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Japan is on the way
to Mars, becoming
just the third nation
to travel to our most

interesting planetary
neighbor. Mars is the planet of greatest past and present
interest and, I think, will also be the eventual destination of
human adventurers.
Mars attracted the attention of early telescope observers with
Also it
rotates with nearly exactly the same period as does earth.

its prominent and sometimes changing markings.

What's more, Mars has seasons very similar to Earth with a
blanket of white frost covering first one pole and then the
other. Mars seemed to be Earth's closest planetary cousin,
perhaps even the habitat of alien life!

Indeed, the American astronomer Percival Lowell became
convinced by the end of the last century that Mars once had
been the home of an intelligent race that perished due to
planetary drought, leaving a legacy of dried up canals. His
vivid writings inspired H. G. Wells, Edgar Rice Burroughs, Ray
Bradbury, Arthur Clarke and other pioneers of science fiction
to populate Mars with all manner of beings, hazardous and
otherwise. "Martians" became a lasting component of
worldwide popular culture.

You can imagine the excitement and anticipation in July 1965
when the primitive spacecraft, Mariner 4, of the United States
flew by Mars and collected the first, very poor quality pictures.
I was a junior member of that imaging team and still remember
how strongly the (then) three main US TV networks pressured
us to "Stop hiding the pictures of Mars!" We weren't hiding
them. We were simply trying to develop primitive computer
techniques to make them comprehensible! And what a shock
they were—Mars looked like the Moon with huge barren
craters, not the Earth. What's more, neither magnetic field nor
radiation belts were detected, and the atmospheric pressure
was less than one percent that of Earth. Then, in 1969 Mariner
7 proved that the seasonal white frost at the martian poles was
solid carbon dioxide, not water ice. Mars is not the twin of the
Earth!

Later, the orbiter Mariner 9 (1971-72) mapped fascinating
contradictions, including ancient flood-cut channels winding
through a surface environment now so rarefied that liquid
water is physically impossible. Mars also is home of the
largest volcanic mountains in the Solar System, of canyons far
larger and deeper than the Grand Canyon of Arizona, and of
vast smooth plains underlain by ice. Finally, in 1976, the
Viking landers searched directly for microbial life, pursuing
that centuries old popular dream. But a dream is all that it was-
the surface of Mars is lifeless, although there still could be
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microbes living within ground water deep within the crust
similar to recently-discovered terrestrial bacteria living in deep
ocean volcanic fumaroles.

Then in 1989, scientists on the Soviet orbiting mission Phobos
2 claimed that a small magnetic field was present after all.
Even more surprising, the international team of scientists
working with Phobos 2 (including some of those now working
with Nozomi) deduced that oxygen atoms from the
atmosphere of Mars were being stripped away from Mars by
the solar wind.

One calculation indicated that the entire atmosphere of Mars
could be stripped away within a geologically short time!
Clearly strange thing is going on at Mars!

Puzzling and important Mars's plasma results like those from
Phobos 2 attracted the attention of the world-renown expertise
of the scientists and engineers at ISAS. Furthermore, ISAS'
new M5 launch system could reach Mars with a modest-sized
payload—if everything was designed just right, such as getting
a little extra push from the gravity of the Moon along the way.
Despite its modest size, Planet B carries fourteen
complementary scientific instruments, including five proven
standbys jointly developed with scientists from Canada,
Germany, Sweden and the US. New approaches are included
as well— a lightweight spinning camera led by a Kobe
University team and a novel radio-probing instrument from
Tohoku University that will study the martian surface at night.
Promising young Japanese researchers are being given a
chance along with seasoned veterans.

Meanwhile, the Mars surprises continue. When the US Mars
Global Surveyor (MGS) went into orbit in September 1997
carrying a magnetometer and electrometer (to help map the
magnetic lines of force), the lead magnetometer scientist
announced that they too had detected a small martian
magnetic field. But after several months he changed his
interpretation! Mars has no planetary magnetic field after all.
Instead, Mars displays very strong, local magnetic anomalies,
stronger than anything similar on Earth. Every time MGS
dipped down below the martian ionosphere they detected the
strong local anomalies, presumably caused by intensely
magnetized lava rocks, although we can't tell until the full
magnetic map can be compared with the geological features of
Mars' surface. The great thing is that Nozomi is designed to
map right through that critical altitude, so it should provide an
even richer scientific harvest than had been expected. The
Nozomi Mars story will start to unfold in October 1999.

