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Voyage of
the Century




Twin unmanned probes have set us on the distant shores of the
outer solar system in a daring 12-year grand tour. Glancing back
as it left Saturn in 1980, Voyager 1 showed us a sight impossible
from Earth—the giant planet’s full shadow across its rings.
Images reprocessed and enhanced especially for this article
reveal truer color and greater detail than ever before.

By BRADFORD A. SMITH
Images by NASA/JET PROPULSION LABORATORY
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Jupiter

A RAGING GIANT, Jupiter in 1979 revealed
atmospheric turbulence far beyond its famed
Great Red Spot. First looks at the moons Io, at
left, and Europa also stunned us all. We had
expected ancient, cratered surfaces. A mottled
blanket of debris from many active volcanoes
gives Io the youngest surface in the solar
system. Europa has the smoothest—most likely
a thin ice crust over a global ocean.

ENHANCED BY CHARLES C. AVIS, JAN R. YOSHIMIZU,
AND TIM J. PARKER, JPL, PASADENA, CALIFORNIA



Neptune

AGITATED despite the cold of minus 200°C,
Neptune in 1989 showed Voyager storms like
those on much warmer Jupiter. False color
enhances a transparent haze, creating a red
rim. White clouds and a circular storm form as
convection shoots hydrocarbon gases up into
colder regions, where they condense into bright

ices. As with Jupiter and Saturn, internal heat
drives Neptune’s turbulence.

Uranus

DAY WAS BREAKING across Uranus as Voyager
2 looked back in 1986 at a planet tipped on its
side, probably by a colossal primordial colli-
sion. Uranus receives only one-fourth the sun-
light Saturn does and hides its atmospheric
features beneath a deep layer of hydrogen; the
geology of its stunning moons stole the show.

ENHANCED AT USGS (ABOVE)




MONTH HAD PASSED
since Voyager 2 had
soared past Nep-
tune. Now the last
of its electronic
images—cres-
cents of the
planet and its great moon, Tri-
ton, suspended together in the
emptiness of space—were com-
ing up on our television monitors
at the Jet Propulsion Laboratory
(JPL). As usual Voyager’s part-
ing shots were among its best.
Soon Voyager 2 would receive a
command from Earth to turn its
cameras off. The eyes that had
shown us the wonders and mys-
teries of our outer solar system
would close forever.

But for now there was still
that haunting pair of crescents.
They turned my thoughts back
12 years to another planet-moon
image, and to a sunny August
morning when I had stood
watching the fiery spectacle of a
giant rocket lifting the spacecraft
from Cape Canaveral. Later that
day, while driving to the airport,
I had tried to imagine what Voy-
ager would see as it sped swiftly
away. Earth and moon. Together
as a double planet. What a spec-
tacular sight that would be.

The spacecraft’s twin, Voy-
ager 1, was scheduled for launch
two weeks after Voyager 2. Per-
haps we could program its on-
board computer to show us that
sight. I called the Voyager sci-
ence office at JPL.

“At this late date? Impossi-
ble!” they replied. But a few
days later, with an enthusiasm
that would grow throughout the
mission, they had figured out
how to do it. And Voyager 1
gave us the first of many new
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perspectives that lay ahead
(facing page). Such flexibility
would become the key to Voyag-
er’s success.

Over the next 12 years the
faces of Jupiter, Saturn, Uranus,
Neptune, and their varied moons
became familiar. Our scientific
concepts of the remote and chem-
ically primitive outer solar
system changed dramatically.
Voyager shattered the dogma
that the worlds of the outer solar
system had been shaped by simi-
lar, predictable, and rather unin-
teresting processes. It showed us
that even the most remote icy
moons insist on being individ-
uals. That the processes that
shaped them were often highly
unlikely events. And that the
solar system, let alone the uni-
verse, was diverse beyond com-
prehension. Voyager challenged
the limits of our imagination.

From our post-Voyager per-
spective, it is truly astounding
how very little we knew about
the outer planets when we
started. We were aware, of
course, of such fundamental
properties as their orbital peri-
ods and their approximate sizes
and masses. Their densities
suggested they were made up
mostly of hydrogen and helium,
but knowledge of their interior
structure was scanty.

We knew that Uranus rolled
along on its side, but we could
only guess the length of its day
and that of Neptune’s. Methane
had been detected in all of the
atmospheres, and both hydrogen
and ammonia had been found in
Jupiter and Saturn. Jupiter alone
was known to possess a magnetic
field and to radiate more energy
than it absorbed from the sun.

Jupiter’s Great Red Spot was
recognized as an enormous anti-
cyclone, but we had seen only a
few cloud features in Saturn’s
atmosphere and none at all on
Uranus and Neptune. We knew
that Titan, a huge moon of Sat-
urn, had an atmosphere contain-
ing methane. We mistakenly
thought that the moons of Jupiter
were nothing more than battered
ice balls.

