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RELEASE:
MARS POLAR LANDER, DEEP SPACE 2 SET FOR ARRIVAL

NASA returns to the surface of Mars on December 3 with a spacecraft that will land on
the frigid, windswept steppe near the edge of Mars' south polar cap. Piggybacking on the lander
are two small probes that will smash into the Martian surface to test new technologies.

The lander mission is the second installment in NASA's long-term program of robotic
exploration of Mars, which was initiated with the 1996 launches of the currently orbiting Mars
Global Surveyor and the Mars Pathfinder lander and rover, and included the recently lost Mars
Climate Orbiter.

Mars Polar Lander will advance our understanding of Mars' current water resources by
digging into the enigmatic layered terrain near one of its poles for the first time. Instruments on
the lander will analyze surface materials, frost, weather patterns and interactions between the
surface and atmosphere to better understand how the climate of Mars has changed over time.

Polar Lander carries a pair of basketball-sized microprobes that will be released as the
lander approaches Mars and dive toward the planet's surface, penetrating up to about 3 feet (1
meter) underground to test 10 new technologies, including a science instrument to search for
traces of water ice. The microprobe project, called Deep Space 2, is part of NASA's New
Millennium Program.

A key scientific objective of the two missions is to determine how the climate of Mars
has changed over time and where water, in particular, resides on Mars today. Water once flowed
on Mars, but where did it go? Clues may be found in the geologic record provided by the polar
layered terrain, whose alternating bands of color seem to contain different mixtures of dust and
ice. Like growth rings of trees, these layered geological bands may help reveal the secret past of
climate change on Mars and help determine whether it was driven by a catastrophic change,
episodic variations or merely a gradual evolution in the planet's environment.

Today the Martian atmosphere is so thin and cold that it does not rain; liquid water does
not last on the surface, but quickly freezes into ice or evaporates into the atmosphere. The tem-
porary polar frosts which advance and retreat with the seasons are made mostly of condensed
carbon dioxide, the major constituent of the Martian atmosphere. But the planet also hosts both
water-ice clouds and dust storms, the latter ranging in scale from local to global. If typical
amounts of atmospheric dust and water were concentrated today in the polar regions, they
might deposit a fine layer every year, so that the top yard (or meter) of the polar layered terrains
could be a well-preserved record showing 100,000 years of Martian geology and climatology.

The lander and microprobes will arrive December 3, 1999. They are aimed toward a
target sector within the edge of the layered terrain near Mars' south pole. The exact landing site
coordinates were selected in August 1999, based on images and altimeter data from the current-
ly orbiting Mars Global Surveyor.



Like Mars Pathfinder, Polar Lander will dive directly into the Martian atmosphere,
using an aeroshell and parachute scaled down from Pathfinder's design to slow its initial
descent. The smaller Polar Lander will not use airbags, but instead will rely on onboard guid-
ance and retro-rockets to land softly on the layered terrain near the south polar cap a few weeks
after the seasonal carbon dioxide frosts have disappeared. After the heat shield is jettisoned, a
camera will take a series of pictures of the landing site as the spacecraft descends. These are
recorded onboard and transmitted to Earth after landing.

As the lander approaches Mars about 10 minutes before touchdown, the two Deep
Space 2 microprobes are released. Once released, the projectiles will collect atmospheric data
before they crash at about 400 miles per hour (200 meters per second) and bury themselves
beneath the Martian surface. The microprobes will test the ability of very small spacecraft to
deploy future instruments for soil sampling, meteorology and seismic monitoring. A key instru-
ment will draw a tiny soil sample into a chamber, heat it and use a miniature laser to look for
signs of vaporized water ice.

About 35 miles (60 kilometers) away from the microprobe impact sites, Mars Polar
Lander will dig into the top of the terrain using a 6-1/2-foot-long (2-meter) robotic arm. A cam-
era mounted on the robotic arm will image the walls of the trench, viewing the texture of the
surface material and looking for fine-scale layering. The robotic arm will also deliver soil sam-
ples to a thermal and evolved gas analyzer, an instrument that will heat the samples to detect
water and carbon dioxide. An onboard weather station will take daily readings of wind tempera-
ture and pressure, and seek traces of water vapor. A stereo imager perched atop a 5-foot (1.5-
meter) mast will photograph the landscape surrounding the spacecraft. All of these instruments
are part of an integrated science payload called the Mars Volatiles and Climate Surveyor.

Also onboard the lander is a light detection and ranging (lidar) experiment provided by
Russia's Space Research Institute. The instrument will detect and determine the altitude of
atmospheric dust hazes and ice clouds above the lander. Inside the instrument is a small micro-
phone, furnished by the Planetary Society, Pasadena, CA, which will record the sounds of wind
gusts, blowing dust and mechanical operations onboard the spacecraft itself.

