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How to Use the Calendar

A Martian Year Each page of the calendar has a diagram showing the relative position of
Earth and Mars on the first day of the month. Mars is farther from the Sun compared with

Northern Autumn/

Southern Spring
Lg=180°

EARTH
L Earth, so it takes Mars longer to complete one orbit and its year is longer than an Earth year. A
Mars year is 687 Earth days long - almost two Earth years. This calendar covers one Martian
T ARS year and two Earth years.
Cover _Au approximately true-color
panoramic of "Widowiak Ridge" created
by images from NASA's Mars ] ) I _
Excploration Rover Opportunity. 1 1 A M.artlz-m Day Mars rotates on its axis similarly to Ear.th, but a little more slowly, so a Mars
A computer-generated image of day is a little longer than an Earth day. The Mars day, which we call a “sol,” takes 24 hours,
Opportunity itself is overlain and scaled 39-1/2 minutes. The red and blue numbers in the calendar squares indicate how many sols
to its surroundings. The ridge stands have passed since Opportunity (designated “B” and shown in red type) and NASA's other
prominently on the western rim of L=263.5° operating rover, Curiosity (“C” in blue type) landed on Mars (Spirit had the “A’ designation
Endeavour crater, about 200 meters (or ) while she was in operation). Those dates were January 25, 2004, for Opportunity and August
yards) west of 1he rim's main crest line. 6th, 2012 for Curiosity. For example, on January 1, 2015, the numbers and mean
that this date marks the 3889th sol that MER-B (technical name for Opportunity) has spent on
Cover image credit Mars and the 855th sol for Curiosity. You will notice that because a sol is slightly longer than a
Fanoramic landscape: day, about every 36 days, the calendar skips an Earth day in counting the sols for each of the
NASA/JPL-Caltech] Cornell rovers. This way, the days and sols can stay synchronized on the calendar.
3D rendering of Opportunity:
NASA/ ] PL-Caltech/ Dan Macas. Day of Year The number in the top right corner of each calendar square is the consecutive
day of year (DOY) number, commonly used in space mission operations as a shorthand way of
Spirit landed in Gusev crater on January QVINGINE BaIE.
4, 2004. Opportunity landed at Eagle
crater on Meridiani Planum Jannary DSN Week Number This number helps all operating deep space missions schedule use of
25, 2004. The rovers were originally Earth-based antennas in the Deep Space Network (DSN). DSN week 1 begins on the first
planned to operate for 90 Martian days Monday of the calendar year and is numbered sequentially to the end of the year.
(called sols). They have surprised even
their designers with their longevity and
accomplishments. Spirit lasted for over Mars Seasons Mars solar longitude (the Lg number on the first day of each month in the
six years and 2015 marks the eleventh calendar) determines seasons on Mars. As Mars travels around the Sun through 36009, it
anniversary of the Opportunity's experiences seasons just as Earth does.
continuing exploration on the surface of
Mars.
Northern Spring/Southern Autumn
Lg=0°
Northern
Winter/
Visit mars.jpl.nasa.gov Southern
Summer ,.
Ls=270° Northern Summer/

Southern Winter
LS=900

ROVER INSTRUMENTS

Spirit and Opportunity

Opportunity has six science instruments, along with six
engineering cameras.

Remote Sensing Instruments

Panoramic Camera (Pancam) - Creates high-resolution
color images with a stereoscopic camera pair that can

Navigation cameras

Mini-thermal emission
spectrometer (at rear)

Panoramic

cameras

rotate in a complete circle and look straight up and down.

Miniature Thermal Emission Spectrometer
(Mini-TES) - Analyzes infrared light to identify
rock-forming minerals; measures the heat-holding
properties (thermal inertia) of rocks and soils; measures
atmospheric temperatures from the surface to 10
kilometers (6.2 miles) in altitude.

Contact Science Instruments
Rock Abrasion Tool (RAT) - Brushes and grinds rocks
to clean away dust and other surface deposits so the

spectrometers can analyze their composition.

Alpha Particle X-ray Spectrometer (APXS) - Measures
the chemical composition of Martian rocks and soils.

Mossbauer Spectrometer (MB) - Measures
iron-bearing minerology of rocks and soil.

Microscopic Imager (MI) - Provides high-resolution
images of the small-scale features of Martian rocks and

«<— Low-gain antenna

~~ antenna

. «— Calibration target

<>

(—T

Magnet array

(forward)

Microscopic
imager >

Alpha particle
X-ray
spectrometer

Méssbauer
spectrometer

Rock abrasion tool

soils. Front (2) and rear (2) Hazard

Avoidance Cameras (not shown)
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Lander Trench

Opportunity’s wheels dug this trench into the sandy soils of Eagle crater to explore the nature of small
wind ripples near the center of the crater. The trench cross-cuts the rover's first "footprint" wheel tracks.
The white material at the top is the fabric ramp that the rover drove off of from the lander. The soil at the
end of the ramp was compressed and disturbed by the weight of the rover as it drove down the ramp. The
robotic arm instruments, glistening in the Martian sunlight, are preparing to make measurements inside
the trench.

