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Media Services Information

NASA Television Transmission

The NASA TV Media Channel is available on an MPEG-2 digital C-band signal accessed via
satellite AMC-6, at 72 degrees west longitude, transponder 17C, 4040 MHz, vertical polariza-
tion. 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 Broadcast-compliant Integrated Re-
ceiver Decoder is required for reception. For digital downlink information for NASA TV’s Media
Channel, access to NASA TV’s Public Channel on the Web and a schedule of programming for
Phoenix Mars lander activities, visit http://www.nasa.gov/ntv.

Media Credentialing

News media who wish to cover the landing in person at NASA’s Jet Propulsion Laboratory
must be accredited through the JPL newsroom, 818-354-5011. Beginning about two days after
the landing, depending on how quickly engineers can assess that the spacecraft is ready to
conduct its surface mission, the center of operations will be at the University of Arizona’s Sci-
ence Operations Center, Tucson. For information about covering operations there in person,
journalists may contact the University of Arizona Phoenix mission newsroom at 520-626-4408.

Briefings

News briefings will be held at JPL’s von Karman Auditorium in the days before landing, on
landing day, and two or three days after landing. After the lander’s status is ready for proceed-
ing with the science mission on the surface of Mars, possibly by the second or third day after
landing, the mission’s news briefings will originate from the University of Arizona’s Science
Operations Center, Tucson. The briefings from both locations will be carried live on NASA Tele-
vision and online. Specific information about upcoming briefings, as they are scheduled, will be
kept current on the Internet at http://www.nasa.gov/phoenix.

Live Feed

Two channels on NASA Television will carry different live feeds during key May 25 landing
activities from the control room at NASA’s Jet Propulsion Laboratory. The following times are
tentative and should be checked at http://www.nasa.gov/multimedia/nasatv/
MM_NTV_Breaking.html. The NASA TV Media Channel will carry a feed with no commentary
or interviews, beginning at 3 p.m. PDT (6 p.m. EDT). The NASA TV Public Channel will

carry a feed with some commentary and interviews, beginning at 3:30 p.m. PDT (6:30 p.m.
EDT). Both feeds will continue through 5 p.m. or later PDT (8 p.m. or later EDT). For
information about selecting between these two channels, see http://www.nasa.gov/
multimedia/nasatv/digital.html.

Internet Information

Information including an electronic copy of this press kit, press releases, fact sheets, status
reports, briefing schedule and images, is available at http://www.nasa.gov/phoenix. More
detailed information on the mission is available at the Phoenix project Web site at
http://phoenix.lpl.arizona.edu.



Quick Facts

Spacecraft

Cruise vehicle dimensions: Diameter 2.64 meters (8.66 feet), height 1.74 meters (5.71 feet);
span of cruise solar arrays 3.6 meters (11.8 feet)

Lander dimensions: Height to top of meteorology mast 2.2 meters (7.2 feet), or slightly less
depending on legs absorbing impact; span of deployed solar arrays 5.52 meters (18.1
feet); deck diameter 1.5 meters (4.9 feet); length of robotic arm 2.35 meters (7.71 feet)

Mass: 664 kilograms (1,464 pounds) total at launch, consisting of 82-kilogram (181-pound)
cruise stage, 110-kilogram (242-pound) back shell, 62-kilogram (137-pound) heat
shield, and 410-kilogram (904-pound) lander That lander mass includes 59 kilograms
(130 pounds) of science-instrument payload and 67 kilograms (148 pounds) of fuel

Power: Solar panels and lithium-ion batteries

Science payload: 59 kilograms (130 pounds) consisting of Robotic Arm; Robotic Arm Camera;
Surface Stereo Imager; Thermal and Evolved-Gas Analyzer; Microscopy, Electro-
chemistry and Conductivity Analyzer; Mars Descent Imager; Meteorological Station

Launch Vehicle

Type: Delta Il 7925 (three-stage)

Height with payload: 39.6 meters (130 feet)

Mass fully fueled: 231,126 kilograms (509,538 pounds)

Mission

Launch: Aug. 4, 2007, 5:26 a.m. Eastern Daylight Time (2:26 a.m. Pacific Daylight Time)

Launch site: Pad SLC-17A, Cape Canaveral Air Force Station, Florida

Earth-Mars distance on Aug. 4, 2007: 195 million kilometers (121 million miles)

