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Mission Overview

Two robotic geologists
are currently exploring
two distinct sites on the
Martian Surface. Each
rover carries a suite of
science Iinstruments
designed to search for
evidence of water.

..Why search for water?
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First close-up views

Mariner 4 Viking 1



Mars: a close cousin of Earth

Volcanoes, Canyons, and
L ayered Terrain in lceland
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Olympus Mons on Mars

Crater, Noachis Terra Mount St Helens



Mars is hostile, but we find life in
extreme environments
everywhere we look on Earth.
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Robotics: How to build a geologist




The rover’s "eyes” are its cameras.
Each rover has 9 “"eyes.”




with wheels

"

“legs

The rovers have

to get around on Mars.




The rovers have an arm and a scraping tool
that perform the same function as a
geologist’s rock hammer.

Microscopic Image



The rovers have brains -- but they’re
located in their bodies!




The rovers listen and speak to Earth with
their communications antennas.




The rovers get their energy from the sun,

which warms their “backs.”
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Landing Site Selection




Candidate Landing Sites

A) £15° Latitude Band, <-1.3 km Elevation; ~5% of Surface

B) Smooth, Flat Over Ellipse, ~155 Possible Landing Sites

C) 25 of these sites were selected by the Scientific Community for
further consideration



The Landing Ellipse
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And the winners are...

Meridiani Gusev Crater




Gusev Crater

Compelling evidence that
water pooled in the crater

Lakebed deposits can
preserve substantial
evidence of past water-
related processes,
environmental conditions,
and habitability

Ice-covered lake? Short-
lived playa lakes? Muddy
debris flows? Ancient
highland rocks deposited in
the crater?




Meridiani Planum

Gray hematite: Precipitate from large
standing body of water? Precipitate from
warm percolating water? Cold ground
water? Surface weathering coatings on
rocks? High-temperature oxidation of
volcanic rock?

119 km x 17 km landing ellipse MOC image 3 km across, 3 m/pixel
(75 miles x 11 miles) (2 miles across, 10 feet/pixel)

NASA/JPL/MSSS




Opportunity

Spirit




The Cruise Trajeétory

1 Mars at Arrival
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Mars at Launch



Entry, Descent, & Landing Timeline

f@ Entry Turn & HRS Freon Venting: E- 70m
fe Cruise Stage Separation: E- 15m
v Entry: E-0's, 125 km, 5.7 km/s

\ Parachute Deployment: E+ 295 s, 11.8 km, 430 m/s

P
NHeatshield Separation: E+ 315 s, L — 105s

=
Lander Separation: E+ 325s,L—-95s

=

Bridle Deployed: E+ 335s,L—-85s

Rocket Firing: L-7 s, ~150 m, 90 m/s

&9 Radar Ground Acquisition: L - 18 s
y == Ajrbag Inflation: 355m, L-10.1s
w

Bridle Cut: L- 3 s, ~20 m

Deflation: L+20 min

Petals & SA
Opened: L+90 min




Opportunity EDL




Entry, Descent and Landing

Entry: 11 Degree Angle

100 KM
Any steeper and “Top” of the +1-10 km flight
you get to the s pettenor “Entry Flight

Path Angle”
{(~11 degrees)

ground too fast!

Lander Path

Peak Heating
and Deceleration

Any shallower Deploy Parachute
s (about 5-8 km up)
and you “skip
out” back into
Space!



Heatshield takes out 90% of the
energy




Parachutes open at Mach 1.3 and slow
the lander to 200 mph




Rockets and airbags do the rest




Another Successful Landing!




Landscapes
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A new view
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Once safe on the surface, it's time to:

Open up the lander and unfold the
rover,

Call home,
Look around,

Get moving and explore!




Operations Timeline

Surface Operations

Science D/L Mtg

Operate

Science Planning

Downlink

Upllnk & Review Products |nt?gration & Validation

SroessecEs.

Activity Planning

Activity Plan

FLIGHT RULES
do not shutdown during comm

earth in control after resume

stow carmera before shutdown

don't use ground flagged cmds

do not operate science during UHF

do not drive during comm
do not deactivate IDD seqs

Command Approval
Meeting

Final
sequences

Science
Sequences

Master|Sequence

Engineering
Sequences




Anmsusst




Science Results



Preliminary Hints of Water @ Gusev
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e Fractures filled with
alteration material
Indicate rocks may
have been altered
by a small amount
of water

'Humphrey”
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Evidence of Water @ Meridiani
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Chemical Evidence

_— 1« High concentrations of
sulfate salts

e Jarosite (hydrated iron
sulfate)

Mossbauer Spectrum ofElEapitan: Meridiani Planum * On Earth, rOCkS Wlth a.S
Jarosite: (K, Na, X ')Fe,(SO,) (OH), .
much salt as this mars
rock either have formed In
| @ Fe*Jarosite -
| @ Fo*ohase water or, after formation,
l @ Fe’'silicate

Veloolty ——p ] . ® Magnetic phases have been altered by long
R exposures to water.
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Crystals of salt
minerals form within
rocks that sit in briny
water.

Crystals disappear by
erosion, or by
dissolving in less-salty
water

Voids, called “Vugs’
are left behind.

Vugs shown are about
1 cm long




Geological Evidence: Spherules

e “Blueberries” could be
formed by:

Volcanic Eruption

Molten rock ejected during
Impact

Accumulation of minerals

coming out of a solution inside a
porous, water soaked rock

Hematite

Grain Size consistent with
hematite formed in a wet
environment.