MARS

This is an approximate true color mosaic of images acquired by Opportunity’s Navigation Camera and
Panoramic Camera. The trench was dug on Sol 55 (March 20, 2004). Image credit: NASA/JPL/Cornell.

February 1, 2015
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A Layered Story
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Opportunity investigated this target rock, named “Last Chance,” in the Meridiani Planum region of Mars.
The area covered in the view is about 5 centimeters (2 inches) across. Not only does the rock include a
couple of Mars’ famous “blueberries,” but it also holds other hints of a wet Martian past. Notably, it
displays a kind of layering referred to as cross-stratification. On Earth, this kind of deposit only forms in
areas with flowing water.

Opportunity acquired the images for this mosaic using its Microscopic Imager on Sol 39 (March 3, 2004).
Credit: NASA/JPL-Caltech/Cornell Univ./USGS
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April 1, 2015
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A “Blueberry” Bonanza

May 2015
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Rich in the mineral hematite, these Martian spherules are nicknamed “blueberries” due to their blue
appearance in false-color images. A cross-section view of a spherule provides a fortuitous glimpse into
its interior. The average diameter of a blueberry is only about 4 millimeters (less than 0.2 inches). While
their origin remains uncertain, their inclusion in sulfate evaporite deposits and hematite’s association with
liquid water puts these objects on the growing list of evidence for liquid water on the surface of Mars long
ago.

Image created by data from Opportunity’s Microscopic Imager and Panoramic Camera from Sol 84 (April,

19, 2004). NASA/JPL-Caltech/USGS/Cornell
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Impressive Impact
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Just over 11 months after arriving at Mars, Opportunity investigated the site where its heat shield (2.65m
dia.), ejected during the landing sequence, and hit the ground south of "Endurance crater.” On the left, the
main heat shield piece is inverted and reveals its metallic insulation layer, glinting in the sunlight near a
second piece of debris in the center. The circular feature on the right side of the image is the crater made
by the heat shield's impact. The impact excavated a large amount of reddish subsurface material. Darker
materials cover part of the crater's flat floor and have formed a streak or jet of material pointing toward the
two largest heat shield fragments.

Components for this approximately true-color mosaic were taken by Opportunity’s Panoramic Camera on
Sol 330 (December 28th, 2004). Image Credit: NASA/JPL-Caltech/Cornell.
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NASA's Mars Exploration Rover Opportunity captured this image showing "Cape St. Vincent," one of
many promontories that jut out from the walls of Victoria crater. The material at the top consists of loose,
jumbled rock. A bit further down into the crater, an abrupt transition to solid bedrock is marked by a bright
band of rock, visible around the entire crater. Scientists think this bright band represents what used to be
the surface of Mars just before an impact formed Victoria crater.

Component false-color images for this mosaic taken by Opportunity's Panoramic Camera on Sol 1,167
(May 6, 2007) to accentuate differences in surface materials. NASA/JPL-Caltech/Cornell
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Foreshadowing
Discoveries

NASA's Mars Exploration Rover Opportunity captured this shadowy view from the western rim of "Santa
Maria" crater. The crater is about 90 meters (295 feet) in diameter. During the “down time” of solar con-

junction (when Earth and Mars are on opposite sides of the Sun and communication is blocked), Oppor-

tunity paused to study hydrated sulfates here, on its way to the much larger Endeavor Crater. Hydrated
sulfates form in wet conditions, giving scientists clues to whether Mars had environmental conditions

favorable to microbial life in its ancient past.

Cylindrical projection of image taken by Opportunity’s Navigation Camera on Sol 2,454 (Dec. 19, 2010).
NASA/JPL-Caltech
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During the Martian winter in late 2011 and early 2012, NASA's Mars Exploration Rover Opportunity spent
four months on a northward sloped outcrop, "Greeley Haven," which angled the rover's solar panels
toward the Sun low in the northern sky. This break didn't stop it from using its Panoramic Camera to take

the 817 component images to make this portion of the breathtaking, 3600 false-color panorama, though.

North is at the center of the image. Opportunity's tracks can be seen extending from the south, with a

turn-in-place and other maneuvers evident from activities to position the rover at the outcrop.

Taken by Opportunity's Panoramic Camera between the 2,811th sol (December 21, 2011) and Sol 2,947
(May 8, 2012). Image Credit: NASA/JPL-Caltech/Cornell/Arizona State Univ.
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Playing with Clays
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Nearing the ninth anniversary of its landing on Mars, Mars Exploration Rover Opportunity explored
“Matijevic Hill.” This area lies within the "Cape York" segment of Endeavour crater's rim, where orbiters
previously detected clay minerals known to form in water and to preserve signs of organics, the chemical
building blocks of life. The rover studied two features: the dark outcrop "Copper Cliff" (left center), and the
bright outcrop "Whitewater Lake" (far right).

