GEO1111 Lecture 2

· Prograde (normal directional movement of planets in solar system) vs Retrograde: opposite for what we expect, backwards movement of a planet) 

· Ptolemy proposed that planets also follow a smaller circular orbit (epicycles). Predictable periods of retrograde motion 

· Copernicus suggested that because Mars has the larger retrograde motion because it is the closest to Earth while Saturn, having the smallest retrograde motion is the furthest from the Earth. Proposed that the Earth spins on its axis leading to sunrise and sunset. Earth is not in the center, it is tilted (giving seasons and sunsets and sunrises). The sun is the center! 

· Kepler created three laws: 

· Law of ellipses (the orbit of each planet is an ellipse with sun at one focus) 
· Law of orbital harmony (orbital period = the time that a planet takes to orbit the sun). Orbital periods of planets is relative to its distance from the Earth.
· Law of equal areas: A line drawn from a planet to the sun sweeps out equal areas in equal time. Orbital velocity changes 

· It all started with the idea that planets revolved around the sun, now using laws of physics and chemistry, using math and quantum calculations, we now know that the planets revolve around the sun (the center of the solar system). 

· 1 Au (astronomical unit): the distance from the Earth to the Sun 

· Mercury: 0 satellites, 70% metallic & 30% silicate composition; internally layered. Largest Temperature range because it is the closest to the sun. Lots of craters from volcanic events and other things hitting the planet. The cracks in the planet were thought to be formed when the metals were molten after the big bang. When they dried up, they began to crack. 

· Venus: 0 satellites, very few impact craters because it has a very thick atmosphere, Earth’s twin, ancient volcanoes. Pancake volcano are present (flat and round). 

· Earth: 1 satellite (moon)

· Moon: Formed during the initial spiralling of the nebula. Something hit Earth, and that formed the moon at it’s back side) or that the Earth’s gravity censured the moon as it was forming and moving by the Earth. 

· Mars: 2 satellites; ancient volcanoes & tectonics, like Earth; internally layered; crust: basalt. Interested in Mars because it has water, we want to explore if there is life in the water as well as the face that if we ever want to travel beyond mars, we will need a propulsion spot and a place to restock on things such as water). 
· On the map, blue is low elevation, white is very high. High elevation in lower part while lower elevation in the northern part. More craters on the right side while less craters on the other side, meaning one part of the planet has been hit more and therefore should be much older. 
· Evidence of river linings present on the surface of the planet, meaning there is a water stream like on Earth

· Jupiter: Core region is surrounded by dense metallic hydrogen, which extends outward to 78% of the radius of the planet. Surface is liquid hydrogen, layered atmosphere; giant storms. 63 satellites + moonlets 
· Io (one of four Galilean satellite moons of Jupiter): currently volcanically active, melting is from tidal energy 
· Volcanic plumes on Io, fountains of lava gushing 160 km in height 

· Saturn: density is very low, core like Earth surrounded by a deep layer of metallic hydrogen; an intermediate layer of liquid hydrogen and liquid helium and an outer gaseous layer; magnetic field. 56 satellites + moonlets. It has as a ring over less than 100 m thick. 
· Titan (moon): contains liquid methane lakes and seas + atmosphere sinkholes and karst landscape 

· Neptune and Uranus (The Twins): Ice dominating over gases, ice giants. A rocky center, an icy mantle and an outer gaseous hydrogen/helium envelope; ice: water, ammonia, and methane. Uranus has 27 satellites, while Neptune has 13 satellites (Triton contains cryovolcanism) 

· Pluto: Largest member of a distinct population of rock, metals, and ices called the Kuiper belt (dwarf planets, moons, and planetesimals). No longer a planet. 


· Terrestrial planets: Hard silicate rocky surfaces; close to the Sun; larger ones have atmospheres. dense metallic cores; few satellites

· Jovian planets: Very large outer planets; turbulent; composed of gases (H, He, NH3); very low density; many satellites. 

· Solar nebula theory: 
· All planets revolve around the Sun in the same direction (counter clockwise when viewed from the top, ie. Earth north) 
· All planets revolve within the same plane (ecliptic) except for Pluto (17 degrees tilted from the ecliptic) 
· Sun also revolves ccw on its axis, axes of rotation of sun and planets are nearly all perpendicular to the ecliptic 
· Terrestrial planets have high density, rocky surfaces with metallic cores
· Jovian planets have low density, composed of H, He, NH3, and CH3
· The sun did not always revolve around the Earth in 25 ½ days 

· Solar nebula, cloud of He, H, some heavier dust 

· 4.6-4.4 Ga ago, gravitational contraction, cloud initiates rotation 

· Gravitational collapse, increase temperature, light elements driven towards outer edges of disk 

· Planets result from accretion of dust, planetesimals 

· Sun originates from concentration of mass at the centre 

· Meteorites 4.53 to 4.58 Ga 

· Moon rocks 4.4 to 4.5 Ga 

· Oldest rock on Earth, 4.03 Ga in NWT 

· Oldest mineral on Earth, zircon in Australia is 4.4 Ga 

· Meteors: Glowing fragments of rock that are outside the Earth’s atmosphere. 

· Meteoroid: A meteorite before it hits the surface 

· Meteorite: Piece of rock from outer space that hits the Earth
· Stones: resemble rocks found on earth, most common 
· Chondrite: most common Fe, Mg, Ni bearing minerals, magnetic composed of small round spheres. 4.6 Ga
· Achondrites: Same composition, but lack the chondrites 
· Irons: Composed of Fe-Ni alloy (high density); likely candidate that resembles Earth’s core
· Stony Irons: Mix of stony silicate material and iron 
· Most meteorites appear to be fragments of larger bodies: parent bodies (small planets, larger asteroids, etc)

· Asteroid Belt: Between Mars and Jupiter, a swarm of 100,000 objects called asteroids- small rocky bodies with irregular shapes and cratered surface. Likely produces Near Earth Objects (may be hazardous) 

· Fireballs: Very bright meteors, does not hit the Earth

· Meteor showers: When Earth’s orbit passes through a belt of cosmic dust and rock 

· Comets: A body that orbits around the Sun with eccentric orbit; ice + rock solar radiation generates gases from evaporation of comet’s surface, giving the comet it’s tail
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