The lander is expected to operate on the surface for 60 to 90 Martian days through the
planet's southern summer (a Martian day is 24 hours, 37 minutes). The mission will continue
until the spacecraft can no longer protect itself from the cold and dark of lengthening nights and
the return of the Martian seasonal polar frosts.

Mars Polar Lander and Deep Space 2 are managed by the Jet Propulsion Laboratory for
NASA's Office of Space Science, Washington, DC. Lockheed Martin Astronautics Inc., Denver,
CO, is the agency's industrial partner for development and operation of the orbiter and lander
spacecraft. JPL designed and built the Deep Space 2 microprobes. JPL is a division of the
California Institute of Technology, Pasadena, CA.

[End of General Release]
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Media Services Information

NASA Television Transmission

NASA Television is broadcast on the satellite GE-2, transponder 9C, C band, 85 degrees
west longitude, frequency 3880.0 MHz, vertical polarization, audio monaural at 6.8 MHz. The
schedule for Mars arrival television transmissions will be available from the Jet Propulsion
Laboratory, Pasadena, CA; Johnson Space Center, Houston, TX; Kennedy Space Center, FL,
and NASA Headquarters, Washington, DC.

Status Reports

Status reports on mission activities will be issued by the Jet Propulsion Laboratory's
Media Relations Office. They may be accessed online as noted below. Audio status reports are
available by calling (800) 391-6654.

Landing Media Credentialing

The Jet Propulsion Laboratory will operate a newsroom with facilities for journalists
and broadcast crews from November 29 to December 10, 1999. Requests to cover the Mars
Polar Lander and Deep Space 2 arrival must be faxed in advance to the JPL newsroom at (818
354-4537. Requests must be on the letterhead of the news organization and must specify the
editor making the assignment to cover the launch. Reporters may also make arrangements to
cover subsequent science operations at the University of California at Los Angeles.

Briefings

An extensive schedule of news and background briefings will be held at JPL during the
landing period, with later briefings originating jointly from JPL and UCLA. A schedule of
briefings is available on the Internet at JPL’s Mars News site (below).

Internet Information

Extensive information on Mars Polar Lander and Deep Space 2, including an electronic
copy of this press kit, press releases, fact sheets, status reports, briefing schedule and images, is
available from the Jet Propulsion Laboratory's Mars News web site at
http://www.jpl.nasa.gov/marsnews . The Mars program also maintains a home page at
http://marslander.jpl.nasa.gov/ .



Quick Facts

Mars Polar Lander

Dimensions: 3-1/2 feet (1.06 meters) tall by 12 feet (3.6 meters) wide

Weight: 1,270 Ibs (576 kg) total, consisting of 639-1b (290-kg) lander plus 141 Ibs (64 kg) propellant,
181-1b (82-kg) cruise stage, 309-1b (140-kg) aeroshell and heat shield

Science instruments: Mars Volatiles and Climate Surveyor (integrated package with surface imager,
robotic arm with camera, meteorology package, and thermal and evolved gas analyzer); Mars
Descent Imager; Lidar (including Mars microphone)

Power: Solar panels providing 200 watts on Mars’ surface

Launch date: January 3, 1999

Earth-Mars distance at launch: 136.6 million miles (219.9 million km)

Earth-Mars distance at arrival: 157.2 million miles (253 million km)

One-way speed of light time Mars to Earth on landing day: 14 minutes, 4 seconds

Total distance traveled Earth to Mars: 470 million miles (757 million km)

Mars landing: December 3, 1999, at 12:01 p.m. Pacific Standard Time (actual event time in outer
space; signals confirming flight events would be received on Earth about 14 minutes later)

Landing site: 76 degrees south latitude, 195 degrees west longitude, about 500 miles (800 km) from
Mars’ south pole

Estimated temperature at landing site: -73 F (-58 C)

Primary mission period: December 3, 1999 - March 1, 2000

Mars ’98 Project

Mars Polar Lander cost: $110M spacecraft development, $10M mission operations; total $120 million
(not including launch vehicle or Deep Space 2 microprobes)

Mars Climate Orbiter cost: $80M spacecraft development, $5M mission operations; total $85 million
(not including launch vehicle)

Deep Space 2

Dimensions: aeroshell 11 inches (275 mm) high, 14 inches (350 mm) diameter; enclosing a forebody
(penetrator) 4.2 inches (105.6 mm) long, 1.5 inches (39 mm) diameter; and an aftbody (ground
station) 4.1 in (105.3 mm) high (plus 5-in (127-mm) antenna), 5.3 inches (136 mm) diameter