Component false-color images for this mosaic taken by Opportunity's Panoramic Camera from the
mission's 3,137th sol (Nov. 19, 2012) through Sol 3150 (Dec. 3, 2012). NASA/JPL-Caltech/Cornell/ASU
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D|rty and Clean Selfies These two self-portraits of NASA's Mars Exploration Rover Opportunity show dust on its solar panels
before and after a “cleaning event,” when the Martian wind removes dust build up. Cleaner panels give
the rover a longer lifespan by increasing available power. Prior to this dust removal in its sixth Martian
winter, engineers needed to place the rover on an extreme northward tilt to provide necessary power for
the rover to operate. With this cleaning event, Opportunity regained power levels only seen years before,

allowing it to expand its discoveries about wet environments on ancient Mars. MARS

Taken by Opportunity’s Panoramic Camera on Sols 3,535 - 3,538 (January 3-6, 2014; left) and Sols 3,611 - June 1, 2016
3613 (March 22-24, 2014; right). NASA/JPL-Caltech/Cornell/ASU
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July 2016

Stunning Vistas!

NASA's Mars Exploration Rover Opportunity captured these stunning vistas from the western rim of
Endeavour crater. The top view is from the southern end of "Murray Ridge"—the rover’'s home for its sixth
Martian winter. The lower image provides a view of "Pillinger Point"—a destination for Opportunity
because observations from orbit indicated the presence of a clay mineral named montmorillonite. This
mineral forms under wet conditions and may be a clue to whether Mars once had conditions for microbial
life in its ancient past. SARS
Component false-color images for these mosaics taken by Opportunity’s Panoramic Camera. Top image
taken on Sol 3637 (April 18, 2014), and bottom image on Sol 3,663 (May 14, 2014).
NASA/JPL-Caltech/Cornell/ASU
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Tracking Our Progress
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NASA's Mars Exploration Rover Opportunity looked back toward the west rim of Endeavour crater, where
the rover drove, heading southward during the summer of 2014. The high point on the rim (left half of the
image) is the southern end of "Murray Ridge." Tracks from drives from mid-July 2014 are faintly visible
near there; tracks from subsequent drives advance to the foreground. The most distant visible tracks are
from nearly half a mile prior to Opportunity's arrival here.

Component false-color images for this mosaic taken by Opportunity’s Panoramic Camera on Sol 3,754
(August 15, 2014) to enhance the visibility of the wheel tracks. NASA/JPL-Caltech/Cornell/ASU
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Record-Breaking Drive!
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NASA's Mars Exploration Rover Opportunity now holds our solar system's distance record for off-Earth
driving! On its 3,735th Martian sol (July 27, 2014). the rover drove 157 feet, bringing its total odometry to
40.25 kilometers (25.01 miles). The previous record holder was the Soviet Union's Lunokhod 2 rover,
which landed on Earth's moon on Jan. 15, 1973 and drove about 39 kilometers (24.2 miles) in less than
five months. The gold line shows Opportunity's route from its landing site inside Eagle Crater (upper left)
to its location after the Sol 3,735 drive. The rover has been investigating the western rim of Endeavour

Crater since August, 2011.
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December 1, 2016
Traverse map of Opportunity’s journey on Mars; base map: Context Imager on Mars Reconnaissance
Orbiter. NASA/JPL-Caltech/MSSS/New Mexico Museum of Natural History & Science
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QUICK FACTS

Mars Explorati(_)n Rovers

Mission Objective

To determine the climatic and geologic history of two sites on Mars with
evidence of past, persistent water activity that may have supported micro-
bial life.

Primary Mission

90 Martian days (sols)

Primary/Extended Spirit - 6 years Opportunity - Over a decade

Mission

Launch Vehicle Boeing Delta I

Launch Spirit - June 10, 2003 (UTC); Opportunity - July 7, 2003 (UTC)

Landing Spirit - January 4, 2004 (UTC) at Gusev Crater (14.57°S, 175.47°E)

Opportunity - January 25, 2004 (UTC) at Eagle Crater on Meridiani
Planum (1.95°S, 354.47°E)

Landing Technology

Atmospheric entry aeroshell, backshell with parachute and retro
rockets, and airbags to cushion landing.

1.6 meters high, 1.5 meters long, 2.2 meters wide (5.2 feet high,
4.9 feet long, 7.2 feet wide)

Arm Reach

0.7 meters (—2.3 feet)

Wheel Diameter

25 centimeters (~10 inches)

Mass

180 kilograms (~400 pounds)

Total Distance

Spirit - 7.7 kilometers (4.8 miles)
Opportunity - 41+ kilometers (25+ miles)

Images Sent to Earth

Spirit - 125,000 Opportunity - 186,000+

The Jet Propulsion Laboratory in Pasadena, California, designed and built the rovers Spirit and
Opportunity. JPL also manages the Mars Exploration Rover Project for NASA's Science Mission
Directorate in Washington, D.C.
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