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GENERAL RELEASE:
NASA’S NEXT LEAP IN MARS EXPLORATION NEARS ARRIVAL

As it nears Mars on March 10 a NASA spacecraft designed to examine the red planet in
unprecedented detail from low orbit will point its main thrusters forward then fire them to
slow itself enough for Mars’ gravity to grab it into orbit.

Ground controllers for Mars Reconnaissance Orbiter expect a signal shortly after 1:24
p.m. (Pacific Time) that this mission-critical engine burn has begun. However, the burn
will end during a suspenseful half hour with the spacecraft behind Mars and out of radio
contact.

“This mission will greatly expand our scientific understanding of Mars, pave the way for
our next robotic missions later in this decade, and help us prepare for sending humans
to Mars,” said Doug McCuistion, director of NASA’'s Mars Exploration Program. “Not
only will Mars Science Laboratory’s landing and research areas be determined by MRO,
but the first boots on Mars will probably get dusty at one of the many potential landing
sites the Mars Reconnaissance Orbiter will inspect all over the planet.”

The orbiter carries six instruments for studying every level of Mars from underground
layers to the top of the atmosphere. Among them, the most powerful telescopic cam-
era ever sent to a foreign planet will reveal rocks the size of a small desk. An advanced
mineral-mapper will be able to identify water-related deposits in areas as small as a
baseball infield. Radar will probe for buried ice and water. A weather camera will monitor
the entire planet daily. An infrared sounder will monitor atmospheric temperatures and
the movement of water vapor.

The instruments will produce torrents of data. The orbiter can pour data to Earth at
about 10 times the rate of any previous Mars mission, using a dish antenna 3 meters
(10 feet) in diameter and a transmitter powered by 9.5 square meters (102 square feet)
of solar cells. “This spacecraft will return more data than all previous Mars missions
combined,” said Jim Graf, project manager for Mars Reconnaissance Orbiter at NASA's
Jet Propulsion Laboratory, Pasadena, Calif.

Scientists will analyze the information to gain a better understanding of changes in
Mars’ atmosphere and the processes that have formed and modified the planet’s sur-
face. “We’re especially interested in water, whether it’s ice, liquid or vapor.” said JPL’s
Dr. Richard Zurek, project scientist for the orbiter. “Learning more about where the
water is today and where it was in the past will also guide future studies about whether
Mars has ever supported life.”

A second major job for Mars Reconnaissance Orbiter, in addition to its own investiga-
tion of Mars, is to relay information from missions working on the surface of the planet.
During its planned five-year prime mission, it will support the Phoenix Mars Scout, which
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is being built to land on icy soils near the northern polar ice cap in 2008, and the Mars
Science Laboratory, an advanced rover under development for launch in 2009.

However, before Mars Reconnaissance Orbiter can begin its main assignments, it will
spend half a year adjusting its orbit with an adventurous process called aerobraking.
The initial capture by Mars’ gravity on March 10 will put the spacecraft into a very elon-
gated, 35-hour orbit. The planned orbit for science observations is a low-altitude, nearly
circular, two-hour loop. To go directly into an orbit like that when arriving at Mars would
have required carrying much more fuel for the main thrusters, requiring a larger and
more expensive launch vehicle and leaving less payload weight for science instruments.
Aerobraking will use hundreds of carefully calculated dips into the upper atmosphere

-- deep enough to slow the spacecraft by atmospheric drag, but not deep enough to
overheat the orbiter.

“Aerobraking is like a high-wire act in open air,” Graf said. “Mars’ atmosphere can swell
rapidly, so we need to monitor it closely to keep the orbiter at an altitude that is effective
but safe.” Current orbiters at Mars will provide a daily watch of the lower atmosphere,
an important example of the cooperative activities between Mars missions at Mars.

Additional information about Mars Reconnaissance Orbiter is available online at:
http://www.nasa.gov/mro.

The mission is managed by JPL, a division of the California Institute of Technology,
Pasadena, for the NASA Science Mission Directorate, Washington. Lockheed Martin
Space Systems, Denver, is the prime contractor for the project and built the spacecraft.