Weight: forebody 1.5 lbs (670 grams), aftbody 3.8 lbs (1,737 grams), aeroshell 2.6 lbs (1,165 grams);
total 7.9 lbs (3,572 grams)

Power: Two lithium-thionyl chloride batteries providing 600 milliamp-hours each

Science instruments: sample collection/water detection experiment, soil thermal experiment,
atmospheric descent accelerometer, impact accelerometer

Technologies: Total of 10 new technologies being flight-tested

Impact: December 3, 1999, at approximately 12:01 p.m. Pacific Standard Time (actual event
time in outer space)

Estimated distance of probe impacts from Polar Lander: About 35 miles (60 km) northwest (1 degree
north, 1 degree west of the lander)

Estimated distance of probe impacts from each other: Roughly 1 mile (2 km)

Duration of mission: 1 to 2 days

Cost: pre-launch development $28M, data analysis $1.6M; total $29.6 million



Mars at a Glance

General

U One of five planets known to ancients; Mars was Roman god of war, agriculture and the state
U Reddish color; occasionally the 3rd brightest object in night sky after the Moon and Venus

Physical Characteristics

U Average diameter 4,217 miles (6,780 kilometers); about half the size of Earth, but twice the size of
Earth’s Moon

U Same land area as Earth

U Mass 1/10th of Earth’s; gravity only 38 percent as strong as Earth’s

U Density 3.9 times greater than water (compared to Earth’s 5.5 times greater than water)

U No planet-wide magnetic field detected; only localized ancient remnant fields in various regions

Orbit

U Fourth planet from the Sun, the next beyond Earth

U About 1.5 times farther from the Sun than Earth is

U Orbit elliptical; distance from Sun varies from a minimum of 128.4 million miles (206.7 million kilo-
meters) to a maximum of 154.8 million miles (249.2 million kilometers); average distance from Sun,
141.5 million miles (227.7 million kilometers)

U Revolves around Sun once every 687 Earth days

U Rotation period (length of day) 24 hours, 37 min, 23 sec (1.026 Earth days)

U Poles tilted 25 degrees, creating seasons similar to Earth’s

Environment

U Atmosphere composed chiefly of carbon dioxide (95.3%), nitrogen (2.7%) and argon (1.6%)

U Surface atmospheric pressure less than 1/100th that of Earth’s average

U Surface winds up to 80 miles per hour (40 meters per second)

U Local, regional and global dust storms; also whirlwinds called dust devils

U Surface temperature averages -64 F (-53 C); varies from -199 F (-128 C) during polar night to 80 F
(27 C) at equator during midday at closest point in orbit to Sun

Features

U Highest point is Olympus Mons, a huge shield volcano about 16 miles (26 kilometers) high and 370
miles (600 kilometers ) across; has about the same area as Arizona

U Canyon system of Valles Marineris is largest and deepest known in solar system; extends more than
2,500 miles (4,000 kilometers) and has 3 to 6 miles (5 to 10 kilometers) relief from floors to tops of sur-
rounding plateaus

U “Canals” observed by Giovanni Schiaparelli and Percival Lowell about 100 years ago were a visual
illusion in which dark areas appeared connected by lines. The Mariner 9 and Viking missions of the
1970s, however, established that Mars has channels possibly cut by ancient rivers

Moons

U Two irregularly shaped moons, each only a few kilometers wide
U Larger moon named Phobos (“fear”); smaller is Deimos (“terror”), named for attributes personified in
Greek mythology as sons of the god of war



Historical Mars Missions

Mission, Country, Launch Date, Purpose, Results

[Unnamed], USSR, 10/10/60, Mars flyby, did not reach Earth orbit

[Unnamed], USSR, 10/14/60, Mars flyby, did not reach Earth orbit

[Unnamed], USSR, 10/24/62, Mars flyby, achieved Earth orbit only

Mars 1, USSR, 11/1/62, Mars flyby, radio failed at 65.9 million miles (106 million km)

[Unnamed], USSR, 11/4/62, Mars flyby, achieved Earth orbit only

Mariner 3, U.S., 11/5/64, Mars flyby, shroud failed to jettison

Mariner 4, U.S. 11/28/64, first successful Mars flyby 7/14/65, returned 21 photos

Zond 2, USSR, 11/30/64, Mars flyby, passed Mars but radio failed, returned no planetary data

Mariner 6, U.S., 2/24/69, Mars flyby 7/31/69, returned 75 photos

Mariner 7, U.S., 3/27/69, Mars flyby 8/5/69, returned 126 photos

Mariner 8, U.S., 5/8/71, Mars orbiter, failed during launch

Kosmos 419, USSR, 5/10/71, Mars lander, achieved Earth orbit only

Mars 2, USSR, 5/19/71, Mars orbiter/lander arrived 11/27/71, no useful data, lander destroyed

