


ASTRONOMICAL DATA

' NASA’s Never-Ending Mission

Discoveries in the solar system often result from a second or
third look at old spacecraft data and sometimes provide
startling insight into the character of moons and planets.

speak. Within the archives of the

institution a small mountain of
information sits largely unexam-
ined, waiting to share its secrets.
The NASA archives hold ware-
houses full of magnetic tapes and
rooms full of CD-ROM disks con-
taining billions of bytes of data
from planetary science missions,
much of which has never been
thoroughly explored. The problem
is time and money: scientists re-

If only the walls at NASA could

PLUMES OF VOLCANIC ASH lie silhou-
etted against black space along the
limb of Jupiter's moon lo. VYolcanic ac-
tivity was recorded in data from Voy-
ager (below), but noticed long after the
spacecraft encounter. NASA photos.

By John Williams

ceive only so much funding and
have only so much time. It is an
enviable situation — possessing
too much data to handle.

This condition points up a curi-
ous aspect of science. Discoveries
sometimes wait until second or
third or fourth looks at the data,
and they often involve more than a
little human intuition, ingenuity
and, yes, luck. Let’s ride along on
four spacecraft missions to Venus,
Jupiter, Neptune, and Saturn, and
look at the nature of the discover-
ies scientists made both during and
after the fact.

Spark of Controversy

All space missions produce a
mountain of data. Much of this
data fits neatly into existing theo-
ries. However, some new ideas
spark controversies requiring the
defenders to go back and re-exam-
ine their data to prove their points.
That's how science works. Chris
Russell of UCLA, Joe Grebowsky of
the Goddard Space Flight Center,
Bob Strangeway of NASA, and
D.A. Gurnett of the University of
lowa think science is working well
at Venus.

The history of spacecraft explo-
ration of Venus is full of exciting,
immediate discoveries. Little was
known about this cloud-cloaked
sister world until spacecraft first
visited it in the 1960s. The Mariner
5 spacecraft discovered in 1967
that the Venusian atmosphere was
an incredibly high-pressure envi-
ronment dominated by carbon
dioxide. Soviet spacecraft mea-
sured temperatures hot enough to
melt lead and zinc. In 1975 two
Soviet Venera craft sent hack the
first pictures of the surface of
Venus, revealing a rocky desertlike
world with boulders up to 33 feet
ACross.

Three years later, Soviet Venera
11 and 12 spacecraft and probes
detected electromagnetic waves
and flashes that appeared similar to
lightning on Earth. In the same
year, Pioneer Venus detected simi-
lar signals when it started its map-
ping and observing mission.

Lightning on Earth occurs when
air particles ionize due to the pres-
ence of strong electric fields. The
ionization creates a channel from
an area of high charge to low
charge, and — Flash! BOOM! —
electricity zaps between the two
points, usually the sky and the
ground but sometimes from cloud
to cloud. Lightning has been dis-
covered on Jupiter, Saturn, Uranus,
and recently Neptune. But does
lightning exist on Venus? The an-
swer lies in the mass of data re-
turned by the Pioneer Venus
spacecraft.

Today Russell and the other sci-
entists are busy working with the
data collected by the Pioneer
Venus Orbiter, one of the four craft
launched in 1978. Echoes of the
mission continue to spark contro-
versy. From the moment the probe
touched down, Russell was certain
that the magnetometer on board
had detected lightning on Venus.
Not everyone was convinced. Gre-
bowsky is searching through the
Pioneer Venus data hoping to
show that something near the
spacecraft produced the curious Pi-
oneer Venus data. Grebowsky does
not dispute the existence of light-
ning on Venus, but he doesn’t be-
lieve it is the cause of all the
electrical discharges that show up
in the Pioneer Venus data.

Grebowsky’s local events re-
semble aurorae on Earth. The ef-
fects take place in the plasma of
Venus’ ionosphere instead of the
atmosphere. Something is moving
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the plasma, Grebowsky explains,
and the electromagnetic waves
launched from lightning bolts lack
the energy to produce what the as-
tronomers see in the data. He spec-
ulates the plasma’s movement is
caused by cross currents along the
planet’'s magnetic field lines. A
charge builds up and launches the
100-hertz bursts observed by the
spacecraft.

Strangeway, principal investiga-
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LIGHTNING ON VENUS, visible as rip-
ples in this magnetogram, seems to
have been recorded in the data col-
lected by Galileo (left). Magnetogram
courtesy D.A. Gurnett.

tor of Pioneer Venus' plasma wave
experiment, agrees with Russell
and maintains that the evidence
supports lightning. “We know what
lightning sounds like on Earth. On
Venus we're trying to deduce
whether or not this is lightning
seen from a distance.”

Meanwhile, the Galileo space-
craft, en route to Jupiter, is adding
fuel to the fire. During its en-
counter with Venus in February
1990, the spacecraft recorded the
whine, pop, and hiss of something
that sounds like lightning, accord-
ing to Gurnett, principal investiga-
tor of the craft’s plasma wave
package.

