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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

EARTH
o 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

Cover An elongated crater called RS year and two Earth years.
Spirit of St. Louis, with a rock spire in
i1, dominates this scene from
Opportunity's Pancam. The . _ R )
crater—about 110 foet (34 meters) long 1 1 A M.artla:m Day Mars rotates on its axis similarly to Ear.th, but a little more slowly, so a Mars
and abont 80 feet (24 meters) day is a little longer than an Earth day. The Mars day, which we call a “sol,” takes 24 hours,
wide—has a floor slightly darker than 39-1/2 minutes. The red and blue numbers in the calendar squares indicate how many sols
the surrounding terrain. The rocky have passed since Opportunity (designated “B” and shown in red type) and NASA's other
features toward the far end of the crater Lo=263.5° operating rover, Curiosity (“C” in blue type) landed on Mars (Spirit had the “A’ designation
is about 7 to 10 feet (2 to 3 meters) tal, ’ while she was in operation). Those dates were January 25, 2004, for Opportunity and August
rising bzg/yg}/' than the crater's rim. 6th, 2012 for Curiosity. For example, on January 1, 2015, the numbers and mean

Opportunity itself is overlain and scaled

to its Surroundings.

Cover image credit

The component images of this mosaic
view were acquired with Opportunity's
panoramic camera (Pancam) on Sols
3,973 and 3,974 (March 29 and 30,
2015). NASA/ JPL-Caltech/ Cornell
Univ. | Arizona State Univ. 3D
rendering of Opportunity:
NASA/JPL-Caltech/ Dan Maas

Spirit landed in Gusev crater on January

that this date marks the 3889th sol that MER-B (technical name for Opportunity) has spent on
Mars and the 855th sol for Curiosity. You will notice that because a sol is slightly longer than a
day, about every 36 days, the calendar skips an Earth day in counting the sols for each of the
rovers. This way, the days and sols can stay synchronized on the calendar.

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
giving the date.

DSN Week Number This number helps all operating deep space missions schedule use of
Earth-based antennas in the Deep Space Network (DSN). DSN week 1 begins on the first
Monday of the calendar year and is numbered sequentially to the end of the year.

4, 2004. Opportunity landed at Eagle
crater on Meridiani Planum Jannary
25, 2004. The rovers were originally
Pplanned to operate for 90 Martian days
(called sols). They have surprised even
their designers with their longevity and
accomplishments. Spirit lasted for over
six years and 2017 marks the thirteenth

Mars Seasons Mars solar longitude (the Lg number on the first day of each month in the
calendar) determines seasons on Mars. As Mars travels around the Sun through 3600, it
experiences seasons just as Earth does.
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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. (No longer operational)

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.

(No longer operational)

Microscopic Imager (MI) - Provides high-resolution
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images of the small-scale features of Martian rocks and
soils.
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UPPORTUNITY'S
MARATHON JOURNEY

First Marathon "Run” on Another Planet
Distance: 26.2 miles Time: 11 years, 2 months
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Opportunity’s Marathon Eleven years and two months after landing on Mars, the total driving distance of NASA's Mars Exploration MARS
Rover Opportunity surpassed the length of a marathon race: 26.219 miles (42.195 kilometers).
Journey This map shows the southward path driven by Opportunity from late January 2004 until it passed marathon

distance on March 24, 2015, during the 3,968th sol of the rover's work on Mars.

The rover's traverse shown here has been mapped onto an image from the High Resolution Imaging Science
Experiment (HIiRISE) camera on NASA's Mars Reconnaissance Orbiter. Image credit: NASA/JPL-Caltech/Univ.
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View from the Summit

March 2017
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Opportunity raises the American flag at the top of the Cape Tribulation segment of the rim of Endeavour
crater. This location is the highest elevation Opportunity has reached since departing the Victoria crater area
in 2008 on a three-year, downslope journey to Endeavour crater.

