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The Challenges of Exploring Watery and
Icy Worlds in our Solar System



Performing Unmanned Exploration of Space 
…including Earth



JPL History

• 1936: JPL started by Professor Theodore von 
Kármán at Caltech to explore rocket propulsion. 

– First rocket launch in Oct 1936 

•July 1958: NASA formed with JPL as a field 
center

•Jan 1958: JPL’s Explorer 1, first US satellite launched. 
-Russian Sputnik launched Oct 4, 1957
-Beginning of transition of JPL from missile to 
spacecraft emphasis

•Nov 1943: Initial proposal prepared for JPL designed, Army Ballistic 
Missile Agency & Sperry/Utah built first US ballistic missiles: Corporal 
and Sergeant.

•1942: von Kármán, Malina and Parson’s founded Aerojet 
Engineering Corp.

- Developed Jet Assisted Take Off (JATO) and Rocket 
technology during WWII 



JPL’s Functional Activity

Design, Build and 
Operate Observing 

Systems

Develop 
Supporting 
Technology

Perform Space 
Science

…including Earth

JPL Mission 
Operations Center

LA Basin Surface Elevation 
Change 

AVIRIS Instrument Imaging of 
Macondo spill 
(17 May 2010)

JPL Team X Mission 
Design



What are some of the terrestrial 
(Earth) analog issues we deal with 

in space…

(Image courtesy OceanflORE)

If you were from a distant star system and flying 
by earth, how would you remotely determine 

life existed here?

Rio Tinto-Salt Lake City

Statoil-Valemon

 Harsh and Difficult Environments
• Temperature
• Pressure
• Remote locations
• Communications
• Hazardous to humans
• Gravity

 Large data and cyber resilience

 Health, Environment and Safety 
(HES)

 Natural Resource Characterization



Some of our challenging 
operating environments of 

current interest include 
locations such as…

Interstellar Space
• Temperature =3°K
• Vacuum=10-17 Torr

Venus
• Surface temp=460 °C (860°F)
• Sulfuric acid atmosphere

Mars
Surface Temperatures=-125°C (-
195°F) to 20°C (70°F)

Europa (a moon of Jupiter)
Surface Temperatures=-220°C (-370°F) 
to -160°C (-260°F)



From: National Geographic, July 2014, Life Beyond Earth

The Search for Life 
is about finding 
liquid water…

JPL Researcher Kevin Hand

Jupiter’s Moon Europa 
is a Principal Candidate





From Dr Kevin Hand, JPL
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Back-up slides



The MSL science instruments are state-of-the-art tools for acquiring 
information about the geology, atmosphere, environmental 

conditions, and potential bio-signatures on Mars. 

• Cameras
Mast Camera (Mastcam)
Mars Hand Lens Imager (MAHLI)
Mars Descent Imager (MARDI)

• Spectrometers
Alpha Particle X-Ray Spectrometer (APXS)
Chemistry & Camera (ChemCam)
Chemistry & Mineralogy X-Ray Diffraction/X-Ray 

Fluorescence Instrument (CheMin)
Sample Analysis at Mars (SAM) Instrument Suite

• Radiation Detectors
Radiation Assessment Detector (RAD)
Dynamic Albedo of Neutrons (DAN)

• Environmental Sensors
Rover Environmental Monitoring Station (REMS)

• Atmospheric Sensors
Mars Science Laboratory Entry Descent and 

Landing Instrument (MEDLI)



Daily data generation when on-line in 2020 will:
-be more than the entire internet content
-take 2 million years to play back on an I-Pod

70 Meter antenna of the Deep 
Space Network inside the Rose 

Bowl for scale



Voyager 1 Spacecraft
• Launched in 1977
• 19.8X109 km (12.3X109 miles) 1 from Earth 
• 36 hr 44 min1 round trip at the speed of light
• 23 Watt RF transmission

1(as of 10 Sept 2015)

Communications under extremely 
challenging conditions continue…







High adaptability is a must for 
unknown and challenging 

environments…
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