Interlocking spherules,
random distribution support
a wet past




Geological Evidence: Cross-Bedding

e Layers that lie at an
angle to main layers
can result from the
action of wind or water

e The small scale and
concave patterns
shown here hint at
water.




WATER,
ON THE ROCKS.




Mars In the classroom

e http://marsrovers.jpl.nasa.gov/classroom/

e Classroom Activity Guide
- Rover Races
- Martian Candy Core Samples


http://marsrovers.jpl.nasa.gov/classroom/

Before and After

T
M

image credit: NASA/JPL/Malin Space Science Systems.



Before and After

image credit: NASA/JPL/Malin Space Science Systems.
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Additional Images
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Extras

Spirit’s Drive to Bonneville

Spirit Launch

Fun Stuff

Extra Images
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Spirit of Mars - '
A galactic blend - : -
of SKYY Vodka, ,i .

Kahlua, Hiram Walker

Butterscotch Schnapps \
and fresh milk, perfectly :
shaken and topped with chocolate
sprinkles and whipped cream.

_ CREATED By’

b °
= JAMES CUMMINGS, VANCOUVER INTERNATIONAL AIRPORT
« GRrRAND Prize WINNER
. e 2003 A RPORT MixoLOGY CONTEST
CE000 Kani® Licihun, 36500 A on: Com v v Ovno Arkiso Dowfca Semrs UEK, WesroonroCT. M Framy, Dok Bagroosnr, @ A0k Ragoonsibly



|
i
¥




LONG JOhN § e

_Home .!J_wt.hl_s_‘-‘-y\mrs seOppE ' LISFom  Press Releases  Store Loeator

NASA FINDS OCEAN WATER ON MARS!
LOMNG JOHN SILVER'S GIVES AMERICA FREE GIANT SHRIMP TO CELEBRATE

Long John Silver's President Calls Discovery
"0One Small Step for Man, One Giant Leap for Giant Sheamp™

LOUISYILLE, KY, March 24, 2004 - p

hrirnp if MAasa nd c aui an
To celebrate the success of NASA's Mars Rover
project, the company is going to give America free Giant
Shrimp on Monday, May 10.

On Monday, May 10, between the hours of 2 p.m. and 3 p.m.,
customers can stop by any participating Long John Silver's
restaurant and enjoy a free Giant Shrimp (one piece per customer).




£ SION TEAM
Jet Propulsion Laboratory

Dr. Bunsen Honeydew & Beaker, MUP
CONGRAT TIONS!
Dear colleagues,

It is with mixed otions that Muppet Labs offers you a
hearty “congre ations” on the recent 3
ars Rovers, t 1ity. ¥
that your rem: able & . ent is a real
thing for entire scientific community, we at Muppet

tion Team (MULMET) wanted to get th

o close: a mere three eks—gi or

of error--from ls hing our own Mars

in the spirit of scientific camaraderie and
that we'll-beat-you-next-time, Muppet Labs
sends you and your team an enthusiastic “Well done,

bucko!”
Scientifically yours,

DR.BUNSEN HONEYDEW PHD. eS@

PS: If you continue to have

Rover, my assistant Beaker

roadside assistance on Mars, u
thoroughly untested Interplanetary
Catapult..or as we at MULMET like to call
Fling”.

PPS: Meep-meep-meep-meep-MEEP-MEEP-MEEP-MEEP!!!!1!1!

TR

DR. BUNSEN
HONEYDEW PHD. ES&:




€ Original Artist
teproduction rights abtainable from
Cartoonstock.com

MASAFINDS CONCLUSIVE EVIDENCE THERE ONCE
WAS WATER ON MARS







Potential Records in 2005 Guinness

First inspection of a rock
Interior on another planet:
Spirit

Biggest Science Web Event:
MER (4.4 billion hits)

Heaviest Rover on Mars: Spirit
& Opportunity (174 kg each)

Most bounces on surface of
Mars: Spirit, 28

Highest Resolution Image: Spirit
& Opportunity

Most Images returned by Mars
Rover in 1 day: Spirit, 349

Most Data returned by a Mars
Rover: TBD

e Highest number of

science instruments on a
mobile surface probe:
Spirit & Opportunity, 7 ea

Fastest Rover on Mars,
Spirit & Opportunity, 3
meters/minute
Longest distance

traversed in one sol,
Opportunity, ~100 meters

Most Sleep Deprived
group, MER team

Longest Living Rover on
Mars, Spirit, 107 sols



Unused Material



Les conoux de Mars selon G. Schioparelli

Telescopes brought beliefs of
canals and the Martians
who could have built them.



> . | ' | Viking 2
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Mars In the classroom

http://marsrovers.jpl.nasa.gov/classroom/

http://origin.mars5.pl.nasa.gov/classroom/
students.html

http://passporttoknowledge.com/mars/firstl

ook.html

http://www.marsguestonline.org/mer/

http://zipcodemars.jpl.nasa.gov/index.cfm



http://marsrovers.jpl.nasa.gov/classroom/
http://origin.mars5.jpl.nasa.gov/classroom/students.html
http://origin.mars5.jpl.nasa.gov/classroom/students.html
http://passporttoknowledge.com/mars/firstlook.html
http://passporttoknowledge.com/mars/firstlook.html
http://www.marsquestonline.org/mer/
http://zipcodemars.jpl.nasa.gov/index.cfm
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