ESS 298 - Outer Solar System  Course Outline	





This is a graduate level class, suitable for physical science majors, on the Outer Solar System (everything beyond the asteroid belt). The course structure will include a mix of lectures, computer lab work, and student presentations. The course will make use of the recent Galileo and current Cassini mission results. 





There will be no set text, but sources the students are likely to use include Planetary Sciences (De Pater and Lissauer), The New Solar System (Beatty et al.), and various relevant publications in the University of Arizona Press series.





The course will be letter graded, on the basis of the computer project (30%) and the student presentations (70%) (see below). The course outline provided below will be flexible, depending on the number of students enrolled and their particular interests. 





1a Introduction  


outer solar system scale, formation, composition, importance


exploration of the outer solar system (Pioneer, Voyager, Galileo, Cassini) and ground-based observations (Hubble)


highlights (Io’s volcanism, Titan’s seas (?), Europa’s ocean, Saturn’s rings, SL9 impact)





1b Orbital Dynamics  


Kepler’s laws, angular momentum and energy conservation


Moment of inertia, J2, effect of rotation


Tidal deformation, synchronous rotation, tidal heating, circularization timescale, resonances


Examples - Laplace resonance, Io tidal heating, Titan circularization





2 Galilean Satellites (1)


Introduction - Laplace resonance, exploration history, ice behaviour, surface temperatures, impacts


Io - surface appearance, composition, internal structure, near-surface thermal structure, compressional features, surface age


Io - tidal dissipation, runaway melting, heat transport, time-dependent behaviour


Callisto - surface appearance, age, composition


Callisto - internal structure: is it really undifferentiated?





3 Galilean Satellites (2)


Europa - surface appearance, composition, internal structure, age


Europa - sources of stress, tidal dissipation, orbit-interior coupling


Europa’s ocean - how do we know it’s there, how deep, how thick is the ice shell, astrobiological potential


Ganymede - surface appearance, composition, internal structure, deep ocean, surface ages, extensional features, elastic thickness


Ganymede - orbital evolution, resonance capture, thermal history, tidal dissipation





4 Titan and the Saturnian Satellites


Titan - internal structure, composition, orbital evolution (eccentricity)


Titan’s atmosphere - how do we know? Composition, scale height, winds, origin


Titan’s surface - a methane ocean? Earth-based observations


Cassini/Huygens missions


Saturnian satellites - resonances and near-resonances, deformation, thermal evolution





5 Gas giants and ice giants


composition, formation, effect on planetary accretion


internal structure, energy balance, magnetic fields


atmospheric phenomena - winds, storms, lightning, “dry spots”


rings - Roche limit, Cassini divisions, resonances, shepherding satellites


Extra-solar planets - location, distance, eccentricity, effects on atmospheres, how did they get there?








6/7 Student Project





The students will be given access to a simplified code which calculates the orbital evolution of a satellite taking into account tidal dissipation in the primary and the satellite. They will spend the first week getting acquainted with the code, developing a physical intuition for what is happening, and using it to explore Titan’s orbital history over a range of different Q’s for Saturn and Titan. In the second week they will pick another outer solar system object and explore its orbital evolution. This time, they will also include a simplified model for the feedback between planetary thermal evolution, Q, and tidal dissipation. They will provide a two-page summary of their results, and the geological implications (if any), which will go towards their final grade (30%). 





8/9 Student Presentations





The students will each give an oral presentation on a controversial topic in outer solar system science. Possible examples include:


How thick is Europa’s ice shell? 


Where did Triton come from?


Is Callisto really undifferentiated?


Does Titan really have an ocean?


These presentations will be assessed, and will make up 70% of the final grade.








10 The Outer Limits


Pluto/Charon - composition, structure, orbital history


The Kuiper Belt - observations, orbital characteristics, origins, relation to Triton?


Future Missions - New Horizons, JIMO


Summary - Why the diversity? What about other solar systems?

















