Chapter 10: venus- That’s No Lady!
Venus is called evening star or the morning star
Magellan is the space ship launched from space shuttle for USA.
Clockwise rotation called retrograde and very slow, slowest spinning object in known universe.
Atmosphere: mainly CO2, same amount as earth (0.3%).  CO2 is transparent to incoming light, opaque to outgoing infrared energy. 462 degrees. Only planet with OH. `150 times more Deuterium. Once had liquid water.
Venera spacecraft: soviet lander. No need for artificial lighting, lower atmosphere is clear. Winds gentle, faster higher up. 
Surface: Less craters due to thick atmosphere. Few craters means they formed after a recent major volcanic activity. Surface is 500 mil years old. Planet same age as earth.
Coronae: Huge dome surrounded by concentric fractures formed by mantle plumes
Caldera: deep volcanic crater result from cornea blowing its top.
Pancake volcanoes: falttened domes, formed by quite viscous magma, flattened by high atmospheric pressure. (hundreds)
Wind direction causes erosion not water (since it’s too dry)-visually examined.
Interior: mix of roock/metal core. No magnetic field.
Magnetic field is detected by venus express but it is from the solar wind and upper atmosphere.


Chapter 11: Mars
Canali: channels on mars, artificial lines in desert regions
Spirit and Opportunity.
Spirit: stuck in sand trp. Lose communication
Opportunity:  finish exploration of Endeavour crater, analyzing rock types. 
Curiosity: by NASA on 2011. Landed on Aeolis Palus crater at a site called Bradbury landing.
Atmosphere: 95% CO2. Little H20 gas and oxygen.
Primitive atmosphere: first atmosphere with H and little He.
Secondary atmosphere: volcanically emitted gas. (earth, venus are the same in secondary)
Lower Escape velocity, half of Earth.
Never had oxygen-rich atmosphere, never had ozone
Iron oxide in the soil makes it red. Components can be broken down and loss in to space
Solar wind strongly affects the surface
Polar hood: due to freezing of CO2 clouds and Haze (CO2 ice particles) in polar regions
Polar regions are all ice and dry ice (carbon dioxide)
Saltation: process by wind lifting heavy and light grains to hop erratically over the surface.
Dune fields are common like deserts.
Current atmospheric pressure is too low to keep liquid to boil to vapour (Geological features indicates moving water)
Water on Mars
-fill Lake Michigan twice, more on north/south poles measured by Odyssey spacecraft.  Some are under craters.  Magma of the rocks contained 1.8% water
-there was a huge river, means atmosphere was thicker long time ago (2.5 to 3.5 bil)


Geology
-no organic material
-no plate topography
-surface divided into two parts. Southern highland=heavily cratered, northern lowland=smooth (resurfaced), it also was filled with ocean
Shield Volcano: shape like inverted warrior shield formed by low viscosity lava flows.
Olympus Mons in mars is the largest volcano and is not sunk into crust of mars. Mars’s crust is thicker than Earth.

Rocks
Silicon is higher
Martian meteorites we have are all igneous, low in silicon and high in iron/Mg.
Basalts are volcanic martian meteorites
Silicon classify the rock to be andesites.
Sedimentary rocks can be found
evaporite minerals. Found in soil hare rich in S. Dusts with water components and minerals are called Duricrust.
Red beds: red-coloured deposits in the deserts, deposits of sediments. Involved in iron oxides.
Blueberries formed by iron oxide caused by rolling water at ocean’s waterline

Interior
Iron core of 45% to 54% radius. Outer part molten.
Activity=similar to moon
History
Base on crater densities.
Noachian Era thicker early atmosphere. High rates of cratering, heat flow, glacial activity. 4.5b to 3.5b Years ago.
Hesperian Era: Major outflow channels, 
Amazonian Era: modern, dry, dusty, frozen era. Geologic activity declined.
1st stage: planetary evolution
2nd stage: heavy bombardment
3rd stage: flooding of lava
4th stage: crust thicken, lost internal heat, molten core smaller, thick crust prevents plate tectonics
Satellites
Two of them
Phobos and Deimos.
Phobos: closest natural satellite to any planet in solar system. Likfe a loaf of bread.
Heavy cratered and irregular shape.
Three principles:
1. Satellites are probably captured asteroids
2. Small satellites tend to be irregular and heavily cratered
3. Tidal forces affect small moons and change their orbits