- End of General Release -



Media Services Information

NASA Television Transmission

The NASA TV Media Channel is available on an MPEG-2 digital C-band signal ac-
cessed via satellite AMC-6, at 72 degrees west longitude, transponder 17C, 4040 MHz,
vertical polarization. In Alaska and Hawaii, it's available on AMC-7 at 137 degrees west
longitude, transponder 18C, at 4060 MHz, horizontal polarization. A Digital Video Broad-
cast compliant Integrated Receiver Decoder is required for reception. For digital down-
link information for NASA TV’s Media Channel, access to NASA TV’s Public Channel on
the Web and a schedule of programming for Mars Reconnaissance Orbiter activities,
visit www.nasa.gov/ntv.

Newsroom at Jet Propulsion Laboratory

News media representatives who would like to cover the Mars Orbit Insertion in person
at the Jet Propulsion Laboratory in Pasadena, Calif., should contact the JPL Media Re-
lations Office at (818) 354-5011 for more information.

Briefings

An overview of the mission and the spacecraft’'s Mars-arrival events will be presented to
news media during a briefing at 1:00 p.m. Eastern Time on March 8. NASA TV Media
Channel will broadcast the briefing from the Jet Propulsion Laboratory in Pasadena,
Calif. On March 10 an update briefing about mission status on Mars-arrival day will be
telecast from JPL at noon Eastern Time, and a briefing after the day’s key events will be
telecast from JPL at 7 p.m. Eastern Time. For information to participate in these brief-
ings, news media representatives should call the JPL Media Relations Office at (818)
354-5011. Information about upcoming briefings, as they are scheduled, will be kept
current on the Internet at www.nasa.gov/mro.

Live Feed

A live feed of video from the mission’s control room at JPL during key Mars-arrival
events will be carried on NASA TV Media Channel between 3:30 and 5:30 p.m. Eastern
Time on March 10.

Internet Information

Extensive information on the Mars Reconnaissance Orbiter project including an elec-
tronic copy of this press kit, press releases, fact sheets, status reports, briefing schedule
and images, is available at www.nasa.gov/mro . More detailed information on the mis-
sion is available at the Mars Reconnaissance Orbiter project Web site at
mars.jpl.nasa.gov/mro.



Quick Facts

Orbiter

Dimensions: Height 6.5 meters (21 feet) with 3-meter-diameter (10-foot) dish antenna;
width 13.6 meters (45 feet) with pair of 5.35- by 2.53-meter (17.56- by
8.30-foot) solar panels

Mass: 2,180 kilograms (4,806 pounds) total at launch, consisting of 139 kilograms (306
pounds) science payload, 892 kilograms (1,967 pounds) other dry weight, plus
1,149 kilograms (2,533 pounds) of propellant and pressurant

Power: 20 square meters (220 square feet) of solar panels providing 2,000 watts at
mission’s farthest point from the Sun, plus nickel-hydrogen batteries for periods
when the panels are not in sunshine

Science instruments: Hyper-spectral imaging spectrometer, very-high-resolution
camera, context camera, color camera, climate sounder, shallow subsurface
radar

Launch Vehicle

Type: Atlas V-401 (two-stage Atlas booster with Centaur upper stage)
Height with payload: 57.4 meters (188 feet)

Mass fully fueled: 333,000 kilograms (730,000 pounds)

Mission

Launch: August 12, 2005, from Cape Canaveral Air Force Station, Florida

Earth-Mars distance at launch: 115 million kilometers (71 million miles)

Mars arrival: March 10, 2006

Earth-Mars distance at arrival: 215 million kilometers (134 million miles)

One-way speed-of-light time from Mars to Earth on March 10, 2006: 12 minutes

Total distance traveled, Earth to Mars: About 500 million kilometers (310 million miles)

Aerobraking phase: March to October 2006

Primary science phase: November 2006 to December 2008

Orbit during science phase: Near-polar orbit at altitudes ranging from 255 kilometers
(158 miles) to 320 kilometers (199 miles); 112 minutes per orbit

Quantity of planned science data return: 26 terabits or more

Communications relay phase: January 2009 to December 2010 (mission extensions
possible)