Only 30 of the 57 satellites
known today had been found at
that time. Saturn was the only
planet known to have rings, and
we had quite acceptable theories
to explain why none of the other
planets could have them.

HE STORY of Voyager
began in the late 1960s
with plans for a series
of missions called the

Outer Planets Grand Tours
(OPGT). We knew that a future
alignment of the outer planets
would give any spacecraft
launched toward Jupiter in 1977
the capability of continuing on
past Saturn and Uranus all the
way out to Neptune.

But OPGT was not to be. In
1972 funding problems forced
NASA to scale down the mission.
Called Mariner Jupiter/Saturn
(MJS), it would visit only those
two planets. But we knew nature
was still on our side. The planets
would still be aligned so that,
once MJS was launched, we
might cajole NASA into letting
us continue the grand tour out
to Neptune.

Inlate 1972 I was selected to
head the imaging team—one of
11 MJS science groups. The
NASA program manager told me
not to contemplate “any changes

National Geographic, August 1990



ENHANCED AT JPL

whatsoever” in the two MJS
camera systems. One of my
team’s first decisions was to
ignore this admonition.

NASA was interested mostly
in the giant planets themselves.
We quickly realized that their
largely ignored satellites were at
least as intriguing. Deputy team
leader Larry Soderblom and
team member Carl Sagan argued
that the surfaces of these satel-
lites, in their cratering history,
would be a Rosetta stone for
understanding the early years of
the outer solar system. Much as
the cratered surface of the moon
helped us appreciate the forces
that shaped the inner solar sys-
tem, the outer satellites would
hold much information in their
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presumably battered crusts. To
understand those surfaces, we
would need the best available
optics on MJS’s cameras. We
would also need more geologists.
In the beginning Soderblom
stood alone.

We persuaded NASA to let us
use spare higher-resolution optics
from a Mariner mission to Venus
and Mercury. Slowly I padded
the team with geologists. One
new team member, Geoff Briggs,
devised options for trajectories
that would let us fly breathtak-
ingly close to as many satellites
as possible.

Still, our trajectory selections
were not without flaws. The best
combinations all had a frustrat-
ing limitation. With only two

spacecraft, and therefore only
two trajectories, it was possible
to get the very highest resolution
imaging of just three —any three,
but only three—of Jupiter’s four
Galilean satellites. One of these
four moons had to be put at the
bottom of our priority list. With
only ground-based observations
to guide us, we made our deci-
sion and relegated tiny Europa to
relative obscurity. Much later,
when Voyager arrived at Jupiter,
we realized that only Io could
have been a poorer choice.

We now know that Europa’s
surface is the smoothest of any
in the solar system. A curious
network of linear and arc-like
cracks stretches across its icy
surface. Beneath may be oceans
of liquid water, oceans kept
warmer by the insulating effect
of the icy crust, oceans thought
to be a possible abode for life
elsewhere in our solar system.

HILE we were still

deliberating over tra-
jectories, the world
received a live report
from a half billion kilometers
away. On December 3, 1973,
Pioneer 10 became the first
spacecraft to reach Jupiter. Most
of the news was exciting. Some
of it was bad—very bad. Jupiter,
we learned, is surrounded by an
enormous belt of intense radia-
tion, so strong that it nearly fried
Pioneer 10 and promised to be
even more menacing to Voyager
—more sophisticated but also
more vulnerable than its prede-
cessor. Suddenly we had a whole
set of new problems. Like many
of Voyager’s other instruments
and subsystems, our cameras
had to be modified. Optical
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glasses and electronic compo-
nents that could withstand
intense radiation exposure had to
be found.

In 1977 Mariner Jupiter/
Saturn—renamed Voyager —was
ready. Voyager 2, taking a longer
and slower track out to Jupiter,
was launched first.

Trouble began almost immedi-
ately. At first the spacecraft
would not settle down. Then the
radio receiver that listens for
commands from Earth died.
Then the backup receiver devel-
oped problems.

But with a cleverness that
never ceased to amaze us, JPL’s
engineers rescued Voyager from
each crisis.

Y THE TIME the space-
craft reached Jupiter,
the crises were no longer
engineering, but intel-

lectual. We didn’t know what to
make of the sights Voyager was
showing us. Eventually we got
used to being surprised. But our
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first glimpses of the intricate,
spaghetti-like cloud structure of
Jupiter with its psychedelic
storm systems threw us into a
state alternating between ecstasy
and despair. How could we ever
hope to understand this turbu-
lent, chaotic atmosphere?

