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NO PROBLEM: ARTHUR GAVE HIS OK
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• Long trip times, low delivered mass 
fractions ….. “It’s the rocket equation, 
stupid”

•• RADIATION (BOO!)RADIATION (BOO!)

But ….. POSSIBLE!

Exploring Europa is …. HARD! 
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History

• Galileo – we did operate successfully in 
the Europa environment in flyby mode

• Europa Orbiter (BFC to Europa)
– Direct trajectory (dry mass ~ 1000 kg)
– Limited payload - ~ 20 kg 
– Radiation tolerant electronics development 

needed – computers, avionics, memory
– Limited time in orbit – 30 days
– Cancelled 2001
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Historycont’d

• JIMO (a bridge too far)
– Nuclear Electric Propulsion
– Large payload - ~ 1500 kg 
– Science requirements developed by JIMO 

SDT (R. Greeley, T. Johnson et al.)
– ‘Deferred’… indefinitely… in 2005
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Historycont’d

• Europa Geophysical Explorer – JPL Study for NASA
– Science: OPAG Europa subgroup – R. Greeley et al.
– Explored indirect trajectories, larger payloads
– Studied options for radioisotope power in 2012 period 

• This study: Europa Explorer Concept
– JPL funded study 
– Science based on previous SDT and OPAG input organized by 

an ad hoc science team (i.e. some of the usual suspects)
– Goal: Take advantage of previous investments in radiation 

hardening and mission concepts to develop an exciting Europa
mission with existing technologyexisting technology that could be done in the next 
decade.
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Key Factors 
• Indirect trajectories

– Mass margin available for science payload, shielding, power, 
possible surface science

• Radiation Tolerant Electronics
– Current technology is sufficient
– 2 yr mission at Jupiter – 1.5 yr Jupiter system, 3 months + 

on orbit at Europa
• Communications

– 400 Kbps real-time mission with rad-hard buffer
– Europa data volume = ~ 3 yrs of Cassini data return

• Planetary Protection: End-of-mission impact 
– Radiation sterilization of surfaces and unshielded components 

combined with pre-launch sterilization of shielded areas
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The Mission

Indirect trajectories – the key to 
reasonable mass margins
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The rocket equation can be beaten ….
or at least cheated ….

by stealing energy from the planets!

Spacecraft Dry Mass
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Earth GA trajectory:  ~ 2 Ton spacecraft
Venus-Earth GA trajectory:  ~ 3 Ton spacecraft

~3 yr
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Cost – trip time to target (e.g. Galileo, Cassini)
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The Spacecraft
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Science Instrument View
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Data
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NOT HEALTHY: FOR CARBON OR SILICON BASED LIFE FORMS
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Radiation Hardening: Progress

• Galileo design standard: 150,000 rad Si
• Current situation: NASA and DOD radiation 

hardening development in last decade has yielded:
– Flight computers (Pentium class): 1,000,000 rad Si
– Many avionics and flight parts: > 300,000 rad Si

• Better characterization of environment by Gaileo
• Bottom Line: With mass for shielding, a Europa

mission can now be done with current technology
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Galileo Radiation Failures vs Time in Orbit about Jupiter
kR
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Europa Explorer Concept

90 days
95%

8 months
50%
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Europa Explorer – Operating 
Lifetime
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Europa Data Comparison
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180 kg
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