Program

Cost: About $720 million total, consisting approximately of $450 million spacecraft
development and science instruments; $90 million launch; $180 million mission
operations, science processing and relay support for 5.5 years



Mars at a Glance

General

O One of five planets known to ancients; Mars was Roman god of war, agriculture and the state

O Yellowish brown to reddish color; occasionally the third brightest object in the night sky after
the moon and Venus

Physical Characteristics

O Average diameter 6,780 kilometers (4,212 miles); about half the size of Earth, but twice the
size of Earth’s moon

O Same land area as Earth, reminiscent of a rocky desert

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

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

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

Orbit

O Fourth planet from the Sun, the next beyond Earth

U About 1.5 times farther from the Sun than Earth is

O Orbit elliptical; distance from Sun varies from a minimum of 206.7 million kilometers (128.4
millions miles) to a maximum of 249.2 million kilometers (154.8 million miles); average
distance from the Sun 227.7 million kilometers (141.5 million miles)

O Revolves around Sun once every 687 Earth days

O Rotation period (length of day) 24 hours, 39 min, 35 sec (1.027 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%)

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

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

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

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

Features

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

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

Moons

O Two irregularly shaped moons, each only a few kilometers wide

O Larger moon named Phobos (“fear”); smaller is Deimos (“terror”), named for attributes
personified in Greek mythology as sons of the god of war



Where We’ve Been and Where We’re Going

Building on scientific discoveries and lessons learned from past and ongoing missions,
NASA's Mars Exploration Program is working over many years to establish a sustained
observational presence both around and on the surface of Mars. This includes orbiters
that view the planet from above and act as telecommunications relays; surface-based
mobile laboratories; robots that probe below the planet’s surface; and, ultimately, mis-
sions that return soil and rock samples to Earth and prepare for human landing. With
international cooperation, the long-term program is guided by compelling questions that
scientists are interested in answering about Mars, developing technologies to make mis-
sions possible within available resources. The program’s strategy is to seek to uncover
profound new insights into Mars’ past environment, the roles and abundance of water,
and the potential for development of habitats that may support past or present life.

As part of the NASA's Vision for Space Exploration, these missions of discovery foresee
human exploration of the moon, Mars and beyond in coming decades, and take early
measurements necessary for human landing and habitation.

The following are the most recently completed, ongoing and near-term future Mars mis-
sions of exploration by NASA and its international partners:

U Mars Pathfinder (December 1996 - March 1998): The first completed mission in
NASA’s Discovery Program of low-cost, rapidly developed planetary missions with
highly focused scientific goals, Mars Pathfinder far exceeded its expectations and out-
lived its primary design life. This lander, which released its Sojourner rover at the Mar-
tian surface, returned 2.3 billion bits of information, including more than 17,000 images
and more than 15 chemical analyses of rocks and soil and extensive data on winds and
other types of weather. Investigations carried out by instruments on both the lander and
the rover suggest that Mars had liquid water on its surface and a thicker atmosphere.
The lander and rover functioned far beyond their planned lifetimes (30 days for the
lander and seven days for the rover), but eventually, after about three months on the
Martian surface, depletion of the lander’s battery and a drop in the lander’s operating
temperature are thought to have ended the mission.

4 Mars Global Surveyor (November 1996 - present): During its primary mapping mis-
sion from March 1999 through January 2001, NASA’'s Mars Global Surveyor collected
more information than any other previous Mars mission. Today the orbiter continues to
gather data in a second extended mission. As of May 1, 2003, it has completed more
than 20,000 orbits of Mars and returned more than 137,000 images, 671 million laser-
altimeter shots and 151 million spectrometer measurements. Some of the mission’s
most significant findings include: evidence of possibly recent liquid water at the Martian
surface; evidence for layering of rocks that points to widespread ponds or lakes in the
planet’s early history; topographic evidence that most of the southern hemisphere is
higher in elevation than most of the northern hemisphere, so that any downhill flow of
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water and sediments would have tended to be northward; identification of gray hematite,
a mineral suggesting a wet environment when it was formed; and extensive evidence for
the role of dust in reshaping the recent Martian environment. Global Surveyor provided
valuable details for evaluating the risks and attractions of potential landing sites for the
Mars Exploration Rover missions, and served as a communications relay for the rovers
during and after their landings.

