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ASTR 4800 - Space Science: Practice & Policy
Today: Robotic Exploration of Mars dam # 1 ResultS

* Next Class: The
Astrophysics Decadal
Survey.

Reading: Skim Decadal
Survey that is linked to the
class website for Oct. 19.
Name & bio of your
interviewee is due to me
via E-mail by Wednesday,
Oct. 19.
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A Brief Int_r.od“u‘éﬁon to.Mars
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History of Robotic Exploration
of Mars
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Out of 55 missions up to 2019, only 25 were deemed provt:

successful... ~45% success rate! il i | oy

But, since 2001, 12 out of the 16 missions have been ﬂ
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successful

Today, international array of 13 spacecrafts (one lander, '8
orbiters, 3 rovers, one helicopter)
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Question: Why is it so hard TEEEENEE CE O T e || I
to land on Mars? Summary of the past 25 years of continuous robotic Mars explorers.

Source: nasa ars-of b loration-f hfind 6



https://www.youtube.com/watch?v=gwinFP8_qIM
https://www.nasa.gov/feature/25-years-of-continuous-robotic-mars-exploration-from-pathfinder-to-perseverance
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- Early History of Robotic Exploration of Mars

~ NASA Mariner Program:

Mariner 4: Nov. 1964, achieved first Mars flyby and 21 images
Mariner 6 -ansmission of 201 total photos, led to creation of surface
relief map, info on Martian gravity and magnetic fields
- Mariner 9: May 1971, orbited Mars, lransnj}ned and a!mosphenc
pressure and temperature reama. sﬂc&nﬂlqg T, discovers
es and
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NASA'’s Robotic Exploration of Mars History

Viking Program: two orbiters and two landers

- Viking 1 and 2 launched Aug. 1975, successful orbit and landing on
Mars

- Found floods of water carved valleys, suggested rain fell in Southern
Hemisphere, biological experiments for existence of microorganisms
proved inconclusive

Mars Global Surveyor: replaced failed Mars Observer

- launched Nov. 1996, began primary mapping mission 1999 in nearly
polar orbit
- functioned until Nov. 2006 and communications lost 2007

NASA'’s Robotic Exploration of Mars History

Mars Pathfinder and Sojourner Rover: launched Dec. 1996, 1st operational rover

- Images from gullies and debris flow suggest current source of liquid water
- Magnetic field localized in crust

Mars Odyssey: launched April 2001, found water and volcanic activity

- GammaRay found hydrogen,

Spirit and Opportunity Rovers: launched June & July 2003

search for evidence of past flowing water, geology primary objective

vast deposits of water ice in Northern Pole

Current Robotic Exploration of Mars

o NASA's Curiosity Rover: Nov. 2011, explored habitability of Mars
» Found nutrients and energy sources to support microbes, methane and
organic compounds

« NASA's Perseverance Rover and Ingenuity Helicopter: July 2020, to explore
Jezero Crater and look for signs of life, 1st helicopter on another plane

« NASA's InSight: May 2018, stationary lander investigating deep interior

« China’s Zhurong Rover: July 2022, look at water content in soil and Martian
climate, 1st non American rover on another planet

« 8 orbiters surveying planet

Class Exercise!

What are the benefits of sending
humans to Mars over rovers?

NASA’s Cur|03|ty Accompllshments
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Perseverance Landing Video (~ 3 minutes)

