Jupiter 

Missions: 

· Pioneer 10: returned over 500 images of Jupiter during a fly-by in 1973 – has a plaque with diagrams capable of being translated by any scientifically advanced civilization
· Pioneer 11: Fly-by in 1974 – better images
· Voyager 1 & 2: Voyager 1 passed on March 5 1979 and Voyager 2 passed on July 9 – showed complicated turbulence in Jupiter’s atmosphere – found 9 active volcanoes on satellite Io – discovered a ring around Jupiter
· Galileo: only craft to orbit Jupiter and study its atmosphere, satellites and magnetosphere for two years – discovered Europa has a salt water ocean with potential microbial life – first craft to fly by an asteroid
· New Horizons: headed for Kuiper Belt – took photos as passing Jupiter
· Juno: launched in 2011 to help scientists figure the earliest history of the solar system

Planetary Facts:

· 3 degrees of obliquity (tilt)
· very fast rotational period – 9 hours 55 minutes and 30 seconds to rotate
· Gaseous hydrogen-rich atmosphere to liquid hydrogen to metallic hydrogen to heavy metal core
· Interior is responsible for very high heat flow in Jupiter
· Caused by the slow compaction of the planet – hydrogen and helium atoms move as gravity brings them to a more compact configuration – creates heat

Atmosphere:

· Hydrogen rich atmosphere
· Galileo probe examined Jupiter’s atmosphere
· Detected strong winds – planet’s cloud circulation is caused by heat escaping the interior
· Lower than expected levels of helium, neon and other heavy elements
· High level ammonia ice cloud
· Dry atmosphere – no condensation  
· Its clouds are organized into dark belts and bright zones
· Belts are regions of descending gas so are higher temperature – low pressure regions with sinking gas
· Zones are regions of ascending gas in regions of lower temperature – gas that cools as it rises
· Great Red Spot caused by rising gas carrying heat upwards


Magnetosphere:

· has a magnetic field caused by differential motion by different states of hydrogen – particularly the metallic state surrounded by the liquid state
· strongest magnetic field in solar system
· Magnetic field traps electrically charged particles from solar wind and shapes them into a form of radiation in the atmosphere
· Would destroy any spacecraft that enters it
· Jupiter’s rings and satellites within this region

Satellites:

· Has 67 satellites that fall into three categories – only planet to have all three kinds
· Regular satellite: Outer orbital reaches of planet’s domain in space – Europa, Io, Ganymede, Callisto
· Large and round
· Stable, circular orbits
· Formed from either same nebula of gas as the planet or from a collision 
· Irregular satellite: unknown origin captured in a planets orbit, travel in packs, small, orbit great distances at odd paths, retrograde, all have same composition
· Trojan satellite: packs of asteroids that orbit the sun but are gravitationally bonded to the planet – same orbital path around sun
· Galilean Satellites: Io, Europa, Ganymede, Callisto
· Callisto: outermost of 4 satellites, bit larger than Moon, mixture of rock & ice, surface is dark, dirty ice and heavily pocketed with craters, 50/50 mix of ice and rock, outer 10 km is ice, radioactive decay in interior melts some of interior but freezes close to surface, interior is mix of rock and ice that hasn’t differentiated into dense core, weak magnetic field
· Ganymede: next inward satellite, largest, larger than Mercury, composed of silicate rock and water ice, completely differentiated – molten iron rich core, 200km layer of water ice then liquid water salty ocean then silicate rock then core, generates its own magnetic field thanks to molten core, hot interior, has its own atmosphere with primarily oxygen and little hydrogen, very thin, caused by radiation breaking down water molecules, planet in a cooling stage
· Europa: next inward satellite, density increases of satellites the closer to Jupiter, has ice surface but not cratered like Ganymede – has recently resurfaced – liquid water from underlying ocean rises through cracks and resurfaces planet, no magnetic field – no molten core, tidal heating keeps satellite active, forms a thin atmosphere thanks to the radiation of Jupiter’s magnetosphere interacting with icy surface
· Io: closest to Jupiter, highest density of satellite in solar system, bit bigger than Europa, core of iron +/- sulfur, mantle of heavy silicate materials and brittle outside crust, 150 active volcanoes that blast sulfurous gas, ash and lava over surface to bury craters, tidal heating affects it as well
· The four satellites are locked in orbital resonance – in the time it takes Ganymede to orbit once, Europa orbits twice and Io 4 times
Saturn

Missions:

· First spacecraft to visit Saturn was a fly-by by Pioneer II in 1979 – flew within 20,000 km of planets cloud tops- low resolution photos of planet and satellites – took temperature of Titan its biggest satellite
· Voyager 1 & 2: determined the hydrogen/helium ratio of the atmosphere – checked winds and atmosphere belt patters – found auroras (magnetosphere) plus good pictures
· Cassi-Huygens: dropped into orbit in 2004 – first spacecraft to orbit Saturn – responsible for most data about Saturn
· New Horizons passed Saturn on way to Pluto 

Planetary Facts:

· almost the same composition as Jupiter except it is much less dense
· Caused by a matter of relative compaction (squeezing an orange)
· Planet density decreases as you go outwards in Solar System
· Rotates about as fast as Jupiter
· Small rocky core then thicker metallic hydrogen inner mantle then the rest is mostly liquid hydrogen with a 1000 km layer of atmosphere
· Saturn is radiating 1.8 times as much heat as it receives from the Sun – very hot – caused by helium in the liquid hydrogen interior that is condensing into droplets and falling inward – the friction of the falling droplets and compaction of them in the core heat the planet

Atmosphere:

· No sharp distinction between atmosphere and the planet’s body – slow gradual change from gaseous atmosphere to liquid hydrogen planet
· Atmosphere reflects planet’s interior – 91% hydrogen, 6% helium and the rest is nitrogen, carbon, water, ammonia and methane
· Same belts and zones as Jupiter
· Atmosphere is much colder than Mars so clouds form lower in the atmosphere
· Less wind but stronger
· Three layers of clouds 1. Upper layer of ammonia 2. Second layer is ammonia hydrosulfide – causes yellow hue of planet 3. Inner layer is water clouds




Magnetosphere:

· Has perfectly symmetrical magnetic field – its magnetic poles match the geographic rotational poles
· Dynamo is probably caused by interaction between the core and metallic hydrogen inner mantle
· Deflector of solar winds
· Its rings are made of swarms of debris
· Each particle has its own orbit around Saturn
· Came from a satellite that’s orbit decayed and became torn apart by tidal force 

Satellites:

Titan: 
· Bit larger than Mercury
· Only satellite in solar system to have dense atmosphere - Main component is Nitrogen similar to Earth
· Has volcanoes that send methane gas into atmosphere which freezes and falls back on surface
· May resemble Earth in early days

· Mimas, Iapetus

· Shepard satellites – in the rings of Saturn – their gravitational force stabilizes the orbits of the particles in the rings – Prometheus and Pandora


Uranus & Neptune

Missions:

· In 1986 Voyager 2 flew past Uranus – no other craft has came close
· Flew by Neptune in 1989

Planetary Facts:

· Uranus has a 98-degree obliquity – large planetoid must have pushed Uranus on its side long ago
· Neptune has axial tilt similar to Earth’s 
· Internal structure of two planets is virtually the same 
· Rocky cores (mix of heavy metals and silicates) then a mantle pf slushy mix of water, methane, ammonia and other ices 
· Atmosphere starts near liquid planet made of methane ammonia and water then transitions into hydrogen and helium outer atmosphere
· Uranus’ lack of heat is a mystery – lowest heat signal of jovian planets – radiates exact amount of heat as received from Sun
· Neptune has more internal heat even though it is further away – caused by radioactive decay in the rock materials in its interior
 
Magnetosphere:

· Uranus’ magnetic field is about the same as Saturn’s, its magnetic field does not come from planet’s center 
· Neptunes is half of Earth’s and is tipped 47 degrees from axis of rotation

Atmosphere:

· Two layered – Upper stratosphere and lower troposphere
· Uranus’ troposphere is interesting – temperature rises rapidly from top to bottom of the layer – cloud layers of specific compositions appear at different heights – has belt-zone pattern
· Neptune’s: division between stratosphere and troposphere is hazy – has high concentration of organic materials caused by breakdown of Methane by sunlight
· Neptune has dynamic storm systems

Satellites:

Uranus
· Uranus has 27 known satellites – 5 large “regular” satellites and largest is Titania – has smaller “irregular” satellites that are dark and cool
· Oberon, Titania, Umbriel, Ariel and Miranda
· All contain frozen water – very dark surfaces – mix of large rock cores surrounded by icy mantles

Neptune
· Only two satellites visible from Earth – Triton and Nereid – both have peculiar orbits – Triton rotates retrograde and will eventually break its orbit off Neptune, Nereid’s orbit takes 360 days and follows an eccentric path


Trans-Neptunian objects : any sized objects in the solar system that orbit the sun at a greater mean distance than Neptune

[bookmark: _GoBack]Plutoid Dwarf Planet TNO’s : Pluto, Eris, Makemake and Haumea 
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