U Mars Odyssey (April 2001 - present): This NASA orbiter’s prime mapping mission
began in March 2002. Its suite of gamma-ray spectrometer instruments has provided
strong evidence for large quantities of frozen water mixed into the top layer of soil in
the 20 percent of the planet near its north and south poles. By one estimate -- likely an
underestimate -- the amount of water ice near the surface, if melted, would be enough
water to fill Lake Michigan twice. Odyssey’s infrared camera system has also provided
detailed maps of minerals in rocks and soils. A layer of olivine-rich rock in one canyon
near Mars’ equator suggests that site has been dry for a long time, since olivine is eas-
ily weathered by liquid water. Nighttime infrared imaging by Odyssey’s camera system
provides information about how quickly or slowly surface features cool off after sunset,
which gives an indication of where the surface is rocky and where it is dusty. Odyssey’s
observations helped evaluate potential landing sites for the Mars Exploration Rovers,
and relays via this orbiter have been the rovers’ main way of sending information to
Earth. About 90 percent of data from the rovers has been relayed via Odyssey, which
passes over each rover twice a day.

U Mars Exploration Rover Spirit (June 2003 - present): Spirit and its twin, Opportuni-
ty, are mobile robotic field geologists sent to examine geological clues about the envi-
ronmental history, particularly the history of water, at carefully selected sites. Together,
they make up NASA's Mars Exploration Rover Project. Spirit is exploring inside Gusev
Crater, a bowl 150 kilometers (95 miles) in diameter. Orbital images suggest Gusev may
have once held a lake fed by inflow from a large valley network that channels into the
crater from highlands to the south. Spirit landed in January 2004 in a level plain pocked
with small craters and strewn with loose rocks. The rover found that the rocks on the
plain are volcanic with slight alteration by exposure to water. By June 2004, Spirit had
driven to a range of hills about 2.6 kilometers (1.6 miles) from the landing site in a quest
for exposed bedrock. Exploring in the hills since then, Spirit has found an assortment of
rocks and soils bearing evidence of extensive exposure to water, including the iron-hy-
drogen-oxide mineral goethite and sulfate salts.

U Mars Exploration Rover Opportunity (July 2003 - present): This rover was sent to
a flat region named Meridiani Planum, where the spectrometer on Mars Global Surveyor
had discovered a large exposure of a type of hematite that usually, but not always,
forms in the presence of water. In January 2004, Opportunity landed inside a crater only
22 meters (72 feet) in diameter and immediately saw exposed bedrock in the crater’s
inner slope. During the next few weeks, the rover’s examination of that outcrop settled
the long-running debate about whether Mars ever had sustained liquid water on its
surface. Composition and textures showed that the rocks not only had been saturated
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with water, but had actually been laid down under gently flowing surface water. For six
months beginning in June 2004, Opportunity examined deeper layers of rock inside a
stadium-sized crater about 700 meters (half a mile) from the landing site. The rocks had
all soaked in water, but textures in some showed that periods of dry, wind-blown depo-
sition alternated with periods when water covered the surface. After examining its own
heat shield and a nickel-iron meteorite near this crater, Opportunity drove more than 3
kilometers (2 miles) southward to reach a different type of terrain in search of rocks with
different information to add about the region’s wet history.

U Mars Express (2003 - present): This is a European Space Agency orbiter with NASA
participation in two of its seven instruments. The spacecraft has been returning color
images and other data since January 2004 after entering orbit in late December 2003. It
has confirmed water ice in Mars’ south polar cap and added information about how the
solar wind has been removing water vapor from Mars’ atmosphere for billions of years.
Mars Express has found traces of methane in Mars’ atmosphere. Scientists propose
that this gas would break down rapidly enough to be undetectable if there is not an ac-
tive source, either biological or non-biological, maintaining the amount. The orbiter has
also mapped variations in the concentration of water vapor in the lower portion of the
atmosphere. The spacecraft’s June 2005 deployment of the antenna for a ground-pen-
etrating radar instrument prepares for a search for layers bearing ice and possibly water
beneath the surface of Mars.

