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Unique heating methods
Space is very cold and life requires heat to exist.   At the distance of Jupiter, the radiation of the sun is too low to provide any significant heat.  Also, the Jovian moons are so small; they should have long ago cooled down in their cores. However, many of the Jovian planets are warm and geologically active and thus possible sites for life.
1) Describe the process of Tidal Heating as it’s observed in Jupiter’s moon Io.

2) Jupiter’s three inner moons Io, Europa and Ganymede also experience orbital resonance.  What is happening there and how does it provide internal heat, too?

3) Earth has a moon, but it is stone cold at its center.  Why hasn’t earth’s gravity caused Tidal Heating of our moon?
Europa:  The Goldilocks Moon
Tidal heating and orbital resonance has heated the Moon, Io, to a veritable hell.  Most other moons are simply too cold to support life.  However, on Europa, the temperature is just right.  There is even evidence for liquid oceans.
1) Europa’s surface is made of solid water ice and shows few craters.  What does this tell you about the surface age?
2) Further images show floods of water (now frozen) and broken ice-berg looking features.  How might these form?

3) Europa has a magnetic field!!  How does this provide evidence for a liquid ocean? (Recall the two things needed for a planet/moon to have a magnetic field)
4) Calculations of the tidal and resonance energy gained from Jupiter and the companion moons tell us how much energy Europa receives.  What do these calculations indicate?
5) Describe an experiment that could be run from an orbiter that could determine if liquid water existed below.
But could Europa support significant life?
Recall the three key environmental requirements for life?   Source of elements/molecules to build life.  Source of energy for metabolism and growth.  A liquid medium for transporting molecules.  

1) Explain how all are satisfied to the extent that simple life may have originated at the Europa ocean floor.  
2) How does MOST of the life on the EARTH’s ocean floor get its energy for metabolism and growth?

3) Why is there some question as to the ability of life to ‘flourish’ at the base of Europa’s ocean like it does on Earth?
Why is Titan of any interest?
Titan is exceedingly cold and not likely to harbor life.  However, it has some interesting properties, some quite similar in a general way to Earth.  Let’s review them:

1) Describe the Titan Atmosphere (density, the complex chemistry, is there ‘weather’?) and how it is similar to Early Earth.
2) Describe the Titan surface lakes and rivers (where they are seen, their chemistry, temperature).  How is this similar to Earth?
3) Describe the Titan geological features (craters, volcanism?).  Again, how is this similar to Earth?
4) Titan has two of the three key environmental requirements for life.   List which two and provide evidence of this.