Mars 3, USSR, 5/28/71, Mars orbiter/lander, arrived 12/3/71, some data and few photos

Mariner 9, U.S., 5/30/71, Mars orbiter, in orbit 11/13/71 to 10/27/72, returned 7,329 photos

Mars 4, USSR, 7/21/73, failed Mars orbiter, flew past Mars 2/10/74

Mars 5, USSR, 7/25/73, Mars orbiter, arrived 2/12/74, lasted a few days

Mars 6, USSR, 8/5/73, Mars orbiter/lander, arrived 3/12/74, little data return

Mars 7, USSR, 8/9/73, Mars orbiter/lander, arrived 3/9/74, little data return

Viking 1, U.S., 8/20/75, Mars orbiter/lander, orbit 6/19/76-1980, lander 7/20/76-1982

Viking 2, U.S., 9/9/75, Mars orbiter/lander, orbit 8/7/76-1987, lander 9/3/76-1980;
combined, the Viking orbiters and landers returned 50,000+ photos

Phobos 1, USSR, 7/7/88, Mars/Phobos orbiter/lander, lost 8/89 en route to Mars

Phobos 2, USSR, 7/12/88, Mars/Phobos orbiter/lander, lost 3/89 near Phobos

Mars Observer, U.S., 9/25/92, lost just before Mars arrival 8/21/93

Mars Global Surveyor, U.S., 11/7/96, Mars orbiter, arrived 9/12/97, currently conducting
prime mission of science mapping

Mars 96, Russia, 11/16/96, orbiter and landers, launch vehicle failed

Mars Pathfinder, U.S., 12/4/96, Mars lander and rover, landed 7/4/97, last transmission 9/27/97

Nozomi (Planet-B), Japan, 7/4/98, Mars orbiter, currently in orbit around the Sun; Mars arrival
delayed to 12/03 due to propulsion problem

Mars Climate Orbiter, U.S., 12/11/98; lost on arrival at Mars 9/23/99

Mars Polar Lander/Deep Space 2, U.S., 1/3/99, lander/descent probes; lander to set down near
south pole 12/3/99; Deep Space 2 microprobes to smash into surface the same day



Mars, Water and Life

The planet Mars landed in the middle of immense public attention on July 4, 1997,
when Mars Pathfinder touched down on a windswept, rock-laden ancient flood plain. Two
months later, Mars Global Surveyor went into orbit, sending back pictures of towering volca-
noes and gaping chasms at resolutions never before seen.

In December 1999, another lander will arrive at Mars. And every 26 months over the
next decade, when the alignment of Earth and Mars are suitable for launches, still more robotic
spacecraft will join them at the red planet.

These spacecraft carry varied payloads, ranging from cameras and other sensors to
rovers and robotic arms. Some of them have their roots in different NASA programs of science
or technology development. But they all have the goal of understanding Mars better, primarily
by delving into its geology, climate and history.

With the announcement in 1996 by a team of scientists that a meteorite believed to have
come from Mars contained what might be the residue of ancient microbes, public interest
became regalvanized by the possibility of past or present life there. The key to understanding
whether life could have evolved on Mars, many scientists believe, is understanding the history
of water on the planet.

Mars and Life

Mars perhaps first caught public fancy in the late 1870s, when Italian astronomer
Giovanni Schiaparelli reported using a telescope to observe “canali,” or channels, on Mars. A
possible mistranslation of this word as “canals” may have fired the imagination of Percival
Lowell, an American businessman with an interest in astronomy. Lowell founded an observa-
tory in Arizona, where his observations of the red planet convinced him that the canals were
dug by intelligent beings — a view which he energetically promoted for many years.

By the turn of the century, popular songs told of sending messages between Earth and
Mars by way of huge signal mirrors. On the dark side, H.G. Wells’ 1898 novel “The War of the
Worlds” portrayed an invasion of Earth by technologically superior Martians desperate for
water. In the early 1900s novelist Edgar Rice Burroughs, known for the “Tarzan” series, also
entertained young readers with tales of adventures among the exotic inhabitants of Mars, which
he called Barsoom.

Fact began to turn against such imaginings when the first robotic spacecraft were sent to
Mars in the 1960s. Pictures from the first flyby and orbiter missions showed a desolate world,
pockmarked with craters like Earth’s Moon. The first wave of Mars exploration culminated in
the Viking mission, which sent two orbiters and two landers to the planet in 1975. The landers
included experiments that conducted chemical tests in search of life. Most scientists interpreted
the results of these tests as negative, deflating hopes of a world where life is widespread.