U Phoenix Mars Scout (2007): The first in a planned series of competitively selected
NASA Mars Scout missions, Phoenix will land in icy soils near the north polar ice cap
of Mars and explore the history of the water in these soils while checking for organic
chemicals and monitoring polar climate. It is scheduled to launch in August 2007 and
land in May 2008. The stationary lander will operate for up to three months. Its robotic
arm is designed to dig a trench up to half a meter (20 inches) deep and deliver samples
from it to an onboard laboratory to analyze the samples’ chemistry and physical proper-
ties. The mission will serve as NASA's first exploration of this ice-rich region and renew
the search for carbon-bearing compounds, last attempted by the Viking landers of the
1970s. The Phoenix mission plan, developed by a team led by a University of Arizona
scientist, was one of 25 proposals submitted to become the first Mars Scout mission.
NASA selected Phoenix from among four finalist proposals in 2003. Major roles for
Mars Reconnaissance Orbiter will be to provide additional information for characterizing
potential landing sites for Phoenix and, in 2008, to serve as the primary communications
relay for Phoenix.

U Mars Science Laboratory (2009): This NASA mission will use precision landing
technologies to put a roving science laboratory at a selected site on Mars with a payload
of science instruments more than 10 times as massive as those of earlier Mars rovers.
The laboratory is designed to operate for more than a Martian year (687 Earth days)
and travel across a much greater range than previous rovers. To help scientists assess
whether the landing area ever had or still has environmental conditions favorable to
microbial life, the rover will analyze dozens of samples scooped from the soil and cored
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from rocks, with instruments typically found in Earth-based science laboratories but min-
iaturized to be carried inside the rover. Instruments have been selected that could iden-
tify and inventory the chemical building blocks of life in the samples and identify features
that may show effects of biological processes. The mission will mark major advances in
measurement capabilities and surface access. It will demonstrate technologies for ac-
curate landing that will be necessary for sending later missions to sites that are scientifi-
cally compelling but difficult to reach, and it will prove techniques that will contribute to
human landing systems.

U Additional Mars Scouts (2011 and later): Mars Scouts are competitively proposed
missions intended to supplement and complement, at relatively low cost, the core mis-
sions of NASA's Mars Exploration Program. Phoenix is the first. The next round of pro-
posals and selection targets a launch in 2011.

U Beyond 2011: For the second decade of this century, NASA is planning additional
missions to examine the geological record, environmental conditions and potential for
habitability at selected sites on Mars, possibly including extended surface operations
and subsurface exploration. The flexible program includes many options driven by the
discoveries of missions such as Mars Reconnaissance Orbiter and Mars Science Labo-
ratory, and technology developments such as life-detection investigations and drilling to
reach underground sites.

U In support of the Vision for Space Exploration, NASA has also begun preparations
for sending human explorers to Mars and beyond. An early step in realizing the vision
will be development of a crew exploration vehicle in the next few years; a crucial inter-
mediate step will be return of astronauts to the moon by 2020, this time for a sustained
presence there. Meanwhile, the scientific robotic program will take measurements and
apply technologies in its planned missions to help pave the way for astronauts, such as
including a surface radiation monitor on the Mars Science Laboratory in 2009. Some
challenges that astronauts will face are environmental factors, such as dust and radia-
tion. Others are technological requirements, such as reliable precision landing and an
adequate energy supply.
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Science Investigations

Water is a key to at least four of the most critical questions about Mars: Has Mars had
life? Could Mars support human outposts? Can Mars teach us helpful information about
climate change? Do Mars and Earth share the same geological processes?

Water is a prerequisite for life, a potential resource for human explorers and a major
agent of climate and geology. That's why NASA has pursued a strategy of “follow the
water” with spacecraft sent to Mars in recent years, resulting in discoveries such as
fresh gullies carved by fluid, copious ice mixed into the top layer of surface material and
ancient rock layers formed under flowing water.

The Mars Reconnaissance Orbiter mission will follow the water further. The string of
water-related discoveries by spacecraft currently at Mars leave many questions that this
orbiter is well equipped to investigate. We now know there was standing water on the
planet. How extensively? How long? How often? Where did it well up from underground
and where did it flow down from uphill drainage networks?