At the same time, the inner-
most Galilean moon, Io, began to
worry us. We had expected its
surface to be heavily cratered
and relatively undisturbed for
four billion years. More than any
other moon, Io’s craters were
going to provide us with the
impact history of the early solar
system. But Io was inexplicably
covered with red sulfur dust and
white sulfur dioxide. We couldn’t
find a single crater. Finally, to
our astonishment, we realized
that this little moon was volcani-
cally alive. Snowfalls of sulfur
settle down on it from explosive
plumes. There isn’t a square
meter of Io’s surface that is more
than a thousand years old.

Just as we thought we were

through with surprises, Voyager
photographed a ring around
Jupiter. We hadn’t even thought
it was worth wasting images to
look for a ring. But two team
members, Toby Owen and
Candy Hansen, argued ada-
mantly for taking one more
shot—just in case. I had forgot-
ten about it until someone came
running in waving the image.

Rings confounded us again at
Saturn. We thought the structure
of its famous ring system would
be simple. The gaps between the
rings would be controlled by
gravitational influences, called
resonances, from Saturn’s major
moons. Since we felt we under-
stood ring dynamics, we planned
to take most of our ring pictures
on the first Voyager flyby. Why
waste time photographing the
rings twice?

Saturn stunned us. What
looked from Earth like empty
gaps in the rings were filled with
little rings. One gap, the Cassini
Division, by itself had more

National Geographic, August 1990



structure than the entire ring
system we can see through the
telescope.

Not all the surprises at Saturn
were happy. I will never forget
that dreadful phone call that
awakened me just hours after we
had celebrated Voyager 2’s suc-
cessful Saturn encounter. Just
minutes after encounter the scan
platform, which points our two
cameras along with other critical
instruments, began to freeze up.
It finally stuck. Valuable Saturn
data were being lost. Even more
disturbing was the future. In
order to get optimal scientific
results at Saturn, we had chosen
a trajectory for Voyager 1 that
had flown it up and away from
the solar system. Voyager 2,
NASA had agreed, could go on
to Uranus and Neptune. Now,
the stuck scan platform was
potentially fatal.

The flight team went into
intensive sessions of computer
analysis. Their virtuoso engineer-
ing and programming eventually
jogged the stuck platform free,
salvaging the mission. Then they
outdid themselves as Voyager
was en route to Uranus, where
the light level is only one-fourth
that at Saturn. Communicating

with the on-board computers,
they gave new instructions to
prevent the blurring of long,
light-gathering exposures taken
at Voyager’s high speed.

E HAD HAD our share
of disappointments.
In what sometimes
seemed like creeping
dementia, an ever increasing
portion of Voyager’s computer
memory became useless during
its 12 years in space. We were
unable to see enough on Saturn’s
moon Iapetus to really under-
stand why that moon has one
bright hemisphere and one dark.

Clouds shrouded Titan’s surface.

Uranus astonished us with its
blandness, earning the undis-
puted title of least photogenic
planet in the entire solar system.

But excitement far surpassed
boredom. So Uranus itself
appeared a bit humdrum and
monotonous. The unexpectedly
weird terrain of its moon Mir-
anda—a satellite that seems
designed by committee—had us
struggling to find ready explana-
tions for an impatient assembly
of journalists and television
commentators, all of whom had
deadlines to meet.
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Instant science, we came to
call it. In explaining the bizarre
geology of novel landscapes, we
gave the impression that we
usually understood what we saw.
I was happy if my instant science
still held up the next day.

History will hold a special
place for Voyager, as it always
does for those very first adven-
turers who have led the way. But
unlike most of history’s great
missions of discovery, Voyager
took us along. Through its magi-
cal eyes, we were there.

A scattered family, the planets
of our solar system were photo-
graphed February 14, 1990, as
Voyager 1 looked back at the
sun from six billion kilometers
away. Earth and Venus appear
as points within narrow-angle
images—dark squares—set into
one wide-angle frame. Mercury
is lost in the sun’s glare. To
display the entire mosaic to
scale using eight-inch-square
prints would require awall a
hundred feet long.

“An unprecedented decade of
discovery,” said Voyager project
scientist Edward Stone (second
from left) of the mission. “For
all of us involved, it was the
journey of a lifetime.”




Exploring the outer solar system /0‘

HEAVENLY ALIGNMENT of planets, I{‘ “‘
occurring once every 176 years, / "
enabled NASA engineers to use '7/‘ -
each planet’s gravity to whip the Voyag- e B 6‘(“ -
ers onward. Unassisted, the trip to Nep- MAGNETOMETER \¢ 7 ‘ -
tune would have taken 18 years longer. ‘ - //

Diverging as planned, Voyager 2 trav-
eled out to Uranus and Neptune, current-
ly the solar system’s most distant planet.
Pluto’s eccentric orbit will keep it inside
Neptune’s until 1999. Still relaying data,
both Voyagers are now searching for the
heliopause, where the sun’s magnetic
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After their plutonium power fades, they
will sail on silently, unseeing. Some
60,000 years out, they should pass
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nuclei on their way to the stars.
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