Mars landing: May 25, 2008, 11:53 p.m. Universal Time (7:53 p.m. EDT, 4:53 p.m. PDT).
This is the time when a radio signal from the moment of landing could reach Earth,
traveling at light speed

Landing site: 68 degrees north latitude, 233 degrees east longitude, in Vastitas Borealis,
the arctic plains of Mars

Earth-Mars distance on May 25, 2008: 276 million kilometers (171 million miles)

One-way radio transit time Mars to Earth on May 25, 2008: 15.3 minutes

Total distance traveled, Earth to Mars: About 679 million kilometers (422 million miles)

Primary mission: 90 Martian days, or “sols” (equivalent to 92 Earth days)

Expected near-surface atmospheric temperatures at landing site during primary mission:
minus 73 C to minus 33 C (minus 100 F to minus 28 F)

Program

Cost: U.S. investment of $420 million, including development, science instruments, launch
and operations; plus Canadian Space Agency investment of $37 million for the
meteorological station



Mars at a Glance

General

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

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

Physical Characteristics

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

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

4 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

QO About 1.5 times farther from the sun than Earth is

Q 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 is 227.7
million kilometers (141.5 million miles)

U Revolves around sun once every 687 Earth days

U 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

4 Atmosphere composed chiefly of carbon dioxide (95.3%), nitrogen (2.7%) and argon (1.6%)
QO Surface atmospheric pressure less than 1/100th that of Earth’s average

Q4 Surface winds up to 40 meters per second (80 miles per hour), though they are expected to
be no more than half that at Phoenix’s site

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

Q4 Surface temperature averages minus 53 C (minus 64 F); varies from minus 128 C (minus
199 F) during polar night to 27 C (80 F) at equator during midday at closest point in orbit to sun

Features

U Highest point is on 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

4 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

Q4 Two irregularly shaped moons, each only a few kilometers wide

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



Science Investigations

The Phoenix Mars Lander will investigate a site in the far north of Mars. The mission will seek
to answer questions about that part of Mars and help resolve broader questions about the
planet. The key questions Phoenix will address concern water and conditions that could sup-
port life.

The Phoenix landing region has water ice in soil close to the surface, which NASA’'s Mars Od-
yssey orbiter discovered for much of the high-latitude terrain in both the north and south hemi-
spheres of Mars.

Phoenix will dig down to the icy layer. It will examine soil in place at the surface, at the icy layer
and in between. It will scoop up samples for analysis by its onboard instruments. One key in-
strument will check for water and carbon-containing compounds by heating soil samples in tiny
ovens and examining the vapors that are given off. Another will test soil samples by adding wa-
ter and analyzing the dissolution products. Cameras and microscopes will provide information
on scales spanning eight powers of 10, from features that could fit by the hundreds into the
period at the end of this sentence to a survey of the landscape by a mast-mounted camera. A
weather station will provide information about atmospheric processes in an arctic region where
a coating of carbon-dioxide ice comes and goes with the seasons.

Mars is a vast desert where water is not found in liquid form on the surface, even in places
where mid-day temperatures exceed the melting point of ice. One exception may be fleeting
outbreaks that have been proposed to explain modern-day flows down some Martian gullies.
Today’s arid surface is not the whole story, though. Previous Mars missions have found that
liquid water has persisted at times in Mars’ past and that water ice near the surface remains
plentiful today.

Water is a key to four of the most critical questions about Mars: Has Mars ever had life? How
should humans prepare for exploring Mars? What can Mars teach us about climate change?
How do geological processes differ on Mars and on Earth? 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” for investigating Mars. Orbiters and surface
missions in recent years have provided many discoveries about the history and distribution of
water on Mars -- such as minerals that formed in wet environments long ago and liquid flows
that still may be active today in hillside gullies.

The landing site and onboard toolkit of Phoenix position this mission to follow the water further.
Phoenix will dig down to the frozen water, touch it, examine it, thaw some frozen soil, vaporize
some ice and sniff it. The mission’s three main science objectives are:

1. Study the history of water in all its phases.

On a time scale of billions of years, ice near the surface of some areas of Mars might be the
remnant of an ancient northern sea. Several types of evidence point to plentiful liquid water on
ancient Mars, and the northern hemisphere is low and smooth compared to the southern hemi-
sphere. Much of the water that could have remained liquid when ancient Mars had a thicker
atmosphere may now be underground ice.