The component images were taken with Opportunity's panoramic camera (Pancam) during the week after the
rover's arrival at the summit on Sol 3,894 (January 6, 2015). In this version of the panorama, the landscape is
presented in false color to make differences in surface materials more easily visible. Image credit: NASA/-
JPL-Caltech/Cornell Univ./Arizona State Univ.
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Marathon Valley
Overlook

May 2017
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A view of Marathon Valley, a destination on the western rim of Endeavour crater, as seen from an overlook
north of the valley. The scene spans from east, at left, to southeast. The Opportunity rover team selected

Marathon Valley as a science destination because observations of this location using the Compact

Reconnaissance Imaging Spectrometer for Mars (CRISM) instrument on NASA's Mars Reconnaissance
Orbiter yielded evidence of clay minerals, a clue to ancient wet environments.

This image combines four pointings of the rover's panoramic camera (Pancam) on Sol 3,958 (March 13,
2015). In this version of the image, the landscape is presented in false color to make differences in surface

materials more easily visible. Image Credit: NASA/JPL-Caltech/Cornell Univ./Arizona State Univ.
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Lindbergh Mound

July 2017
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This view shows Lindbergh Mound, which is a 7-10 foot (2-3 meter) tall rocky feature inside Spirit of St. Louis
crater. Another mosaic taken from a different position shows part of the hidden side of this rocky feature in the
crater.

This approximately 32 degree wide mosaic was acquired with Opportunity's panoramic camera (Pancam) on

Sol 4,066 (July 2, 2015). Pancam's 753nm, 535nm, and 432nm filters were used in making this mosaic. Image
credit: NASA/JPL-Caltech/Cornell Univ./Arizona State Univ.
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Marathon Valley
North Wall

This field of view features part of the north wall of Marathon Valley, to the northwest of the Opportunity

rover.

This mosaic—with a field of view of approximately 30 degrees—was acquired with Opportunity's
panoramic camera (Pancam) on Sol 4,087 (July 24, 2015). Pancam's 753nm, 535nm, and 432nm filters

were used in making this mosaic. Image credit: NASA/JPL-Caltech/Cornell Univ./Arizona State Univ.
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Dunes in
Endeavor Crater

While exploring through Marathon Valley, Opportunity captured this beautiful mosaic of the dunes in the
valley of the Endeavour crater floor.

This mosaic—with a field of view of approximately 73 degrees—was acquired with Opportunity's panoram-

ic camera (Pancam) on Sol 4,142 (September 18, 2015). Pancam's 753nm, 5635nm, and 432nm filters were
used in making this mosaic. Image credit: NASA/JPL-Caltech/Cornell University/Arizona State University
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January 2018
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This image shows streaks of dust or sand on Opportunity's rear solar panel after a series of drives during
which the rover was pointed steeply uphill. At the time this photo was taken, the rover was located on the
north-facing slope of Knudsen Ridge, which forms part of the southern edge of Marathon Valley. During an
earlier forward, uphill drive in this region, Opportunity's tilt reached 32 degrees, the steepest ever for any
rover on Mars. While the rover was so steeply tilted, accumulated dust on its deck was affected by vibrations
from wheels slipping against the ground. Tilt in the same direction continued with two downhill drives in
reverse between that ascent and when this images was taken.

Opportunity captured this image from a navigation camera on the rover's mast on Sol 4,322 (March 21, 2016).
The inset image was collected by the rover's panoramic camera (Pancam). Image credits: NASA/JPL-Caltech
(navigational camera image) and NASA/JPL-Caltech/Cornell Univ./Arizona State Univ. (Pancam image)
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Shadows and Tracks

Opportunity's shadow and wheel tracks appear in this image, taken just after a drive on a slope above

Endeavour crater. The upper portion of the wide-angle image shows the underside of Opportunity's solar array.
On the day this image was captured, Opportunity drove westward about 40 feet (12 meters) along the ridge
forming the southern edge of Marathon Valley, which cuts east-west through the western rim of Endeavour crater.
In this image, the slope descends to the left into Marathon Valley, and the broad floor of Endeavour crater can be
glimpsed just beneath the underside of the solar array.