Deciphering the relationships among today’s layers of material at and near the surface
will help scientists answer these questions and raise new ones. For example, Mars
Reconnaissance Orbiter may be able to resolve whether layers seen in the walls of
canyons such as Valles Marineris are pasted on from the slumping of walls above them,
as they might be if water emerged from the walls, or exposures of underlying layers
emplaced before the deepening of the canyon cut through them, like in Arizona’s Grand
Canyon. How large an area and how long a period is evidenced in the water-related
layers around Opportunity’s landing site in Meridiani Planum? Observations by Mars
Reconnaissance Orbiter may improve estimates of the answers by tracing the edges of
layers and following where one extends beneath another.

Mars has shown surprises each time researchers have used increased resolution to
examine it. The surface bears diversity in mineral composition and physical structure
down to the smallest scales discernable from orbit so far. Researchers anticipate that
the considerably higher resolution and coverage possible with Mars Reconnaissance
Orbiter will reveal more. For example, the mission might find deposits of water-related
minerals that don’t cover enough ground to be detected by previous orbiters.

Science Objectives

Since its early planning stages, the Mars Reconnaissance Orbiter mission has had three
underlying science obijectives:

1. Advance our understanding of Mars’ current climate, the processes that have

formed and modified the surface of the planet, and the extent to which water has played
a role in surface processes.
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2. ldentify sites where possible effects of liquid water indicate environments that
may have been conducive to biological activity or might even now harbor life.

3. Identify and characterize sites for future Mars landings.
In pursuit of these objectives, the mission will make observations and measurements to:

U Assess Mars’ seasonal and time-of-day variations in water, dust and carbon
dioxide in the atmosphere.

U Characterize Mars’ global atmospheric structure and surface changes.

U Search for sites with evidence of water or hydrothermal activity.

U Examine the detailed stratigraphy (layers laid down over time), geologic struc-
ture and composition of Mars’ surface features.

U Probe beneath the surface for evidence of subsurface layering, reservoirs of
water or ice, and the internal structure of polar ice caps.

U Map and monitor the Martian gravity field to improve knowledge about Mars’
crust and variations in atmospheric mass.

U Identify and characterize prospective landing sites with high potential for dis-
coveries by future missions.

Research Strategy

The orbiter will use a wide range of wavelengths for its investigations, from ultraviolet
through visible and infrared to short-wave radio. It will see Mars’ surface in greater detail
than any previous Mars orbiter.

The tremendous amount of data generated by observations in many wavelengths and
at high resolutions dictates the importance of the orbiter’s large high-gain antenna and
high-powered telecommunications system for sending the data to Earth. Nevertheless,
limits on time and data capacity mean that only a small fraction of Mars can be exam-
ined at the highest resolution. The surface of Mars covers an area about the same as all
the dry land on Earth. Surprises detectable with this orbiter’s capable instruments could
lie anywhere. Choosing where to look closely will affect what discoveries are made.

To make the most effective use of the highest-resolution capabilities, the mission’s sci-
ence team will employ a strategy of mixing three distinct modes of observations: daily
global-scale monitoring, regional surveys and targeted high-resolution observations.
The broader views will aid interpretation of the higher-resolution data and will identify
additional sites for targeted observations. Some instruments can observe in more than
one mode. Targeted observations may combine nearly simultaneous data collection by
more than one instrument, providing context for interpreting each other’s data.
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Science Instruments

Mars Reconnaissance Orbiter will carry six science instruments. Two additional investi-
gations will use the spacecraft itself as an instrument.

U The High Resolution Imaging Science Experiment will photograph selected places
on Mars with the most powerful telescopic camera ever built for use at a foreign planet.
It will reveal features as small as a kitchen table in images covering swaths of Mars’
surface 6 kilometers (3.7 miles) wide. Combining images taken through filters admitting
three different portions of the spectrum will produce color images in the central portion
of the field of view. Paired images of top-priority target areas taken from slightly different
angles during different orbits will yield three-dimensional views revealing differences in
height as small as 25 centimeters (10 inches).