On a time scale of tens of thousands to a few million years, ice near the surface where Phoe-
nix lands might periodically thaw during warmer periods of climate cycles. The tilt of Mars’ axis
wobbles more than Earth’s, and the shape of Mars’ orbit also cycles over time, from rounder
to more elongated. Currently, Mars is about 20 percent farther from the sun during northern
summer than during northern winter, so the summers are relatively cool in the north. As the
orbit varies, the northern ice cap will enjoy warm winters on a 50,000-year cycle. The wobble
of Mars’ axis may also cause the climate to change on a time scale of 100,000 to millions of
years.

On much shorter time scales, the arctic ground “breathes” every day and every season, con-
verting tiny amounts of ice into water vapor on summer days and condensing tiny amounts of
frost from the atmosphere at night or in winter. In this way, the ice table slowly rises and re-
cedes as the climate changes.

Phoenix will collect information relevant for understanding processes affecting water at all
these time scales, from the planet’s distant past to its daily weather.

2. Determine if the Martian arctic soil could support life.

Life as we know it requires liquid water, but not necessarily its continuous presence. Phoenix
will investigate a hypothesis that some ice in the soil of the landing site may become unfrozen
and biologically available at times during the warmer parts of long-period climate cycles. Life
might persist in some type of dormant microbial form for millions of years between thaws, if
other conditions were right.

The spacecraft is neither equipped nor intended to detect past or present life. However, in
addition to studying the status and history of water at the site, Phoenix will look for other condi-
tions favorable to life.

One condition considered essential for life as we know it is the presence of molecules that
include carbon and hydrogen. These are known as organic compounds, whether they come
from biological sources or not. They can be produced without life, but they include the chemical
building blocks of life, as well as substances that can serve as an energy source, or food, for
life. Phoenix would be able to detect small amounts and identify them. The two Viking space-
craft that NASA landed on Mars in 1976 made the only previous tests for organic compounds
in Martian soil, and found none. Conditions at the surface may be harsh enough to break
organic molecules apart and oxidize any carbon into carbon dioxide. Phoenix will assess some
factors in those oxidizing conditions and will check for organic chemicals below the surface, as
well as in the top layer. Organic chemicals would persist better in icy material sheltered from
sunshine than in surface soil exposed to harsh ultraviolet radiation from the sun. Organic com-
pounds have been found in some meteorites that hit Earth. Scientists reason that meteorites
raining onto Mars over the eons have delivered organic compounds to that planet, too. Wheth-
er these compounds can persist in a Martian environment is an important question in whether
the environment would have been favorable or hostile to life.

Phoenix will also be checking for other possible raw ingredients for life. It will examine how
salty and how acidic or alkaline the environment is in samples from different layers. It will as-
sess other types of chemicals, such as sulfates, that could be an energy source for microbes.



3. Study Martian weather from a polar perspective.

In Mars’ polar regions, the amount of water vapor in the thin atmosphere -- the humidity -- var-
ies significantly from season to season. Winds carrying water vapor can move water from
place to place on the planet. The current understanding of these processes is based on obser-
vations from orbit and limited meteorological observations from earlier Mars landers closer to
the equator. Phoenix will use an assortment of tools to directly monitor several weather vari-
ables in the lower atmosphere at its arctic landing site.

Phoenix will measure temperatures at ground level and three other heights to about 2 meters
(7 feet) above ground. It will check the pressure, humidity and composition of the atmosphere
at the surface and it will identify the amounts, altitudes and movements of clouds and dust in
the sky above.

Over the course of the mission, this unprecedented combination of Martian meteorological
measurements will help researchers evaluate correlations such as whether southbound winds
carry more humidity than northbound winds; whether drops in air pressure are associated with
increased dust; and how the amount of water vapor at the bottom of the atmosphere changes
from late spring to mid-summer or later.

Science Instruments

The Phoenix Mars Lander carries seven science instruments, three of which are suites of mul-
tiple tools.

U The Robotic Arm will allow Phoenix to explore vertically and to use instruments on the
spacecraft deck to analyze samples of Martian soil and ice. The arm will dig trenches, posi-
tion arm-mounted tools for studying the soil in place, and deliver scooped-up samples to other
instruments.