Chapter 12: Asteroids
Main Asteroid Belt are found between Mars and Jupiter 
Lincol Near Earth Asteroid Research (LINEAR)  uses CCD (Charge Coupled Device) to detect a shitload of asteroids.
Belt formed due to Jupiter’s large mass, Jupiter was the first planet formed.
Kirkwood gaps are formed between the belts. Due to jupiter’s gravitational disruption forces.
Meteoroids are composed of silicon and oxygen, this is very not reliable
Techniques to classify
1. Meteoroids
2. Sunlight reflections
a. Looking at Albedo (proportion of light reflected from an object)
3. Break light into spectrum. 
C-type asteroids: high in carbon, 75% known asteroids
S-type asteroids: high silicon, 17%
M-type asteroids: Metallic, remaining.
Most asteroids have low albedos(reflective index) 
We studied meteoroids of asteroids base on carbonaceous asteroids, with dark carbon on surface.	
Asteroids with highest alebedo is E-type asteroids. E for mineral Enstatite
M-type asteroids are referring to nickel-iron.
The large numbers reaching earth are not indicative of large number of S-type asteroids in space, we can not use meteoroids to determine the ratio.
4 vesta is the most studied asteroid. Heterogeneous surface. Dawn  was launched by NASA to orbit.
Collection of fragments of asteroids are called Family, having similar orbital characteristics. 
Hirayama families are clusters of families that were the fragments of one asteroid
NEO and NEA
Atens: less than 1 AU. Within orbit of Earth
Apollos: cross Earth’s orbit
Amors: cross Mars’ orbit, but not Earth
Earth get hit by apollos every 250,000 years.
Trojan asteroids: non-belt asteroids trapped in lagrangian points along jupiter’s orbit.
PHAs: Potentially hazardous Asteoids, minimum 150 m, 0.05 AU to earth. These are rated on Torino Scale
Apophis was reduced from 4 to 0.
Eros was studied first by NEAR Shoemaker. It was the first asteroid discovered. NEAR landed on asteroid (first).
Itokawa was studied by japs. Designed to land and collect sample, return to earth. (first)














Chapter 13 Meteoroids
Find vs falls: find-we found it, no idea how the fk it got here, fall: we saw it falling down.
Least sophisticated classification: irons, stony-irons, stones. iron as iron+nickel
Irons are then called siderites, stony-irons are called siderolites, and stones are called Aerolites.
Stones are divided into Chondrites and Achondrites. Condrites has condrules, they are aggregates of cosmic sediment, never been altered. Achondrites has no chondrules, partially melted and recrystallized.
Accretion is a process of clumping together of various products shown in a condrite.
Carbonaceous matter might contain organic matter. This doesn’t say life was possibly brought to Earth but some building blocks for life were.
Rocks that were melt by magma is igneous rock, the material left behind is residual rock
Achondrites are fragments of the product of crystallization from a magma. If it is a chunk of the residual product, we call it a primitive achondrite.
Sources of dusts: 1. From asteroid belt, 2. From comets.
Great Leonids shower by Temple-Turtle comet
Cosmic dust particles are found on ocean and collected by magnetic collectors, less than 1 mm to 3mm.
Fireball’s light is generated by:  Burning of the solid body itself and the incandenscence of the atmosphere around the burning mass. Ablation: erosion process by removing small masses when meteoroid passes the thick atmosphere.
Color is given by : composition of vaporizing materio and composition of luminous air.
All body in motion possess Inertia, a body’s resistance to change in its motion. 
Momentum is a product of the body’s mass and speed.
Energy of motion: kinetic energy
KE=1/2mv^2
Thumbprints are called regmaglypts, it is formed by ablation, due to non-selective melting. Melting will produce a fusion crust on the object, it is a layer of glass.
Petrographic microscope is used to study a rock to determine the mineral composition of the rock.
Electron microprobe uses tiny beam of electron to see what elements are present in that volume and what proportion.   
Mass spectrometer is used to measure the age of the sample by radioactive isotopes. 









Chapter 14 Jupiter and Family
Largest
Io is the innermost of the four Galilean satellites.
Great Red Spot is a swirling vortex of cloud raging for 300 years.
Inside is very hot, hotter than reflective heat from the sun.
Io: most volcanically active body in solar system
Europa: liquid water ocean under ice surface
Ganymede: water slush ocean beneth solid ice cover
Callisto: never chemically differentiated.
They are known as Galilean satellites.

Pioneer 10: fly-by and acquired 500 images. Left solar system. 
Pioneer 11: fly-by and acquired better images, left solar system. Measured intense charged-particle and magnetic field environment.
Voyager 1 and Voyager 2: 1 found 9 volcanoes on Io, 2 found eight active volcanoes on Io. Thin dusty ring was discovered. 
Galileo: only craft orbiting Jupiter.  Deliberately destroyed by sending it crashing into crushing atmosphere. Europa was suspected to have salt water and contain microbial life.
New Horizons: heading for Pluto and Kuiper belt. Took images
Juno: recent launch, solar panels
Heat: of the Jupiter is 1.7 times than it received from the sun. it is due to the slow compaction of the planet. H and He are compacted and generated heat. This is true for gas giants except Uranus. 
Magnetosphere
Differential motion of different physical state of hydrogen. Too great that it is dangerous for spacecrafts.
Europa and Ganymede are possible satellites to have lives. 
Atmosphere
Galileo uses Atmosphere Structure Instrument ASI found very strong wind (due to internal heat). Significantly lower than expected of helium, neon.
Atmosphere organized into belt and zones. Due to high rate of rotation. Belt are darker and are descending gas, zones are lighter and are ascending gas (closer to sun).