The science community had many other reasons for being interested in Mars apart from
searching for life; the next mission on the drawing boards, Mars Observer, concentrated on a
study of the planet’s geology and climate. Over the next 20 years, however, new developments
in studies on Earth came to change the way that scientists thought about life and Mars.

One was the 1996 announcement by a team from Stanford University, NASA’s Johnson
Space Center and Quebec’s McGill University that a meteorite believed to have originated on
Mars contained what might be the fossils of ancient microbes. This rock and other so-called
Mars meteorites discovered on several continents on Earth are believed to have been blasted
away from the red planet by asteroid or meteor impacts. They are thought to come from Mars
because gases trapped in some of the rocks match the composition of Mars’ atmosphere. Not
all scientists agreed with the conclusions of the team announcing the discovery of fossils, but it
reopened the issue of life on Mars.

Other developments that shaped scientists’ thinking included new research on how and
where life thrives on Earth. The fundamental requirements for life as we know it are liquid
water, organic compounds and an energy source for synthesizing complex organic molecules.
Beyond these basics, we do not yet understand the environmental and chemical evolution that
leads to the origin of life. But in recent years it has become increasingly clear that life can
thrive in settings much different from the longheld notion of a tropical soup rich in organic
nutrients.

In the 1980s and 1990s, biologists found that microbial life has an amazing flexibility
for surviving in extreme environments — niches that by turn are extraordinarily hot, or cold, or
dry, or under immense pressures — that would be completely inhospitable to humans or complex
animals. Some scientists even concluded that life may have begun on Earth in heat vents far
under the ocean’s surface.

This in turn had its effect on how scientists thought about Mars. Life might not be so
widespread that it would be found at the foot of a lander spacecraft, but it may have thrived bil-
lions of years ago in an underground thermal spring. Or it might still exist in some form in
niches below the frigid, dry, windswept surface wherever there might be liquid water.

NASA scientists also began to rethink how to look for signs of past or current life on
Mars. In this new view, the markers of life may well be so subtle that the range of test equip-
ment required to detect it would be far too complicated to package onto a spacecraft. It made
more sense to collect samples of Martian rock, soil and air to bring back to Earth, where they
could be subjected to much more extensive laboratory testing with state-of-the-art equipment.

Mars and Water
Mars today is too cold, with an atmosphere that is too thin, to support liquid water on its
surface. Yet scientists who studied images from the Viking orbiters kept encountering features

that appeared to be formed by flowing water — among them deep channels and canyons, and
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even features that appeared to be ancient lake shorelines. Added to this were more recent
observations by Mars Pathfinder and Mars Global Surveyor which suggested widespread flow-
ing water in the planet’s past. Some scientists identified features which they believe appear to
be carved by torrents of water with the force of 10,000 Mississippi Rivers.

There is no general agreement, however, on what form water took on the early Mars.
Two competing views are currently popular in the science community. According to one theo-
ry, Mars was once much warmer and wetter, with a thicker atmosphere; it may well have boast-
ed lakes or oceans, rivers and rain. According to the other theory, Mars was always cold, but
water trapped as underground ice was periodically released when heating caused ice to melt and
gush forth onto the surface.

In either case, the question of what happened to the water remains a mystery. Most sci-
entists do not feel that Mars’ climate change was necessarily caused by a cataclysmic event
such as an asteroid impact that, perhaps, disturbed the planet’s polar orientation or orbit. Many
believe that the demise of flowing water on the surface could have resulted from gradual cli-
mate change over many millennia as the planet lost its atmosphere.

Under either the warmer-and-wetter or the always-cold scenario, Mars must have had a
thicker atmosphere in order to support water that flowed on the surface even only occasionally.
If the planet’s atmosphere became thinner, liquid water would rapidly evaporate. Over time,
carbon dioxide gas reacts with elements in rocks and becomes locked up as a kind of compound
called a carbonate. What’s left of Mars’ atmosphere today is overwhelmingly carbon dioxide.

On Earth, shifting tectonic plates are continually plowing carbonates and other minerals
under the surface; heated by magmas, carbon dioxide is released and spews forth in volcanic
eruptions, replenishing the carbon dioxide in the atmosphere. Although Mars has no known
active volcanoes and there are no signs of fresh lava flows, it had abundant volcanic activity in
its past. However, Mars appears to have no tectonic plates, so a critical link in the process that
leads to carbon dioxide replenishment in Earth’s atmosphere is missing. In short, Mars’ atmos-
phere could have been thinned out over many eons by entrapment of carbon dioxide in rocks
across its surface.