The aluminum and titanium arm is 2.35 meters (7.7 feet) long. One end is attached to the
lander’s deck. An elbow joint is in the middle. The other end has a scoop with blades for dig-
ging into the soil and a powered rasp for breaking up frozen soil. The arm moves like a back-
hoe, using four types of motion: up-and-down, side-to-side, back-and-forth and rotating.

The arm can reach far enough to dig about half a meter (20 inches) deep. However, the sub-
surface ice layer expected at the landing site may not lie that deep. Researchers anticipate that
the icy-soil layer will be about as hard as concrete. Once the excavation by the arm reaches
that layer, the powered rasp on the bottom of the scoop will be used to generate enough loose
material for a sample. The favored work area for the arm will be on the north side of the lander
because the soil on that side will be in the shade of the lander during midday work hours, when
the sun is in the southern part of the sky. The advantage of having shade on the work area in
mid-day is to minimize vaporization of exposed ice.

Because the arm will be making direct contact with icy soil that is conceivably a habitat where
microbes could survive, extra precaution has been taken with it to prevent introducing life from
Earth. Before the arm was given a sterilizing heat treatment in March 2007, it was enclosed

in a biological barrier wrap. This barrier is keeping microbes off the arm during the subsequent
months before launch. It will not open until after Phoenix has landed on Mars.
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The robotic arm uses a design based on a similar arm flown on the 1999 Mars Polar Lander
mission, with refinements including enhanced capability for collecting an icy sample.

A team led by Robert Bonitz at NASA's Jet Propulsion Laboratory, Pasadena, Calif., engi-
neered and tested the Phoenix Robotic Arm. Alliance Spacesystems Inc., Pasadena, built it.
Honeybee Robotics, New York, supplied the powered rasp. Ray Arvidson of Washington Uni-
versity in St. Louis is the lead scientist for the Robotic Arm.

U The Robotic Arm Camera rides fastened to the arm just above the scoop. It will provide
close-up color images of Martian soil at the landing site, of the floor and walls of trenches dug
by the arm, and of soil and ice samples before and after they are in the scoop.

Information the camera reveals about soil textures will aid in selecting samples to pick for
analysis. Observations of trench walls will determine whether they show fine-scale layering,
which could result from changes in the Martian climate.

The camera has a double Gauss lens system, a design commonly used in 35-millimeter cam-
eras. Images are recorded by a charge-coupled device (CCD) similar to those in consumer dig-
ital cameras. The instrument includes sets of red, green and blue light-emitting diodes (LEDs)
for illuminating the target area.

The focus can be adjusted by a motor, which is a first for a camera on an interplanetary space-
craft. The focus can be set as close as about 11 millimeters (half an inch) and out to infinity.
With a resolution of 23 microns per pixel at the closest focus, this camera can show details
much finer than the width of a human hair. For comparison, the microscopic imager cameras
on Mars rovers Spirit and Opportunity resolve features on scale of hundreds of microns.

Ateam led by H. Uwe Keller at the Max Planck Institute for Solar System Research, Katlen-
burg-Lindau, Germany, and by Peter Smith at the University of Arizona originally built this cam-
era for the Mars Surveyor 2001 Lander mission, which was canceled in 2000. It is similar to a
camera on the robotic arm of the unsuccessful Mars Polar Lander spacecraft, though with an
improved illumination system. For the Phoenix Robotic Arm Camera, Keller is the lead scientist
and Chris Shinohara of the University of Arizona is the lead engineer.

U The Surface Stereo Imager will record panoramic views of the surroundings from atop a
mast on the lander. Its images from two cameras situated about as far apart as a pair of hu-
man eyes will provide three-dimensional information that the Phoenix team will use in choosing
where to dig and in operating the robotic arm.

A choice of 12 different filters for each eye enables the instrument to produce images not only
in full color, but in a several specific visual and infrared frequencies useful for interpreting geo-
logical and atmospheric properties. The multispectral and three-dimensional information will
help scientists understand the geology of the landing area. The twin cameras will be able to
look in all directions from a perch about 2 meters (7 feet) above Martian ground level. They will
see with about the same resolution as human eyes, though with a much smaller field of view
per single glance, The camera captures each view onto 1-megapixel charge-coupled devices
(a 1,024-by-1,024-pixel CCD for each eye).