I can hardly wait!
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I have been honored by ISAS to receive an invitation to
write for the ISAS News on the eve of my departure from
NASA Headquarters. I have been in the service of Space
Science at NASA Headquarters for the last eight years, since
July 1990. This last decade of the 2nd Millennium has seen a
major change in NASA's space exploration enterprise in
preparation for opening of the 3rd Millennium just a few years
away. I have had the privilege to participate making some of
the changes that will bridge the transition from this, the 20th
Century of Air Travel, to the next, the 21st Century of Space
Travel.

At the opening of the 20th Century, humans did not know
how to fly through the air. There had been exploration of the
sky by a small number of inventors using balloons and
unpowered gliders, but the idea of humans flying through the
air on powered machines was almost universally
unimaginable. Even after the Wright brothers had made their
first flight in 1903, they could never have imagined the idea of
a huge Boeing 747 routinely carrying hundreds of passengers
in perfect comfort from New York to Tokyo in less than half a
day.

Now, at the opening of the 21Ist Century it is equally
unimaginable what people will be doing routinely in 2098.
Humans do not know to fly routinely through space. A small
number of explorers have flown in space, but they are the
equivalents of those late 19th Century explorers flying in the
air with balloons and gliders. In the late 19th Century,
commerce and travel occurred over land and sea. In the late
20th Century, commerce and travel occur through the air. In
the late 21st Century, commerce and travel may very well
occur through space.

The last 100 years have seen immense technological
advance. In the 20th Century we learned to make air travel
less expensive, so that it changed from the hobby of the elite to
a tool for everyday commerce. The same will occur in the 21st
Century for space travel. Technological advance will reach a
point sometime in the next 50 years where space travel will
become routine for humans. In the meantime, technological
advance will allow ever more exciting and capable robotic
exploration in our Solar System and beyond. Rather than
human colonies, we can expect to be able to deploy robotic,
self-sustaining colonies on Solar System bodies to conduct
unsupervised exploration based on simple goals provided by
humans.

Information technology will allow the whole public to
experience the remote, robotic adventure as it unfolds almost
as entertainment. This will be necessary in order to gain the
public support required for extensive scientific exploration of
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space. The public will require some more tangible return for
their tax money than just data for their science elite. Rather
than waiting on the internet for the next image to be released
from Mars Pathfinder, they will be able to watch at video rates
through the eyes of the lander as it descends to the surface, and
watch through the eyes of the rover as it traverses across Mars.

We are already set on the technological path to developing
the technology that will allow us to build spacecraft the same
way we now build personal computers. We are currently in
the "mainframe” era of spacecraft development where the
spacecraft consists of a large number of heavy electronic boxes
and hardware connected by bundles of wires. Within ten years
we will have transitioned to the new era where all spacecraft
systems will be realized in a few microelectronic and
micromachine chips with a standard operating system
assembled in a day or two by only a few humans. The
spacecraft will be outfitted for its intended purpose by an
application layer of software and measurement devices, just
the way personal computers are today.

The advance of technology and reduction in complexity and
cost for space exploration has already allowed the participation
by nations other than just the U.S. and Russia--the traditional
two competitors over the last 40 years since the dawn of the
space age. Japan in this decade has blossomed into a mature
space-faring nation of its own, on a par with the United States
and with complete capability for spacecraft and instrument
development, space launch and operations, including space
observatories and scientific missions to the planets. ISAS has
just recently launched Nozomi, a full-fledged, comprehensive
scientific mission to the planet Mars, to be followed soon with
the Lunar-A mission to the Moon with an orbiter and
lander/penetrators, and then Muses-C to return a sample of
the asteroid Nereus to earth. These are ambitious, audacious
missions of which any space-faring nation would be extremely
proud.

NASA is proud and delighted to be a partner with ISAS on
many of its missions. There is a real sense of admiration in
NASA Space Science for the systematic and professional
manner in which the ISAS program of the scientific exploration
of space is carried out. ISAS has been our most consistent and
reliable partner in Space Science. It is my wish for the future
that it should continue so. 1 have taken particular delight
during my tenure as the NASA Associate Administrator for
Space Science with the developing partnership between us. I
have enjoyed a wonderful scientific, cultural and personal
relationship with ISAS and its staff. Thank you.
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