That scenario, however, is just a theory. Regardless of the history and fate of the atmo-
sphere, scientists also do not understand what happened to Mars’ water. Some undoubtedly
must have been lost to space. Water ice has been detected in the permanent cap at Mars’ north
pole, and may exist in the cap at the south pole. But much water is probably trapped under the
surface — either as ice or, if near a heat source, possibly in liquid form well below the surface.

Polar Lander and Future Missions

Mars Polar Lander is designed to help scientists better understand the climate history of
Mars, not to look for life. It does not, for example, contain any biology experiments similar to
the chemistry lab on the Viking landers. However, its focus on Mars’ climate and the role of

water will have an impact on the life question. Water is also important as a resource for eventu-
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al human expeditions to the red planet.

In addition, the currently orbiting Mars Global Surveyor will aid the search for likely
sites for future Mars robotic landers. Scientists are interested in three types of Martian environ-
ments which are potentially most favorable to the emergence and persistence of life. They are:

U Ancient groundwater environments. Early in the planet’s history, liquid water
appears to have been widespread beneath the surface. During the final stages of planetary for -
mation, intense energy was dissipated by meteor impacts. This, along with active volcanoes,
could have created warm groundwater circulation systems favorable for the origin of life.

U Ancient surface water environments. Also during early Martian history, water was
apparently released from subsurface aquifers, flowed across the surface and pooled in low-lying

NASA Programs

Although they are targeted at the same planet, some Mars missions have their roots in different
NASA programs. The following are the programs responsible for U.S. Mars missions in the pre-
sent and recent past:

U Mars Surveyor Program. In 1994, NASA created a program to send spacecraft to the planet
during each launch opportunity every 26 months over the next decade. The first spacecraft under
the program, Mars Global Surveyor, was launched in 1996 and is currently in orbit at the planet.
The Mars Surveyor Program missions in 1998 were Mars Polar Lander and the recently lost Mars
Climate Orbiter, collectively known as the Mars Surveyor '98 project. All of NASA's Mars missions
now planned for the first decade of the next century also fall under this programmatic umbrella. In
order to save costs, a single industrial partner, Lockheed Martin Astronautics, was chosen to build
and operate all of the Mars Surveyor spacecraft over several years. In addition, an ongoing project
office called the Mars Surveyor Operations Project was created at JPL, consolidating management
of mission operations across the multi-year program.

U Discovery Program. Created in 1992, NASA's Discovery Program competitively selects pro-
posals for low-cost solar system exploration missions with highly focused science goals. Mars
Pathfinder was the second mission approved and launched under the Discovery Program.
Originally conceived as an engineering demonstration of a way to deliver a spacecraft to the sur-
face of Mars with a novel approach using airbags to land, the mission evolved to include a science
payload focused primarily on geology.

U New Millennium Program. Technology, rather than science, is at the center of NASA's New
Millennium Program, created in 1994. The goal of the program is to identify and flight-test new
technologies that will enable science missions of the early 21st century. Teams are formed with
partners from government, private industry, academia and the nonprofit sector to develop promis-
ing technologies in spacecraft autonomy, telecommunications, microelectronics, science instru-
ments and mechanical systems. Deep Space 2, the project that is sending two microprobes to pig-
gyback on Mars Polar Lander, is the second mission under New Millennium. In addition to “Deep
Space” missions to the solar system, a series of “Earth Orbiter” missions is also planned to test
new technologies for Earth-observing spacecraft. These missions may also collect science data,
but technology is always at the forefront.
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regions. Evidence of the early climate of Mars and of ancient life, if any, may be preserved in
sedimentary rocks in these environments.

U Modern groundwater environments. Life may have formed at any time, including
recently, in habitats where subsurface water or ice is geothermally heated to create warm
groundwater circulation systems. In addition, life may have survived from an early epoch in
places beneath the surface where liquid water is present today.

These Martian environments can be investigated in several ways. We can get a glimpse
of underground environments by using rovers to explore young craters and what appear to be
the remains of water-eroded channels, and by drilling from lander spacecraft. Sensors on
orbiters will search for the most likely reservoirs of water in these regions.

To investigate these scientific themes, NASA’s Mars program will carry out the follow-
ing implementation strategy for the initial phases of Mars exploration:

Q The Mars orbiters in 1996 and 2001 will provide sufficient information to guide an
early sample return from an ancient groundwater environment.

QO Ancient surface-water environments will be explored in greater depth. When a sam-
ple-return mission is sent to Mars, it is extremely important to be able to identify minerals
formed by water.

U Ancient and modern sites exhibiting evidence of hydrothermal activity will be
studied, followed eventually by efforts to drill as deeply as possible below the surface.