The instrument will sometimes point upward to assess how much dust and water vapor is in
the atmosphere. When the robotic arm delivers soil and ice samples to deck-mounted instru-
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ments, the Surface Stereo Imager will be able to look downward to inspect the samples. Views
of the spacecraft’'s deck will also monitor dust accumulation, which is of scientific interest for
inferences about Martian winds and of engineering interest for effects of dust buildup on the
solar panels.

A University of Arizona team led by Chris Shinohara built the Phoenix Surface Stereo Imager.
Mark Lemmon of Texas A&M University, College Station, is lead scientist for this camera. The
instrument closely resembles a stereo imager on Mars Polar Lander, which in turn used design
features from the imager on Mars Pathfinder, which provided stereo views from the surface of
Mars in July 1997.

U The Thermal and Evolved-Gas Analyzer will study substances that are converted to gases
by heating samples delivered to the instrument by the robotic arm. It provides two types of in-
formation. One of its tools, called a differential scanning calorimeter, monitors how much power
is required to increase the temperature of the sample at a constant rate. This reveals which
temperatures are the transition points from solid to liquid and from liquid to gas for ingredients
in the sample. The gases that are released, or “evolved,” by this heating then go to a mass
spectrometer, an electronic nose that can identify what is in these vapors.

The mass spectrometer will determine whether the samples of soil and ice contain any organic
compounds. It would be used to identify the types and amounts if any are present. Finding
organic compounds would be an important result for interpreting the habitability of the site.
The instrument will also give information about water and carbon dioxide present either as ices
or as molecules attached to minerals. The amount of heat needed to drive off water or carbon
dioxide that is bound to minerals is characteristically different for different minerals. The calo-
rimeter’s information from that process can help identify minerals in the soil, including carbon-
ates if they are present.

The mass spectrometer measures the atomic weights of molecules. Researchers use that
information to identify the substances that are present, as well as their concentrations. For
example, they will be watching for detection of molecules with atomic weights corresponding
to small hydrocarbon molecules. The mass spectrometer can even reveal the ratios of different
isotopes of some elements in the Martian samples. Isotopes are alternate forms of the same
element with different atomic weights due to different numbers of neutrons. Isotope ratios of
elements such as carbon, hydrogen and oxygen can be changed by the effects of long-term
processes that act preferentially on lighter or heavier isotopes of the same element. For exam-
ple, some of Mars’ original water was lost from the planet by processes at the top of the atmo-
sphere, favoring the removal of lighter isotopes of hydrogen and oxygen and leaving modern
Mars water with a raised ratio of heavier isotopes.

The Thermal and Evolved-Gas Analyzer has eight tiny ovens for samples, each to be used
only once. The ovens are cylinders about 1 centimeter (about half an inch) long and 2 millime-
ters (one-eighth inch) in diameter. At the start of an analysis, sample material is dropped into
the oven through a screen. The oven closes after a light-beam detector senses that it is full.
The experiment gradually heats samples to temperatures as high as 1,000 degrees Celsius
(1,800 degrees Fahrenheit). The heating process drives off water and any other volatile ingre-
dients as a stream of gases that are directed to the mass spectrometer for analysis.

One of the samples that the instrument will analyze will be a special material that the lander
carries from Earth, specially prepared as a “blank” to be as free of carbon as possible. This
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will serve as an experimental control for comparison with samples of Martian soil and ice. The
control material is made of a machinable glass ceramic substance named Macor, from Corning
Inc. The arm will scrape some of it up and deliver it to the analyzer to get a reading showing
how well the experiment can eliminate carbon carried from Earth. Despite efforts to minimize
carbon-containing material from Earth that will reach the mass spectrometer on Mars, some
small amount is likely to be evident in data from the instrument. Thus, comparison with this
blank will be an important factor in assessing whether any carbon detected by the instrument is
really of Martian origin or just unavoidable traces of Earth carbon.

The mass spectrometer part of the analyzer will examine samples of atmosphere at the land-
ing site, in addition to the evolved gases from scooped-up samples and the blank. The atmo-
spheric measurements will add information about humidity to the weather data monitored by
the spacecraft's Meteorological Station.

