· Celsius for everyday environments, Kelvin for low temperatures
Scientific Method
· Hypothesis: guess upon observation (can be supported/rejected, but cannot be proven true)
· Theory: summarizes a supported hypothesis from repeated observations (a better hypothesis)
· Law: tells “how” (whereas, hypothesis and theory tell “why”)
The Big Bang Theory
· Singularity  Gigantic Expansion  Big Bang  Time and Space
· Singularity: area in space-time where gravitational force so high that all laws of physics broken
· Gigantic Expansion: from singularity
Hubble
· Hubble found multiple galaxies, universe expanding, how to measure distances in space
· Hubble Space Telescope into Earth’s orbit
Three Pillars of Proof
· 1) Recession of Stars/Galaxies (through Hubble’s Law)
· Radio Waves, Microwaves, Infrared - Visible Light - Ultra Violet, X-Rays, Gamma
· Light moves similar to Doppler’s Effect 
· When light to observer, blue-shift. When light away from observer, red-shift
· Faster the light-emitting object moves, greater the shift (greater the shift, faster object)
· Amount of red-shift can measure a star/galaxy’s distance from Earth
· v = Hod (velocity in km/s, Hubble constant for expansion of universe, distance in parsecs)
· 1 parsec = 3.26x the distance light travels in one year
· 2) Cosmic Microwave Background Radiation
· In first seconds of universe, very hot, but then cooled and expanded
· Hot photons lost energy from visible light energy range to CMB range 
· CMB represents last remnants of light/heat energy from initial Big Bang
· CMB comes from everywhere at ~equal intensity
· CMB first found as “noise” from microwave radio receiver (thought pigeons on antenna)
· 3) Abundance of Light Elements
· Lightest elements: 75% Hydrogen, 25% Helium, traces of Lithium
· Such a perfect ratio of atoms could only have come from an original single ratio of the first ever particles of matter formed from super-hot environment (created by Big Bang)
Shape of Universe
· 1) Sphere/Balloon
· Positive curve (Ω0>1), closed universe, finite size, no boundary
· Cyclical Event: expand, big crunch, expand, big crunch etc.
· Ball: goes up, then comes down (enough matter, gravity wins)


· 2) Saddle
· Negative curve (Ω0<1), open universe, infinite size, no boundary, parallel lines diverge
· Expand forever with expansion rate never approaches 0
· Ball: goes up, and keeps going up (not enough matter, gravity doesn’t win)
· 3) Flat
· Equal curve (Ω0=1), infinite size, no boundary, parallel lines always parallel
· Expand forever, but expansion rate approaches 0
· Ball: goes up, and eventually looks like it’s stuck up there because moving up so slow (critical matter, no expansion or contraction)

· Important for telling us how universe will end
· Conventional Matter: stars, planets, asteroids etc. (very little) – 5%
· Dark Matter: never seen because gives off no energy (attracted to conventional matter) – 27%
· Dark Energy: opposes gravity, repelling matter. Seems to control expansion of space, lots of it, thus universe is expanding – 70%
· WE ACCEPT flat universe
Measuring Age of Universe Radioactivity
· Radioactivity
· Figure out age of universe by looking at: gas compositions around old stars, radioactive processes that produce the gas compositions, time factors involved in breaking down a component to produce other components 
· Found oldest star, tells us age is older than 13.2 billion years
· Hubble’s Expansion Constant
· Found White Dwarf Stars (stars that have used their fuel and are now cooling), tells us age is between 13 and 14 billion years
· CMB
· Most accurate, tells us age is 13.8 billion years
Appendix
· Neil Turok says: universe and time has no beginning or end – just cycle of expansion/contraction
· Universe is two sheets separated by thin layer of energy (dark energy) – sandwich model
· Every once in a while, intermediate layer becomes unstable and gravity pulls things together (contraction), the two sheets collide, and everything bursts (expansion) till next instability

Light Years
· Light-Years: measure distances in space (distance light travels in one year, 9.4608 x 1012 km)
· From the Sun, Mercury is closest, Andromeda Galaxy is farthest (Earth is 3rd closest)
· If looking at star through telescope that is 1 million light years away, looking at that star’s characteristics 1 million years ago (looking back in time)