Galileo zipped by the planet at
a distance of 19,000 kilometers
(11,900 miles), and its sensitive an-
tenna detected several bursts. The

signals it picked up punched right
through Venus' ionosphere and re-
sembled static on a car radio dur-
ing a terrestrial lightning storm. In
contrast, Pioneer Venus' Very Low
Frequency (VLF) antenna — a
product of earlier technology —
picked up only whistlers. Whistlers
are very-low-frequency radio
waves (hal propagate along mag-
netic field lines. They are probably
not caused by lightning.

With his long history of work on
the teams that detected lightning at
Jupiter, Saturn, Uranus, and Nep-
tune, Gurnett doubts Galileo’s data
will settle the 13-year-old debate.
He says the craft was just too far
away to gather completely believ-
able data about lightning on
Venus.

Therefore, scientists will be
combing the much greater volume
of the 13-year-old data. “Because
data is old does not lessen its
value,” says Strangeway. “Lots of
knowledge emerges well after the
data has been acquired. Pioneer
Venus represents an extremely
valuable database that will remain
useful for years to come.”

A Hot Slice of Pizza

It looks just like a pepperoni
pizza! That was the initial thought
of scientists after their first close
look at lo, one of the four Galilean
moons of Jupiter. As Voyager 1
flew past lo, some scientists went
out on a limb by proclaiming the
surface features appeared to be
much younger than the four billion
years previously believed. These
scientists believed features on the
landscape of lo could be as young
as one million years.

The immediate science at lo was
startling enough. lo was known to
be the strangely different Jovian
moon: unlike the others, it orbits
within an ionized plasma torus and
receives a continuous bombard-
ment of charged particles from
Jupiter. Voyager revealed lo's land-
scape as a young world devoid of
water but covered with yellow and
orange blotches and pockmarked
with black. Its surface resembled a
crispy pepperoni pizza. “The initial
discoveries at Jupiter shook entire
points of view,” says Candy
Hansen, a member of Voyager's
imaging team. “lo’s surface was so
dramatic, like nothing we planned
on seeing.”

But a later look at an image
showed a faint splotch off lo’s
limb, barely brighter than the inky
black background. The image



wasn’t a good one, but the grainy
frame made history. It showed a
plume of material shooting away
from a volcano near lo's limb. lo
had active volcanos, which ex-
plained the young landscape fea-
tures and splotchy surface.

The second look at lo proved to
be the key. “We probably would
have found the volcanos eventu-
ally,” Hansen says, “but in real
time the eruptions just blended
into the background. It wasn’t until
we enhanced the image and
brought the plume out of the back-
ground noise that we got our first
good look at a volcano on lo.”

After closely examining the
frames, the astronomers found
eight plumes spitting material 43 to
175 miles into space. Voyager 1's
discovery sent controllers scram-
bling to change Voyager 2's trajec-
tory to further study the eruptive
moon. When Voyager 2 zipped
through the Galilean system four
months later, six of the volcanos
were still erupting and two more
had started. lo was turning itself in-
side out at an astonishing rate. Vi-
olent eruptions occur only rarely
on Earth, but Jupiter and its mini-
solar system’s constant gravita-
tional tug of war make it an
everyday affair on lo.

Shaken Points of View
Because of its distance, scien-
tists knew very little about Neptune
and its moons prior to the Voyager
2 encounter in 1989. As the space-
craft approached the distant world

VOLCANIC OUTGASSING ON TRITON
lurked in the Voyager data until scien-
tists interpreted what they were seeing.
NASA photos.

the astronomers saw little in the
way of detail: Neptune appeared
as a blue disk with its largest
moon, Triton, close by. Triton be-
came the focus of interest because
it was so large and also because it
might, some scientists believed,
have unusual or active surface fea-
tures. Chief among these was the
existence of an atmosphere. As the
spacecraft drew nearer, however,
accurate temperature measure-
ments showed the moon’s surface
was only 40K above absolute zero.
This made it the coldest body in
the solar system. Scientists’ hopes
for surface activity plummeted with
the temperature.

Once again, the immediate sci-
ence at Triton left astronomers
breathless. Those working on the
Voyager imaging team were taken
by surprise with the first closeup
images. Cold or not, the moon’s
highly variegated surface told a
tale of geologic activity. Among

the features were mysterious
streaks indicating that some types
of exotic processes had occurred
on Triton. What was even more
unusual was that the streaks ap-
peared to be in an area that would
periodically be resurfaced due to
the sublimation of polar ice on
Triton. This meant that the streaks
must have appeared recently, after
the ice sublimated. Much to their
surprise, scientists found them-
selves wondering, could active
volcanic processes be occurring
on the coldest body in the solar
system?

“When we saw the streaks, it
was an exciting possibility,” says
Laurence Soderblom, deputy direc-
tor of the Voyager imaging team. “I
strongly suspected something was
going on, but the odds were pretty
slim that we’d actually see active
geysers.” Yet the Voyager imaging
team made second, third, and
fourth looks through the data and
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carefully analyzed frames, finding
evidence of plumes on Triton. “Af-
ter we saw the plumes were active,
we then spent the next week trying
to convince ourselves that it wasn't
some artifact that could be fooling
us,” says Soderblom.