Of the orbiter’s three research modes (global monitoring, regional survey and targeted
observations), this instrument’s role will be in the targeted-observation mode. Research-
ers will use the high-resolution camera to examine shapes of deposits and other land-
forms produced by geologic and climatic processes. As one example, they will look for
boulders in what appear to be flood channels, which would be evidence that the chan-
nels were cut by great flows of water, rather than glaciers or lava flows. And they will
check the scale of layering in polar deposits. Those layers are believed to result from
cyclical variations in Mars’ climate; their thickness could be an indication of the time
scale of climate cycles. Some layers are at least as thin as the current limit of resolution
in orbital images, so higher-resolution imaging will add more information for deciphering
climate history. Other anticipated targets include gullies, dunes and patterned ground.

This camera has a primary mirror diameter of 50 centimeters (20 inches) and a field of
view of 1.15 degrees. At its focal plane, the instrument holds an array of 14 electronic
detectors, each covered by a filter in one of three wavelength bands: 400 to 600 nano-
meters (blue-green), 550 to 850 nanometers (red), or 800 to 1000 nanometers (near
infrared). Ten red detectors are positioned in a line totaling 20,028 pixels across to cover
the whole width of the field of view. Two each of the blue-green and near-infrared de-
tectors lie across the central 20 percent of the field. Pixel size in images taken from an
altitude of 300 kilometers (186 miles) will be 30 centimeters (12 inches) across, about
a factor of two better than the highest-resolution down-track imaging possible from any
earlier Mars orbiter and a factor of five better than any extended imaging to date. As a
rule of thumb, at least three pixels are needed to show the shape of a feature, so the
smallest resolvable features in the images will be about a meter (3 feet) across for an
object with reasonable contrast to its surroundings. The instrument uses a technology
called time delay integration to accomplish a high signal-to-noise ratio for unprecedent-
ed image quality.

Dr. Alfred McEwen of the University of Arizona, Tucson, is the principal investigator for

the High Resolution Imaging Science Experiment. Ball Aerospace, Boulder, Colo., built
the instrument for the university to provide to the mission. Additional information about
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the instrument is available at hirise.lpl.arizona.edu.

U The Compact Reconnaissance Imaging Spectrometer for Mars will extend the
search for water-related minerals on Mars by providing spectra that can be used to
identify the mineral composition of the surface. Each spectrum will indicate measure-
ments of the amount of light that Mars surface materials reflect or emit in many different
wavelengths, or colors, of visible and infrared light. Most minerals expected in the Mar-
tian crust, and especially those formed by water-related processes, have characteristic
fingerprints in spectra of these wavelengths. The spectrometer will collect information
that could find key minerals in patches as small as a house, using resolution about

10 times sharper than in any previous look at Mars in infrared wavelengths and sharp
enough to discover a deposit left by an individual hot spring or evaporated pond, if such
deposits exist.

The imaging spectrometer will work both in targeted and survey modes. It will target a
few thousand selected areas for inspection at highest spatial resolution -- 18 meters (60
feet) per pixel -- and spectral resolution -- 544 different wavelengths. It will spend more
of its time surveying the entire planet at resolutions of 100 to 200 meters (330 to 660
feet) per pixel in and about 70 different spectral channels (“colors”). The survey will find
candidate sites for targeted inspection. The search for water-related minerals such as
carbonates, clays and salts gets top priority for use of this instrument. Researchers are
planning observations of sites such as smooth interiors of ancient craters that may have
held lakes and volcanic regions that may have produced hot springs. They will also use
the spectrometer to monitor seasonal changes in dust and ice particles suspended in
the atmosphere.

The spectrometer has a telescope with a 10-centimeter (4-inch) aperture and a 2-de-
gree field of view. That field of view produces images of swaths of Mars’ surface about
10 kilometers (6 miles) wide. The instrument records the intensities of light in a range

of wavelengths from 370 nanometers (violet) to 3,940 nanometers (near infrared) and
divides that range into bands as small as 6.55 nanometers wide. It is mounted on a gim-
bal, which allows it to follow a target on the surface as the orbiter passes overhead.