The Thermal and Evolved-Gas Analyzer was built by teams at the University of Arizona, led
by William Boynton (science lead) and Heather Enos (project manager), and at the University
of Texas, Dallas, led by John Hoffman. It is adapted from a similar instrument with the same
name that flew on the Mars Polar Lander mission in 1999.

U The Microscopy, Electrochemistry and Conductivity Analyzer will use four tools to
examine soil. It will assess characteristics that a gardener or farmer would learn from a soil
test, plus several more. Three of the tools -- a wet chemistry laboratory and two types of micro-
scopes -- will analyze samples of soil scooped and delivered by the robotic arm. The fourth tool
is mounted near the end of the arm, and has a row of four small spikes that the arm will push
into the ground to examine electrical conductivity and other properties of the soil.

The wet chemistry laboratory has four teacup-size beakers. Each will be used only once.
Samples from Mars’ surface and three lower depths may be analyzed and compared. The
instrument will study soluble chemicals in the soil by mixing water -- brought from Earth -- with
the sample to a soupy consistency and keeping it warm enough to remain liquid during the
analysis. The beakers function as electronic tongues to taste Martian soil, assessing a wide
range of substances that dissolve out of the soil samples.

On the inner surfaces of each beaker are 26 sensors, mostly electrodes behind selectively per-
meable membranes or gels. Some sensors will give information about the pH of the soil -- the
degree to which it is acidic or alkaline. Soil pH is an important factor in what types of chemical
reactions, or perhaps what types of microbes, a soil habitat might favor, and it is has never
been measured on Mars. Other sensors will gauge concentrations of such ions as chlorides,
bromides, magnesium, calcium and potassium, which form soluble salts in soil, and will re-
cord the level of the sample’s oxidizing potential. One chemically important ion in soil, sulfate,
cannot be directly sensed, so the analysis of each sample will end with a special process that
determines the amount of sulfate by observing its reaction with barium. Comparisons of the
concentrations of water-soluble ions in samples from different depths may provide clues to the
history of water in the soil.

The wet chemistry setup has a built-in robotic laboratory technician that adds specific sub-
stances to each beaker in a choreographed two-day sequence. The process starts before
the soil sample is delivered. The first addition is about 25 cubic centimeters (nearly two table-
spoons) of ice from Earth with dilute concentrations of several ions. This is slowly melted in a
special container, a process that takes one to two hours. After the water is released into the
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beaker, the sensors make baseline measurements at this starting point. The first of five pill-
size crucibles of prepared chemicals is then added to increase ion concentrations by a known
amount in order to calibrate the measurements. Next, a drawer above the beaker extends to
receive the soil sample, and the scoop on the robotic arm drops up to one cubic centimeter
(one-fifth of a teaspoon) of soil into the drawer, which then retracts and dumps the sample into
the beaker. A paddle stirs the soup for hours while the sensors take measurements. The next
day, the second crucible adds nitrobenzoic acid to the beaker to test how ions from the soil
react to increased acidity. The last three crucibles hold barium chloride. As they are added, one
at a time, any sulfate from the soil reacts with the barium to make an insoluble compound, tak-
ing both the barium and the sulfate out of solution. The amount of sulfate in the soil sample is
determined by measuring the amount of unreacted barium left behind.

The “microscopy” part of the Microscopy, Electrochemistry and Conductivity Analyzer will ex-
amine soil particles and possibly ice particles with both an optical microscope and an atomic
force microscope. The robotic arm delivers soil samples to a wheel that rotates to present
the samples to the microscopes. Along the perimeter of the wheel are substrates with differ-
ent types of surfaces, such as magnets and sticky silicone. This allows the experiment to get
information from the particles’ interaction with the various surfaces, as well as from the sizes,
shapes and colors of the particles themselves.

Images from the optical microscope cover an area 2 millimeters by 1 millimeter (about 0.08
inch by 0.04 inch); so, the biggest particles the optical microscope can view are about as long
across as the thickness of a dime, just over a millimeter. The smallest it can see are about 500
times smaller -- about 2 microns across, the smallest scale ever seen on Mars. Even so, the
atomic force microscope will reveal details down to another 20 times smaller than that -- as
small as about 100 nanometers, one one-hundredth the width of a human hair.

