment.
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Ground-based
images of Neptune,
taken over a £¥a-
hour period in July
1988 provide evi-
dence of cloud
structure and a
haze at the north
pole. Left: Images
taken at 6190 ang-
stroms (same
wavelength as Voy-
ager's wide-angle
camera’s methane-
band flitar). Right:
Images taken at
8900 angatroms.
(Courtesy of H.
Hammel, JPL/
Mauna Kea
Observatory.)

. COLOR PHOTOGRAPH

Clouds on Neptune
were seen in

ground-based
images In 1983,
(R. Terrile, JPL,
B. 8mith, Univ.
of Arizona.)
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ONWARD TOWARD THE STARS

After Neptune, the Voyager spacccraft
planetary encounters will be over. Only
one planet in the solar system remains
unvisited— Pluto—and neither of the
Voyagers can change its course to visit
that planet.

But the Voyager missions will continue
as the two spacecraft hurtle onward
through space, one above the ecliptic and
one below, searching for the edge of the
heliosphere——the heliopause, which is the
outer boundary of the Sun's energy influ-
ence. Crossing the heliopause, perhaps
early in the next century, they will enter
true interstellar space. These spacecraft
may give us the first direct measurements
of the environment outside our solar sys-
tem, including interstellar magnetic fields
and charged particles.

Go out some night, away
from the lights.
Gaze up at the can-
opy of stars. Among
them you will see
other worlds: worlds of
freezing temperatures
and crushing pressures,

noxious gases and precip-
itous cliffs. Worlds where
several moons rise and set
every day. Worlds v here rings
cast shadows on the surface
and cut an icy swath across the
sky. Worlds where

superbolts of lightning slice the air, and
auroras light up the horizon for thousands
of miles. Worlds vastly difterent from

our own.

And yet, our planet has much in com-
mon with these others. We receive energy
from the same Sun. Physical processes—
gravity, chemistry, and geology — obey
the same laws. But in comparison with
these other worlds, Earth is unique: it
supports life.

Much has happened on Earth since the
Voyagers left —social change, political
uprisings, technological advances, natural
disasters. But possibly the most important
change has been our growing

awareness,
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partially brought about by the breath-
taking views of other worlds sent back by
the Voyagers, of Earth as a planct, and a
very fragile onc.

Perhaps this is the legacy of Voyager, so

well expressed by the poet T.S. Eliot:

W shall not cease from explovation
And the end of all our exploring
Will be to arrive where we stavted

And knoe the place for the first tinte.

Thelr planetary ad-
ventures behind
them, the Voyagers
will sall on toward
the stars, returning
valuable data well

century.

into the twenty-first
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