Samples will be collected using rovers capable of extensive searches and of collecting
and storing samples of rock and soil. Sophisticated sensors onboard rovers will help insure that
diverse rock types are collected. Drills capable of reaching several yards (or meters) below the
surface will also be used to analyze subsurface material. It is likely that it will be some time
before space technologies will be able to drill to depths of a half-mile (kilometer) and more to
access subsurface water.

Samples of the Martian atmosphere will also be brought back to Earth. The possible
origin and evolution of life on Mars must be linked to the evolution of its atmosphere.

In 2003 NASA and its international partners will see the first launch of a mission to col-
lect samples and place them in Mars orbit to await their transport back to Earth. A mission in
2005 will include two spacecraft — a lander like the 2003 mission to collect surface samples,
and a French-built orbiter to return both the 2003 and 2005 samples to Earth. A series of at least
three sample return missions similar to this are expected to be carried out over the following
decade.

Even if it turns out that Mars never harbored life, study of the planet can help in under -
standing life on our own. Much of the evidence for the origin of life on Earth has been erased
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Mars Pathfinder Science Highlights

Launched December 4, 1996, Mars Pathfinder landed July 4, 1997, in Ares Vallis, an ancient
flood plain in Mars’ northern hemisphere. The spacecraft deployed a small robotic rover
named Sojourner to study rocks at the landing site. Key science findings included:

U Chemical analyses returned by Mars Pathfinder indicate that some rocks at the landing
site appear to be high in silica, suggesting differentiated parent materials. These rocks are
distinct from the meteorites found on Earth that are thought to be of Martian origin.

U The identification of rounded pebbles and cobbles on the ground, and sockets and pebbles
in some rocks, suggests conglomerates that formed in running water, during a warmer past in
which liquid water was stable.

1 Some rocks at the landing site appear grooved and fluted, suggesting abrasion by sand-
sized particles. Dune-shaped deposits were also found in a trough behind the area of the
landing site known as the Rock Garden, indicating the presence of sand.

U The soil chemistry of the landing site appears to be similar to that of the Viking 1 and 2
landing sites, suggesting that the soil may be a globally deposited unit.

1 Radio tracking of Mars Pathfinder indicates that the radius of the planet's central metallic
core is greater than 800 miles (1,300 kilometers) but less than roughly 1,250 miles (2,000
kilometers).

U Airborne dust is magnetic with each particle about 1 micron in size. Interpretations suggest
the magnetic mineral is maghemite, a very magnetic form of iron oxide, which may have been
freeze-dried on the particles as a stain or cement. The iron may have been leached out of
materials in the planet's crust by an active water cycle.

O Whirlwinds called dust devils were frequently measured by temperature, wind and pres-
sure sensors, suggesting that these gusts are a mechanism for mixing dust into the atmos-
phere.

U Imaging revealed early morning water ice clouds in the lower atmosphere, which evapo-
rate as the atmosphere warms.

U Abrupt temperature fluctuations were recorded in the morning, suggesting that the atmos-
phere is warmed by the planet's surface, with heat convected upwards in small eddies.

U The weather was similar to weather encountered by Viking 1; there were rapid pressure
and temperature variations, downslope winds at night and light winds in general.
Temperatures at the surface were about 18 F (10 C) warmer than those measured by
Viking 1.

U The atmosphere was a pale pink color due to fine dust mixed in the lower atmosphere, as
was seen by Viking. Particle size and shape estimates and the amount of water vapor in the
atmosphere are also similar to Viking observations.
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Mars Global Surveyor Science Highlights

Launched November 7, 1996, Mars Global Surveyor entered orbit around Mars on September 12,
1997, and achieved its final orbit by skimming through the planet’s upper atmosphere in a tech-

nique called aerobraking. The prime science mapping mission began in spring 1999, although the
spacecraft had collected much science data during the aerokbraking period. Key findings include:

U The planet's magnetic field is not globally generated in the planet's core, but is localized in par-
ticular areas of the crust. Multiple magnetic anomalies were detected at various points on the
planet's surface, indicating that magma solidified in an ancient magnetic field as it came up through
the crust and cooled very early in Mars' evolution.

U Mars' very localized magnetic field also creates a new paradigm for the way in which it interacts
with the solar wind, one that is not found with other planets. While Earth, Jupiter and other planets
have large magnetospheres, and planets like Venus have strong ionospheres, Mars' small, local-
ized magnetic fields are likely to produce a much more complicated interaction process as these
fields move with the planet's rotation.

U New temperature data and closeup images of the Martian moon Phobos show its surface is
composed of powdery material at least 3 feet (1 meter) thick, caused by millions of years of mete-
oroid impacts. Measurements of the day and night sides of Phobos show extreme temperature
variations on the sunlit and dark sides of the moon. Highs were measured at 25 F (-4 C) and lows
registered at -170 F (-112 C).

