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NEPTUNE

Voyagers Last
Picture Show

By RICK GORE assistant epitor
Images by NASA/JET PROPULSION LABORATORY

OR THE VOYAGER 2 SPACECRAFT the visit to Neptune is both a first

look and a final farewell. There was Jupiter in 1979. Saturn in 1981.

Uranus in 1986. Now in June 1989, four billion kilometers from

home, Voyager is approaching a mesmerizing blue planet. In a few

weeks, cameras wide open, it will hurtle over the top of Neptune
and scan the surface of its even more mysterious moon Triton. Then it will
head for a silent death beyond the far ends of the solar system. To those of us
who have followed Voyager since launch, the weeks ahead promise another
euphoric high. But they are also tinged with melancholy. As veteran Voyager
imaging scientist Rich Terrile puts it: “For a guy like me who explores worlds
for a living, this is it. The last new world for a long time.”

In June anticipation rules. At the observatory on Mauna Kea on Hawalii,

a young astronomer, Heidi Hammel, focuses a huge telescope on the remote
planet. In recent nights she has found a new white spot on images of Neptune.
It is a cloud, a feature that Voyager is now also starting to see.

“Already we know that Neptune is not going to be another Uranus,” says
the excited Hammel. Uranus had disappointed scientists three and a half years
earlier when Voyager could not see through the deep atmosphere that obscures
its weather. It looked bland as a billiard ball.

“We're calling this the Great Dark Spot,” says Hammel as she points to
a huge stormy vortex on a recent Voyager Neptune image. It recalls the
gigantic, swirling Great Red Spot that dominates Jupiter’s turbulent
atmosphere. Wispy high clouds also streak Neptune’s upper atmosphere.

Meanwhile, at another Mauna Kea telescope astronomers Dale Cruik-
shank and Robert Brown are measuring the infrared spectrum of the

Discovered as a speck of light in 1846, Neptune revealed
its glory last August as Voyager 2 sped toward the

edge of our solar system. Four times the diameter of
Earth, this giant planet and its enigmatic moon Triton
have scientists delighted and confused.
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moon Triton. Six years earlier these two men—among the few interested in
that distant speck of light—had detected methane and nitrogen on Triton’s
surface. At that time they suspected that Triton’s frigid temperature might lig-
uefy nitrogen but not be cold enough to freeze it. Thus they had predicted that
Neptune’s only big satellite —nearly the size of our moon—might be covered
by an ocean of nitrogen, interspersed with continents of methane ice.

Recent Earth-based data have indicated
Triton may be abittoo cold. Liquid seas would
freeze. Still Cruikshank is hoping Voyager
might find nitrogen lakes in local hot spots.

A more bizarre phenomenon intrigues
astronomers at other telescopes. In the
past few years several observing teams have
detected blips in their data that indicate Nep-
tune may have faint partial rings, called arcs. By the time mission scientists
convene in August at the Jet Propulsion Laboratory in Pasadena, California,
those arcs have actually been recorded. Preposterous apparitions, the arcs
seem to defy the laws of physics as they dangle in space.

August 22. I arrive at JPL’s press room. Familiar faces abound. Like Voy-
ager, ten years ago all of us—scientists and reporters alike—had fewer miles on
us. Then we used typewriters. Now everyone has laptop computers. Ten years

By looking back toward the sun (above), Voyager captured light being scattered
by Neptune’s tenuous, charcoal-dark rings. In the farthest ring (left), 63,000
kilometers (39,000 miles) out, material mysteriously clumps into three arcs, at
lower left. The image includes one of Neptune’s eight moons, at top, and a star.
Ring movement smeared another image of one of the arcs (top), showing that
they hold knots of accumulated particles.
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ago we competed with the Soviet space program. Now three Soviet scientists
sit as official members on the Voyager science teams.

Otherwise, the aura of chronic astonishment persists. Every day brings at
least one discovery. Now only 3.5 million kilometers from Neptune, Voyager
has already discovered four small moons. It has been tracking not just the
Great Dark Spot but also a small dark spot called D2 and a fast-moving white
spot nicknamed the Scooter. Early images of
Triton look mottled. Are we seeing the sur-
face? Or is it an obscuring haze?

The surprise of the day, however, isa
faint new ring. Unlike the brighter arcs, this
ring completely encircles the planet. Ring
specialists are beginning to suspect that the
arcs may simply be parts of a complete ring.
The invisible sections would contain too few particles to reflect much light.
But what causes the ring particles to clump into arcs?

At Saturn, scientists saw that rings were shepherded by small nearby moons
whose gravity confined the rings. At Neptune, Voyager can find no confining
moonlets. Could it be that the ring arcs formed quite recently? In the past few
years could a comet have crashed into a small moon, creating debris that has
not yet had time to organize into a smooth ring?

Although the scientists propose this idea, few like it. Imaging team leader
Brad Smith expresses their skepticism: “That violates something called the
cosmological principle, which says that it is unlikely that you happen to be at
the right place at the right time to observe an event of cosmic significance.”

Imaging Neptune’s rings is a challenge. The ring particles are darker than
charcoal. The spacecraft is moving fast enough to cross the U. S. in less than
four minutes. There is about as much light out there as inside a cathedral on a
cloudy day. “It’s a photographer’s nightmare,” says one imaging expert.