The optical microscope obtains color information by illuminating the sample with any combina-
tion of four different light sources. The illumination comes from 12 light-emitting diodes shining
in red, blue, green or ultraviolet parts of the spectrum. Ultraviolet illumination will allow the opti-
cal microscope to check for fluorescence in the samples it examines. Some organic chemicals
and some exotic minerals fluoresce, meaning they glow in visible-wavelength light when illumi-
nated with ultraviolet light.

The atomic force microscope assembles an image of the surface shape of a particle by sens-
ing it with a sharp tip at the end of a spring, which has a strain gauge indicating how far the
spring flexes to follow the contour of the surface. The process is like a much smaller version of
a phonograph needle tracking the bumpiness inside the groove of a vinyl record.

The shapes and the size distributions of soil particles may tell scientists about environmental
conditions the material has experienced. Tumbling rounds the edges. Repeated wetting and
freezing causes cracking. Clay minerals formed during long exposure to water have distinctive,
plate-shaped particles.

The “conductivity” part of the Microscopy, Electrochemistry and Conductivity Analyzer will as-
sess how heat and electricity move through the soil from one spike to another of a four-spike
electronic fork that will be pushed into the soil at different stages of digging by the arm. For
example, a pulse of heat will be put onto one spike, and the rate at which the temperature rises
on the nearby spike will be recorded, along with the rate at which the heated needle cools off.
A little bit of ice in the soil can make a big difference in how well the soil conducts heat. Simi-

14



larly, soil's electrical conductivity is a sensitive indicator of moisture in the soil. Soil moisture
may have subtle stages intermediate between frozen solid and liquid, including warm ice and
water films, which may be biologically available. The device, called the Thermal and Electrical
Conductivity Probe. adapts technology used in commercial soil-moisture gauges for irrigation
control systems.

The conductivity probe has an additional role besides soil analysis. It will serve as a humidity
sensor when held in the air. Also, slight temperature changes from one spike to the next can
allow it to estimate wind speed.

The Microscopy, Electrochemistry and Conductivity Analyzer is based on an instrument devel-
oped for the Mars Surveyor 2001 Lander mission, which was canceled in 2000. The instrument
for Phoenix inherited many of the original electronic and structural components. The conductiv-
ity probe and other improvements have been added to the earlier design.

A team led by Michael Hecht at NASA’s Jet Propulsion Laboratory, Pasadena, Calif., designed
and built the analyzer. A consortium led by Urs Staufer of the University of Neuchatel, Swit-
zerland, provided the atomic force microscope. The University of Arizona provided the optical
microscope, equipped with an electronic detector (the same as in the Robotic Arm Camera)
from the Max Planck Institute for Solar System Research, Katlenburg-Lindau, Germany. John
Marshall of the SETI Institute, Mountain View, Calif., is lead scientist for the optical microscope.
Transfer Engineering and Manufacturing Inc., Fremont, Calif. (formerly Surface/Interface Inc.
of Mountain View, Calif.) designed the sample wheel for the microscopes. Aaron Zent of NASA
Ames Research Center, Moffett Field, Calif., is science lead for the Thermal and Electrical
Conductivity Probe, built by Decagon Devices Inc., Pullman, Wash. For the wet chemistry
experiment, Thermo Fisher Scientific (formerly the Water Analysis Division of Thermo Corp.,
Beverly, Mass.) provided the chemical beakers; Starsys Research Corp., Boulder, Colo. pro-
vided the chemistry actuator assemblies and Tufts University, Medford, Mass., prepared the
crucibles of reagents for mixing with the soil samples. Sam Kounaves of Tufts is lead scientist
for the wet chemistry investigation.

U The Meteorological Station will track daily weather and seasonal changes using tempera-
ture and pressure sensors plus a laser-reflection instrument. The information collected by this
first high-latitude weather station on Mars will aid understanding of how water is cycled sea-
sonally between ice on the ground and vapor in the atmosphere.

The laser tool, called a lidar for “light detection and ranging,” uses powerful laser pulses in

a way comparable to radio pulses emitted by a radar instrument. The laser beam is emitted
vertically into the atmosphere. Atmospheric dust and ice particles in the beam’s path reflect the
light, sending it in all directions, including straight downward. A telescope integrated into the
instrument detects the downward-reflected light. Analysis of the strength and time-delay of the
reflections reveals information about the sizes and altitudes of the particles. Tracking changes
in these atmospheric particles’ abundances and locations over time will help researchers study
how clouds and dust plumes form and move.