Chapter 17 Plutoids and TNOs

Chapter 18: Comet
-icy water, cold
Anatomy
Nucleus: solid frozen gas. Irregular shape, not strong. Break into fragments
Coma: when approaches sun, ice vapour turns into coma. Brighter/larger near the sun. can be as large as Saturn. Swept into elongated tail. Consist of CHON.
Head: coma + nucleus
Tail: sprout two tails near sun. 
Dust tail: small dust particles from nucleus, reflects sunlight. (Curved away from sun)
Comet Halley: May of each year Earth comes near the orbit. We can see Oriondis shower
Ion tail: blue colored gas. Pushed away from the sun by solar wind. (Straight away from the sun)
Long-period comets: millions of years to complete single orbit
Short-period comets: 200 or less years. Doesn’t go beyond Pluto
Life and death of comets
1. Nuclei are losing mass at rates
2. Active comets under gravitational control of planets
a. Dynamical lifetime of short period comet is ½ million years
Oort cloud and Kuiper belt: origin of short period comets. Scattered disc of icy body between the two is possible.
Kuiper belt: 100 000 icy objects. Outwards of Neptune. A ring around sun. Remnants of early phase of solar system. Outer edge of it overlap with scattered disc.
	Theories of knocking off comets: 1. Cumulative gravitational effect kicks icy body off. Neptune influences it afterwards. 2. Gravitational stress, 2 or more icy body collide. Why? Nucleus are not round (difficult to see if it is round)

Oort cloud: Jan oort, large distance comet should suffer deflection from plants. They must have entered first time. Predict the kicked out comet from Oort cloud. How? Gravitational kick from a passing star. Glises 710 pass about 1 light year of our solar system in 1mil years and it gives a shock to push Oort cloud objects
Scattered disc: why did they form?
Not from solar nebula, too dense. They formed as icy planetesimals in outer solar system near jovian planets. As they grow they swept up many planetesimals and ejected many trillions into long orbits leading far out of the solar system and became Oort cloud.
Missions:
1. Comet Halley
-5 spacecraft, cloest approach impacted by dust, spectrometer indicate it is covered in a layer of organic material
2. Comet Borrelly
-to test 12 new technologies
-doubled knowledge of comets overnight
-got images
3. Comet wild 2
-a new range of organic chemicals, minerals
-left foot and right foot are 5 km wide
-craters caused by smaller objects
4. Comet temple 1
-Deep impact
-try to smash it, got vaporized 
Halley’s comet: a great comet, first predicted return of any comet
The daylight comet: a few weeks before halley’s. brighter. 
The great southern comet of 1882 was bright enough to cast shadows. First to be properly photographed.
Two birght comet, first one by Japanese, second one by Hale and Bopp. As bright as Hyakutake (Japanese one), can cast shadows if close enough.




Chapter 19:  Life in the Universe
Life are composed of discrete unites called cells
Interaction between nucleic acid and proteins
Miller-Urey experiment didn’t create life but amino acids
Earth’s first oceans filled with rich mixture of organic compound called primordial soup
Prokaryotes: oldest fossile
[bookmark: _GoBack]Ozone: 2% oxygen, prevent UV. 2 billion years ago. UV breaks a.a.
Cambrian period: the beginning of life. Aka Cambrian explosion. Diverse lives, no fossils
Liquid water: most important for the requirement of life: it is a medium to transport nutrients and wastres
Europa  in Jupiter: highest chance of having liquid water below icy crust Ganymede of Jupiter is also possible
Titan of Saturn: oceans of liquid methane and ethane, likes earth 4.6 b years ago. Vital chemicals for A.A.
Mars: life but not intelligent life. Presence of methane gas? Might caused by biological activity
	-had liquid water 
SETI Search for Extra-Terrestrial Intelligence
Gliese 581: a red dwarf 20.5 light years away. Has habitable zone or goldilocks zone, where water can exist as liquid. C, d, g planets are in it. G is just right (goldilocks) in the middle of the habitable zone.
Radio communication: Arecibo message
The Water Hole: another way of communication. It is the combination of H and OH.interval between 21 cm line of H and 18 cm of OH