U New images suggest that some areas previously thought to be shorelines of ancient lakes or
oceans do not show landforms expected at shorelines. Some areas of the northern hemisphere
are the flattest terrain yet observed in the solar system, with elevations that vary only a few feet
over many miles, suggesting formation by a sedimentary process.

U An area near the Martian equator was found to have an accumulation of the mineral hematite,
consisting of tiny crystallized grains of iron oxide that on Earth typically originate in standing bodies
of water. The material has been previously detected on Mars in more dispersed concentrations,
and is widely thought to be an important component of the materials that give Mars its red color.

U The spacecraft’s altimeter has given scientists their first global three-dimensional map of the
Martian surface. The instrument’s profiles of the northern ice cap show an often striking surface
topology of canyons and spiral troughs in the polar cap, made of water ice and carbon dioxide ice,
that can reach depths as great as 3,600 feet (1 kilometer) below the surface. Many of the larger
and deeper troughs display a staircase structure, which may ultimately be correlated with seasonal
layering of ice and dust that was observed by NASA's Viking mission orbiters in the late 1970s. At
86.3 degrees north, the highest latitude yet sampled, the cap achieves an elevation of 6,600 to
7,900 feet (1.25 to 1.5 miles, or 2 to 2.5 kilometers) over the surrounding terrain.

U Images reveal much more layering than previously known in the terrain of the south polar
region, where Mars Polar Lander will land on December 3, 1999. Pictures show swirling bands of
eroded, layered rock, reminiscent of the edges of Alaskan ice sheets, and an array of light and
dark mottled patterns blanketing the frigid floor of the south pole. They reveal that Mars Polar
Lander’s target landing zone at about 76 degrees south latitude is more rugged and geologically
diverse than scientists had previously thought.
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by movement of the planet’s crust and by weathering. Fortunately, large areas of Mars’ surface
date back to the very earliest period of planetary evolution — about 4 billion years ago, overlap-
ping the period on Earth when pre-biotic chemical evolution first gave rise to life. Thus, even if
life never developed on Mars, studies of the planet may yield crucial information about the pre-
biotic chemistry that led to life on Earth.

Where to Next?

In 1998, NASA conducted a review of its multi-year Mars program, calling in outside experts to
help evaluate and refine the architecture for the direction of the effort. The review resulted in a
new approach to achieve a series of sample-return missions beginning early in the next decade.
Details are subject to change as plans evolve, but the following are the basic missions foreseen:

O 2001: NASA will launch a lander and orbiter broadly similar to Mars Polar Lander and Mars

Climate Orbiter. The orbiter, equipped with three science instruments, will be the first planetary
spacecraft to be launched from the west coast of the United States. The lander will touch down
near Mars' equator, carrying a spare Mars Pathfinder rover, a robotic arm and several other sci-
ence instruments, including three that will return data in support of eventual human exploration.

U 2003: NASA will begin the series of sample-return missions with launch of a lander and rover
that will search for soil and rock samples and return them to a mini-ascent vehicle that will loft the
samples to Mars orbit. The European Space Agency (ESA), in collaboration with the Italian space
agency (ASI), will provide an orbiter. ASI may also provide a drill and other robotic elements for
landers beginning in this year. NASA's Human Exploration and Development of Space (HEDS)
enterprise may also begin providing science and technology experiments for the large lander. As
early as this year, NASA and the French space agency, CNES, may also launch a "micromission"
spacecraft designed to deliver payloads such as communications/navigation relays, penetrators,
small landers or exploration balloons.

O 2005: NASA and CNES will launch an orbiter, lander and rover on a French-provided Ariane 5
rocket. The lander and rover will search for soil and rock samples, and return them to a mini-
ascent vehicle that will loft the samples to Mars orbit. CNES will provide the orbiter spacecraft that
will retrieve the 2003 and 2005 samples from Mars orbit and return them to Earth in a vehicle pro-
vided by NASA. The samples will reach Earth in 2008. The lander may also carry an ASI-provid-
ed drill and additional payloads, perhaps contributed by ASI, CNES, HEDS or other partners. The
CNES spacecraft will also carry four miniature landers called "netlanders.” In addition, NASA and
CNES may collaborate on two "micromissions."

O 2007-2009: As currently envisioned, NASA's strategy will be to continue to collect samples from
different types of Martian terrain and place them in Mars orbit for later retrieval. In 2007, NASA
would launch another lander, rover and ascent vehicle. NASA and CNES may collaborate on two
more "micromissions," and HEDS may provide more experiments. I