Measuring Distance of Stars
· Up to 500 Million Light Years
· Use what normal people use, trigonometric parallax 
· Based on object appearing at a different place relative to its background from your view
· Distance found using parallax angle and distance that Earth travelled in 6 month (2 AU)
· 500 Million Light Years
· 1) Hertzprung-Russel Diagram: relates brightness/luminosity to temperature/colour
· Finding distance from this is called “Main-Sequence Fitting”
· Main Sequence is kind of like line of best fit
· Colour of star tells us temperature. From colour-determined temperature, draw vertical line to Main Sequence. Then draw horizontal line to luminosity for true/intrinsic brightness (brightness we see from Earth is apparent brightness – brightness dims with distance)
·  Apparent Brightness  = Intrinsic Brightness / (4 x π x distance2)
· 2) Cepheids: marker stars with pulsing brightness (at periods)
· Measure for period length, which gives us intrinsic brightness (from a chart)
· Then continue with same process as HR Diagram
· Edwin Hubble proved Milky Way not alone using this – found M31/Andromeda way beyond confinement of Milky Way, and our closest neighbour galaxy (much bigger though, and Frisbee shape or egg with yolk)
· Beyond 500 Million Light Years
· v = Hod
The Scale of Space
· Local Group: in our immediate environment, group of 40-50 galaxies, including Triangulum, Milky Way, Andromeda
· Andromeda coming towards Milky Way – going to crash in 3 billion years
· Out from 2/3 of core of Milky Way is  our Solar System (found on the Orion Arm)

· Nebular Hypothesis/Disk Model: basic forms of matter combined to form elements – eventually, pockets of matter/elements combined to form the star-planet system (solar system)

Chemical Elements
· Element: cannot be broken down to anything simpler
· Atom: contains properties of element. Has nucleus, 1+ protons, 1+ electrons (most neutral)
· Ion: positive or negative charged atom
· Isotope: atoms with differing neutrons (protons + neutrons = mass number). Unstable ones are radioactive
· Radioactivity: spontaneous breakdown of unstable atoms, producing energy and other particles
· Half-Life: time it takes to reduce a mass to half its amount
· Fission: breakdown of heavy atom into 2+ lighter atoms (like radioactivity) – releases energy
· Fusion: combination of 2+ lighter atoms into a heavier atom – absorbs energy
· Supernova: explosive death of star (bright effect can be seen for long time; Crab Nebula)
Elements: From First to Last
· Remember, three lightest elements were first produced: hydrogen, helium, lithium
· 1H is most abundant
· 2H went through fusion reaction to make helium and little bit of lithium
· Other elements were made by other fusion reactions in big stars (bigger than Sun) – energy for fusion reactions of heavier elements came from supernovas (such as our bodies and Earth)
Nebular Hypothesis
· Solar System formed over brief span of time as a unit from nebula/cloud
· Nebula floated in Orion Arm of Milky Way – was very low-density, spread over large space. It eventually contracted under its own gravity, flattened and shrunk, and became high-density
· Collapse: start of spontaneous contraction to produce the solar system
· Started probably due to recoiling from shock wave produced from a nearby supernova
· The collapsed/local area increased in density, and collapse eventually accelerated 
· More and more particles collapsed and thus temperature increased (because density increased, so temperature could not escape because blocked by particles)
· The great heat/energy allowed for fusion reactions, producing a star
· Sun will run out of hydrogen fuel (converts it to helium) in 5 billion years, becoming Red Giant, destroying most planets
· Flattening: due to slight cumulative rotation/swirling motion (“sense of motion”) of particles flattened the cloud 
· Momentum: object’s constant speed along straight path
· Angular Momentum: object’s spin/orbital motion
· Conservation of Angular Momentum: if no external force acts on object, angular momentum does not change
· The particles eventually spin faster and faster, causing contraction and flattening 
· Planets still to this day rotate around Sun in same direction
· Condensation: particles turning into planets
· Nebula had temperature gradient: center (Sun) hot, outside cold
· In cool outer parts, temperature low enough where everything can condense (even the light elements), thus outer planets have a different composition from inner planets
· In hotter center, temperature too high where only heavy/refractory elements can condense (light elements stay in gaseous state) – thus, metals mostly (iron, nickel)
· The particles became pebbles, then planets
· Pebbles to Planets
· The pebbles are still moving in same direction, thus when they come into contact, they don’t explode – they instead perform accretion/sticking and become bigger
· Particles  Pebbles  Planetesimals (small planets)  Protoplanets (bigger planets)  Planets
The Magic Broom
· How did elements get to outside? 
· Particles got swept out to outer parts from Sun’s solar wind (when there is a solar flare/eruption, solar wind strength increases, particles hit Earth’s atmosphere harder; Northern & Southern Lights)
· T Tauri Stars: have strong winds and helped drive inner gases out
· Inner rocky planets’ atmospheres had gotten swept off at one point, but secondary atmospheres regained by release of volatile substances from “outgassing” (i.e. from volcanoes)
Some Predictions
· At earlier times, many more planetesimals orbiting and colliding
· With more collisions, number of planetesimals decreased and so did bombardment rate
· Many craters on Moon from early, but few from later