Science Objectives for NASA’s Perseverance Rover

Objective A: Geology

e Study rocks and landscape to reveal history

Characterize processes that formed and how they modified the

geological area

e Jezero Crater: orbiters confirmed presence of clay minerals and
carbonates which indicates area was flooded with water
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Science Objectives for NASA’s Perseverance Rover Science Objectives for NASA’s Perseverance Rovg
W
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Objective B: Astrobiology Objective C: Sample Caching
e Determine if environment was habitable, with liquid water and chemical building blocks e Find and collect most promising samples that represent geographic diversity
e Search for materials with high biosignature preservation potential for evidence of past life e Ensure compliance with future needs in order to retrieve samples
e Perseverance has 38 empty tubes to store soil and rock samples in
Energy
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Science Objectives for NASA’s Perseverance Rover NASA'’s Ingenuity Helicopter
R T g
Objective D: Prepare for Humans - Challenges include: low gravity, thin
1 atmosphere, and data-delay due to
o Produce oxygen from Martian atmosphere to use for propellant and breathing distance
e C i ic dust sizes and - - Autonomous flight (all systems
e Validate global atmospheric models through surface weather conditions algorithmically powered by Al)
e Test space suit material against environment - Relies ui_] Perseverance for relay, and
s (Earth) = 1.5lbs (Mars)
e — Heat of motors limits flight time (1 ¢
=  per second!) s
Question: Which of these - Firs‘t successlu.l mission of its Ki
objectives do you believe be
the most important? _ :
Time on mans
17 01: 07:27: 05: 04: 39
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http://www.youtube.com/watch?v=4czjS9h4Fpg
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Ingenuity Helicopter Video (35 seconds) Mars Atmosphere and Volatile Evolution (MAVEN)

Launched Nov. 2013

Second mission selected for NASA's Mars Scout Program

Bruce Jakosky of CU's LASP proposed and led mission until 2021

Orbiter to study upper atmosphere and ionosphere to examine how solar wind is stripping gases
an er v nd
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Future Missions
Examines weather ar sphere layers to lea 0 USA + Europe: coll
climate over time - d estimations of launch in

work by studylng Mars e NASA-led Sample Retrieval Lander to launch yeved ples into
from hlgher orbit (22, Mars orbit
e ESA-led Earth Return Orbiter to rendezvous with samples in Mars orbit

Europe and Russia: ExoMars rover and lander, planned to launch 2022
Japan: ﬁphns to return 2024, sample return mission from Mars' Moon
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http://www.youtube.com/watch?v=thk4Rha-fTk

10/22/2022

NASA'’s Goal to Get Humans on Mars Sources:
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https://racetomars.ca/mars/article_hard_thing.jsp#:~:text=1%20Elevated%20radiation%20from%20a%20solar%20flare%20could,Puncture%20from%20a%20micrometeorite%20could%20cause%20partial%20decompression
https://www.space.com/27216-how-to-reach-mars-nasa-india.html
https://www.nasa.gov/content/nasas-journey-to-mars
https://solarsystem.nasa.gov/missions/insight/in-depth/
https://www.space.com/china-mars-rover-zhurong-milestone-took-nasa-decades
https://solarsystem.nasa.gov/missions/curiosity-msl/in-depth/
https://www.nasa.gov/feature/25-years-of-continuous-robotic-mars-exploration-from-pathfinder-to-perseverance
https://en.wikipedia.org/wiki/Exploration_of_Mars
https://www.jpl.nasa.gov/missions/ingenuity
https://mars.nasa.gov/technology/helicopter/status/298/what-were-learning-about-ingenuitys-flight-control-and-aerodynamic-performance/
http://www.russianspaceweb.com/spacecraft_planetary_mars.html
https://en.wikipedia.org/w/index.php?title=Exploration_of_Mars&oldid=1113664591
http://www.russianspaceweb.com/spacecraft_planetary_mars.html
https://en.wikipedia.org/w/index.php?title=Exploration_of_Mars&oldid=1113664591
https://mars.nasa.gov/mars-exploration/missions/viking-1-2/
https://en.wikipedia.org/w/index.php?title=Exploration_of_Mars&oldid=1113664591
https://en.wikipedia.org/wiki/Zhurong_(rover)
https://www.planetary.org/space-missions/uae-hope
https://mars.nasa.gov/mars2020/mission/science/objectives/
https://mars.nasa.gov/mars-exploration/missions/mars-sample-return/
https://mars.nasa.gov/mars-exploration/overlay-humans/
https://www.space.com/13558-historic-mars-missions.html
https://mars.nasa.gov/mars-exploration/missions/maven/
https://lasp.colorado.edu/home/maven/
https://en.wikipedia.org/wiki/MAVEN