Voyager’s seasoned engineers have worked miracles. In order to steady the
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A good view of Neptune from Earth (top, at right), a near-infrared image, contrasts
with an image recorded at the same time by Voyager from 1.5 million kilometers.
International cooperation marked the Neptune encounter: Soviet scientists

worked with NASA at the Jet Propulsion Laboratory in Pasadena, California.

National Geographic, August 1990
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PULLED by Neptune’s gravity, the robot
explorer accelerated from 60,000 to 98,000
kilometers an hour as it passed a daring
4,900 kilometers above the planet’s north
pole. The risky approach was essential to
bend Voyager’s course toward Triton.

Voyager discovered that Neptune’s mag-
netic axis is tilted 47 degrees from the plan-
et’s rotation axis and that the magnetic
center is located halfway to the surface. A
similar case at Uranus has been attributed
to a magnetic reversal or a catastrophic
impact. “This is clearly not the case at
Neptune,” says principal magnetic-field
investigator Norman Ness, “so we need
new ideas.”

Voyager found three prominent rings and
added six small moon siblings to Triton and
the nondescript Nereid. On other planets
small moons seem to confine rings, but such
shepherding is not yet obvious here.



spacecraft’s cameras for long exposure times, they have reprogrammed
onboard computers with new instructions.

The engineers faced another problem. No one knew exactly where Neptune
would be when Voyager arrived. Since its discovery in 1846 the planet has
been observed for less than one full orbit.

“Qur uncertainty over its precise location was as high as 5,000 kilometers,”
says navigation team chief Don Gray. “That was unacceptable. Everything
we planned to observe at closest approach might be out of the field of view.”

Here one of the newly discovered moons came into play. Images of it and
Triton in relation to Neptune helped Gray’s team steer Voyager to within 40
kilometers of where they wanted it. “It’s like making a hole in one in London
from Los Angeles,” says Gray.

N THE LATE HOURS of August 24 scientists cluster around monitors in the
imaging area of Building 264 at JPL. Soon Voyager will cross through the
plane of Neptune’s rings. This dusty, debris-laden zone is the most peril-
ous passage. Most of the ring dust is the size of cigarette-smoke particles.

But even a BB-size particle met at Voyager’s speed could be disabling.

Just before midnight, signals that have taken four hours to reach Earth indi-
cate a barrage of impacts—as many as Voyager encountered at Saturn. Then,
suddenly, there is abrupt radio silence. This shutdown is intentional, how-
ever. Voyager will soon skim Neptune at 4,900 kilometers and swing into
a communications shadow behind the planet before its rendezvous with Tri-
ton. Its last encounter will be its most revealing. In the past few days Voyager
has already told us that Triton is not swathed in clouds. Its atmosphere —if
it exists—is thin and transparent. It also appears colder than expected —45
degrees C above absolute zero. Dale Cruikshank’s (Continued on page 45)
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Violent weather came as a
surprise on a planet so far from
the sun. Neptune was known to
have clouds, but no one ex-
pected winds of 2,000 kilome-
ters an hour. A high-pressure
system the size of Earth, the
Great Dark Spot changes shape
as it stretches and contracts.
Winds racing around the planet
are deflected upward by the
storm, creating rapidly chang-
ing companion clouds—as seen
in three images taken over a
36-hour period (right). Toward
the south pole, a smaller storm
called D2 (bottom left) often
brightens with clouds brought
up by convection from the
deeper atmosphere. Wind
speeds vary with latitude; D2
“changes lanes,” rushing or
slowing its journey around

the planet.

North of the equator, white
clouds of methane ice (below)
cast blue shadows on the cloud
deck 50 kilometers below.

Neptune: Voyager’s Last Picture Show




“The images returned this morning revealed a world unlike any we’ve ever seen.”
Chief scientist Edward Stone expressed the team’s astonishment as Triton came
into view. Arriving during late spring in the satellite’s southern hemisphere,
Voyager found the coldest body in the solar system, minus 235°C (-391°F). At this
temperature its water-ice crust is granite hard. Its steeply inclined orbit creates
long seasons as Triton circles the sun with Neptune every 165 years. The south
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polar ice cap—mostly frozen nitrogen—will continue to evaporate and migrate to
the north pole for 60 years. A retrograde orbit suggests Triton could have been a
Pluto-like planet that was captured by Neptune. Tidal forces caused by gravity
may have triggered eruptions of slushy ice into a network of faults on the “canta-
loupe” terrain at upper left. Smooth plains at upper right were possibly flooded
by similar material. The blue tint in this 22-image mosaic is exaggerated.

ptune: Voyager’s Last Picture Show




Scars of a tortured past mark
Triton. Ice volcanism is the
favored theory for its young,
bright surface. “Lavas” of water
ice, mixed perhaps with ammonia,
likely flowed from caldera-like
features (left). A computer-
generated perspective of that
scene (below) looks down 200
meters (650 feet) into a basin
200 kilometers across.

Proof of ongoing activity: A
plume of nitrogen and dark parti-
cles (right) shoots eight kilome-
ters high before winds carry it
150 kilometers. Wearing bright
halos, dark shapes as wide as 100
kilometers (below left) appear
to be recent, though they lie on
Triton’s oldest terrain.
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