The principal investigator for the Compact Reconnaissance Imaging Spectrometer for
Mars is Dr. Scott Murchie of the Johns Hopkins University Applied Physics Laboratory,
Laurel, Md., which provided the instrument. Additional information about the spectrom-
eter is available at crism.jhuapl.edu.

U The orbiter’s Context Camera will return images of swaths 30 kilometers (18.6 miles)
wide. Many of its images will be centered on the narrower swaths being imaged simul-
taneously by the high-resolution camera or the imaging spectrometer, or both. It has a
resolution capable of showing the shapes of features smaller than a tennis court.

This instrument will perform roles in both the regional-survey and the targeted-observa-
tion modes. For the targeted mode, it will provide broad yet detailed visual context for
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interpreting observations by co-targeted instruments. Over the course of the primary sci-
ence mission, it will produce regional surveys of about 15 percent of the planet’s surface
in relatively high resolution, which is expected to identify many targets for more detailed
inspection. However, its ability to provide extended area imaging at moderately high
resolution will enable it to examine the stratigraphy and morphology of many regional
features and thus directly address key questions about changes in the Martian surface
over geologic time and the roles that water and wind have played in these changes.

The camera is monochromatic and will produce black-and-white images. It has a single
passband for visible light at 500 to 700 nanometers). It has a 5.8-degree field of view
recorded onto a linear array 5,000 pixels wide, providing a resolution of 6 meters (20
feet) per pixel.

Malin Space Science Systems, San Diego, Calif., provided the Context Camera for this
mission. Dr. Michael Malin is team leader for use of the instrument. Additional informa-
tion about this camera is available at www.msss.com/mro/ctx.

U Mars Color Imager will produce daily global views to monitor changes in the atmo-
sphere and on the surface. It can produce color images and see in ultraviolet wave-
lengths. Each image through the extremely wide-angle lens will catch the planet from
horizon to horizon with spatial resolution selectable from one kilometer (0.6 mile) per
pixel to 10 kilometers (6 miles) per pixel.

As a key instrument for the mission’s global-monitoring mode, Mars Color Imager will
provide daily weather maps of the entire planet and will track surface changes, such as
the seasonal growing and shrinking of polar frosts and the movement of dust at other
latitudes. Use of color filters will also enable researchers to identify the composition

of clouds, which may be water ice, carbon-dioxide ice, or dust. Researchers will make
use of the camera’s ultraviolet filters to examine variations in the amount of ozone in
the atmosphere. Ozone serves as a reverse indicator about water in Mars’ atmosphere.
Where there’s more water, there’s less ozone, and vice versa.

Mars Color Imager is essentially a copy of a camera that flew on the lost Mars Climate
Orbiter mission. However the instrument on Mars Reconnaissance Orbiter has a wider
fisheye lens to compensate for planned spacecraft rolls needed to target specific sites
on Mars with other instruments. The camera has a field of view of 180 degrees. Its
seven filters include five centered in visible-light wavelengths (425, 550, 600, 650 and
725 nanometers) and two in ultraviolet wavelengths (250 and 320 nanometers).

Malin Space Science Systems, San Diego, Calif., provided this instrument, and Dr.
Michael Malin of that company is the principal investigator for it. Additional information
about Mars Color Imager is available at www.msss.com/mro/marci.

U Mars Climate Sounder will study water vapor, dust, ices and temperatures in Mars’
atmosphere. It will assess how they vary with altitude, map how they are distributed
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around the planet, and monitor their changes from day to night and from season to
season. The results will aid understanding of the atmosphere’s structure and circulation,
thus the planet’s weather and climate. The instrument looks both toward the horizon and
straight down, in a broadband visible and in several thermal infrared channels. Looking
toward the horizon, it can observe the atmosphere in vertical slices, assessing each 5-
kilometer-thick (3-mile-thick) section from the surface to an altitude of 80 kilometers (50
miles). The resulting atmospheric profiles from different areas around the planet can be
combined into daily, three-dimensional global weather maps for both daytime and night-
time.

Mars Climate Sounder is one of the instruments serving the mission’s global-monitoring
research mode. One goal for researchers using it is to examine how solar energy in-
teracts with the atmosphere and the surface. The measurements will also serve under-
standing of how the atmosphere moves water around the planet seasonally and the give
and take between the