Indeed, the search through the
data hasn’t ended here. Two hypo-
theses have emerged to explain
these phenomena: geysers — like
Old Faithful on Earth — or dust
devils. The dynamics of the erup-
tion or atmospheric effects must be
characterized, plotted, and docu-
menled, which might solve the de-
bate. That means a thorough
search through the 27,000 images
collected at Neptune.

“No one anticipated the types
of bizarre phenomena that we see
occurring,” Soderblom confesses.
“Most scientific thinking was that
the farther out vou got, the greater
the liklihood energy sources would
go down. Eventually you would
get into very lifeless, quiescent en-
vironments where nothing would
happen for billions of years. But in-
stead we found that the coldest ob-
ject in the solar system is
incredibly active.”

Hide and Seek in the Rings

Perhaps the most ambitious use
of data resulted from the work of
two scientists searching through
the mass of material returned by
the Voyager spacecraft from Sat-
urn. Due to the gravitational be-
havior of Saturn’s moons and rings,
Mark Showalter and Jeif Cuzzi of
NASA's Ames Research Center be-
lieved that the planet had an
undiscovered 18th moon. The two
believed such a moon might be
hiding in Encke’s gap. Determined
to find the moon, Showalter wrote
a computer program to sift through
the nearly 30,000 Voyager images
of Saturn for the frames that might
reveal the moon.

The immediate science at Sat-
urn had been no less than spectac-
ular. The Voyager spacecraft
imaged six previously unknown
moons and discovered that Sat-
urn’s rings were composed of in-
numerable ringlets locked in orbit,
that there are dark, spokelike fea-
tures in the B Ring, and that the
moon Titan's atmosphere was pre-
dominantly nitrogen. Yet the ques-
tion of anather unknown moon
nagged at Showalter and Cuzzi.

But not for long. Their computer
search paid off handsomely. “Moon
number 18 was in the first im-
age | looked at, exactly where




we expected it,” Showalter
says. “| remember being so
excited | worked through the
Fourth of July.” Provisionally
designated 1981513 and
later named Pan, the 18th
moon was discovered on
July 2, 1990. Pan is the
smallest moon yet discov-
ered around the giant
ringed planet.

For Cuzzi, the Ames
scientist who predicted the
moon’s location, the rings
are terra incognita. “The
data on the rings represent
an unexplored wilderness
that we're just now starting
to poke our way through,”
he says. “Unguestionably
many of the big discover-
ies at Saturn came right
away, but we can’t forget
that storehouses of infor-
mation subtly hide in the
data, and it takes great ef-
fort to dig it out.”

Before computers eased
the task, however, search-
ing for moons was time-
consuming, miserable work.
To get an idea, imagine
staring at lots of grainy im-
ages with thousands of
rings, enhancing one, and
staring at it some more in
search of a tiny bright spot.
The moon Showalter found
did not even occupy one
complete pixel, one of the
640,000 tiny blocks that
make up a single Voyager
image. Pan is a mere 20 kilometers
across, just under Voyager's resolu-
tion of 30 kilometers.

Showalter's task was simplified
by recent advances in imaging and
storage technology. Almost all of
the U.S. space science information
is stored on magnetic tape at
NASA facilities and universities.
Recently, CD-ROM technology
has allowed easy, instant access to
images for study and enhance-
ment. A two-month process now
requires a mere 30 minutes. The
long and laborious process of get-
ting data on m agnetic tapes has
been replaced by an instant pro-
cess thanks to CD-ROM-equipped
compulers.

Where will this newfound tech-
nology lead planetary astronomers?
“I'm sure there will be a huge ren-
aissance of looking at Voyager data
when Galileo gets to Jupiter,” pre-
dicts Candy Hansen. “The analysis
will go on and on and on. We now
have a historical record over the

SATURN’S EIGHTEENTH MOON lay
hidden in the planet’s rings until a
computer program separated the sus-
pected speck from the tangle of Voy-
ager data. NASA photos.

long term that will be compared to
what the Galileo craft sees. The
same thing will happen as space-
craft like CRAF-Cassini and the
Hubble Space Telescope take more
and more planetary data. We'll
compare the old stuff with the
new, and that will lead to more
discoveries.”

When we return to the planets
with a second round of spacecraft,
scientists will rush to review the
old data — to chart changes in at-
mos-pheres, magnetic fields and
satellite geology. Over time, armed
with a growing historical database,
scientists will begin to piece to-
gether an overall picture of the so-
lar system in its historical,

evolutionary context. They will
compare changes over time — a
necessary step in refining theories
about the solar system'’s origin and
the Sun’s place in the Galaxy. O

John Williams is a freelance writer
living in Kansas City, Missouri. His
last article was “Built to Last” (De-
cember 1990).
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