The Opportunity rover captured this image with a rear hazard avoidance camera (hazcam) on Sol 4,323 (March
22, 2016). The image has been rotated 13.5 degrees to adjust for the tilt of the rover on a hillside. This version has
also been geometrically linearized to straighten curves that are an effect of the fisheye lens in the raw image.

Image Credit: NASA/JPL-Caltech
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This image shows a target called Private Joseph Field that is within the Marathon Valley area of the western rim
of Endeavour crater. The mosaic shows an area spanning about 2 inches (5 centimeters). Geochemical data
indicate the presence of magnesium and iron sulfates at this location, most likely corresponding to the white
pebble visible near the center of the image. These sulfates may have formed from the interaction of acidic fluids
with the rocks along the rim of Endeavour crater.

Private Joseph Field

This image is a combination of four frames from the microscopic imager on the robotic arm of the Opportunity
rover, with enhanced color information added from the rover's panoramic camera. The component images were

June 1, 2018
captured on Sol 4,389 (May 29, 2016). Image Credit: NASA/JPL-Caltech/Cornell Univ./USGS/Arizona State Univ.
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These grooves were found by Opportunity along the side of Endeavour crater’s rim, near Marathon Valley.
Opportunity investigated these features to help the science team better understand if they were shaped
by wind or by water. The groove on the right side of the image is approximately one meter wide from rim
to rim.

Component images were captured with Opportunity's panoramic camera (Pancam) from Sols 4,461 to
4,467 (August 11, 2016 to August 17, 2016). Pancam's 753nm, 535nm, and 432nm filters were used in
making this mosaic. Image credit: NASA/JPL-Caltech/Cornell Univ./Arizona State Univ.
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Inspecting Gasconade

September 2018
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This relatively bright outcropping of rock, dubbed "Gasconade," was investigated while the Opportunity rover
was perched on Spirit Mound at the western edge of Mars' Endeavour crater. The view covers an area about 2
inches (5 centimeters) wide. Opportunity's inspection found Gasconade to be a wind-etched outcrop with
angular bits of darker rock within a lighter matrix, which may have been formed from fallout of the same
impact event that excavated the crater.

This image is a mosaic of four frames captured by the microscopic imager on the robotic arm of the Opportuni-

ty rover. The component images were captured on Sol 4,512 (October 2, 2016). Image credit: NASA/-
JPL-Caltech/Cornell Univ.
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Martian Dust Devil

November 2018
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From its perch high on the rim of Endeavour crater, Opportunity recorded this image of a Martian dust
devil twisting through the crater floor below. The view looks back at the rover's tracks leading up the
north-facing slope of Knudsen Ridge, which forms part of the southern edge of Marathon Valley. Just as
on Earth, a dust devil is created by a rising, rotating column of hot air. When the column whirls fast
enough, it picks up tiny grains of dust from the ground, making the vortex visible. Dust devils were a
common sight for Opportunity's twin rover, Spirit, in its outpost at Gusev crater. However, dust devil
sightings—Ilike this one—have been rare for Opportunity.

Opportunity captured this image using its navigation camera on Sol 4,332 (March 31, 2016). Image Credit:
NASA/JPL-Caltech
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QUICK FACTS

Mars Exploration 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
Mission

Spirit - 6 years Opportunity - Over a decade

Launch Vehicle

Boeing Delta Il

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.

Size 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 - 43.5 kilometers (27 + miles)

Images Sent to Earth

Spirit - 125,000 Opportunity - 200,000+

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.

National Aeronautics and Space Administration

Jet Propulsion Laboratory

California Institute of Technology

Pasadena, California

WWww.nasa.gov

JPL 400-0000 12/16

The aeroshell protects the rover from fiery temperatures as it
enters the Martian atmosphere.
Artist’s rendering
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