The weather station includes a 1.2-meter (4-foot) mast bearing sensors at three heights to
monitor how temperature varies with height near the surface. The temperature sensors are
thin-wire thermocouples; they measure temperature by its effect on the flow of an electrical
current through a closed circuit of two metals with different thermal properties. The thermo-
couples use the metals chromel (a nickel and chromium alloy) and constantan (a copper and
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nickel alloy). Also, hanging from the top of the mast is a wind telltale. This is a small tube that
will be deflected by the wind. The science payload’s stereo camera will record images of the
telltale that will be used to determine wind direction and speed. The top of the meteorology
mast, at 1.14 meters (3.75 feet) above the deck, is the highest point on the lander.

The Canadian Space Agency provided the Meteorological Station for Phoenix. Jim Whiteway
of York University, Toronto, Ontario, leads the Canadian science team. The instrument con-
struction was led by the Space Missions Group of MDA Ltd., Brampton, Ontario, with contribu-
tions from Optech Inc., Toronto, for the lidar. The Finnish Meteorological Institute provided the
instrument for measuring atmospheric pressure. Aarhus University, Denmark, constructed the
wind telltale.

Research Strategy

The planned operational life of the Phoenix Mars lander after it reaches Mars is 90 Martian
days. Each Martian day, often called a “sol,” lasts about 40 minutes longer than an Earth day.
The first week or so after landing will be a characterization phase for checking and understand-
ing the performance of the spacecraft in its new environment. That will leave the Phoenix team
less then three months to use the lander’s instruments to address the water and habitat ques-
tions of the mission’s science objectives. Planning and practice simulations before landing
have prepared the team to make the best possible advantage of that time.

The team plans to conduct the research in a series of cycles of digging and analysis. Each
cycle will likely take more than a week, with each Martian day, or sol, having a different princi-
pal activity. For example, one sol of the cycle would be for the medium-temperature operation
of the Thermal and Evolved-Gas Analyzer, another for high-temperature operation, one sol for
beginning a wet chemistry analysis, another sol for microscopy. While one cycle is being com-
pleted, the team will be refining plans for the next cycle of digging and analysis.

Observations made by orbiter spacecraft during the evaluation of candidate landing sites for
Phoenix provide a starting-point base of knowledge about the area. After Phoenix has landed,
views from the Surface Stereo Imager and closer looks with the Robotic Arm Camera will be
used for choosing where to collect the first soil sample for analysis.

The first soil samples fed into the lander’s analyzers will come from the surface. Decisions
about how much deeper to go before analyzing another sample will depend on results from the
surface material and on what the cameras see in the soil. The Thermal and Evolved-Gas Ana-
lyzer can check for organics and other volatiles in up to eight samples. Researchers must be
more selective with samples for the wet chemistry laboratory of the Microscopy, Electrochem-
istry and Conductivity Analyzer, which can examine four different samples. The microscopes
and conductivity probe can be used more times. Meanwhile, the weather station and stereo
imager will monitor changes in water and dust in the atmosphere throughout the mission. If the
spacecraft remains functional longer than the 90-day prime mission, weather information might
be collected during the approach of the northern hemisphere autumn on Mars, when dwindling
sunlight will eventually make operations impossible and buildup of carbon-dioxide frost will
coat the spacecraft.

What types of findings would help answer questions about the history of water? If the micro-
scopes find fine silty sediments or clay textures, that would be evidence supporting the hy-
pothesis that the northern highlands of Mars once held an ocean. The presence of carbonates
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or other minerals that form in liquid water would be another. Rounded sand grains in the soil
could suggest a history of flowing water.

A gradient in the concentrations of salts at different depths in the soil would support the hy-
pothesis that climate cycles periodically thaw some subsurface ice. The conductivity probe’s
findings about thermal properties of the soil, combined with determination of the depth to an icy
layer, could strengthen estimates for how much change in climate would be needed to melt the
ice. The same ground-truth information will refine models of the ice’s depth and of atmosphere-
ice interactions in widespread areas of Mars that contain subsurface ice.

Using the microscopes and arm camera to learn about how porous and layered the soil is
will help assess whether liquid water has come and gone. The conductivity probe will assess
whether, even today, the soil may have thin films of unfrozen water. Atmospheric measure-
ments as the season progresses thr