· Central star (Sun), 8 planets, 3 dwarf planets
· Geocentric Model: Earth at center of Solar System
· Heliocentric Model: Sun at center of Solar System
The Pioneers and their Models
· Pythagorus/Plato (530 BC)
· Earth in center as stationary object, surrounded by sphere with everything (even Sun)
· Things in sphere move east, speed depending on how far from Earth they are
· Aristarchus (250 BC)
· Sun in center, and moved on
· Ptolemy (100 AD)
· Earth in center, with all objects on moving spheres
· Promoted by Catholic Church – lasted for 1,400 years
· Copernicus (1500)
· Sun in center, with Earth rotating around it (and on its axis)
· Allowed friends to publish (“should not be taken seriously” – to avoid Church attack)
· Tycho (1575)
· Earth in center, with Sun rotating around it and dragging rest of planets with it
· Saw supernova, knew it was far away, and talked about what it was
· King gave gold – built observatory “Castle of the Heavens”
· Most strongly disputed Copernicus’s model
· Johannes Kepler (1600)
· Sun in center, with planets pushed into orbit by Sun
· Force strongest near Sun (magnetic force)
· Kepler’s First Law: planets move in elliptical fashion, not perfect circle  (Earth-Sun distance always changing)
· Perihelion: planet closest to Sun
· Aphelion: planet farthest from Sun
· Galileo (1600)
· Sun in center
· First observed planets through telescope, improved on lenses (about 33x)
· Demonstrated telescope for Venetian Senate – money for telescope production
· Inquisition told him to stop teaching Copernicus methods
· Stopped teaching because “good” Catholic – later friend became Pope but no use
· House arrest till he died. Charge lifted in 1992

· Sun is a Main Sequence star – smaller than most, but brighter than most
Anatomy of the Sun
· No real “surface” – just gasses which become denser as approach center
· Corona  Chromosphere  Photosphere (visible outer layer)  Convection Zone  Radiation Zone  Core
· Usually corona cannot be seen due to brightness of photosphere (seen during solar eclipse)
Basic Sun Physical Facts
· Sun contains 99.8% of Solar System’s mass
· 4.6 billion years old (same with Earth, but Sun a bit older)
· Oblate shape – interior much hotter than surface
· Astronomical Unit: mean average distance between Sun and Earth
Chemical Composition
· Spectroscopy: measure of energy spectra to determine composition of matter
· Spectrometer/Spectrograph: measures spectrum of light emitted from object which can be used to determine chemical composition (specific light has specific elements/wavelengths)
· Spectroscope splits light up – short wavelengths (blue) most refracted, long wavelengths least refracted (orange)
· Wollaston passed sunlight through prism, saw dark lines across rainbow band but ignored
· Dark lines were actually characteristic of particular elements
· Sun has 71% hydrogen, 27% helium, rest is others – most elements in gaseous states in Sun
Genesis Experiment (2001)
· Purpose: collect Sun particles from solar waves (these particles have helped form Solar System)
· Collected particles for 2 years (using collecting tiles, and metal gold/sapphire/diamond foils)
· Return capsule’s parachute sensors installed upside down, thus crashed on Earth
· Some sample still intact – found that isotopic compositions of oxygen and nitrogen much different than other objects in Solar System
Magnetic Fields
· Earth magnetic field: from interaction b/w  inner solid metal core inside liquid metal layer
· Sun magnetic field: from different properties of matter in different layers
· Magnetic fields expressed as bar magnets
· Sun and Earth dynamic – Earth’s poles switch every thousand years, Sun’s switch every 11 years
· Development of sun spots (cooler, blacker areas) clearest manifestation of switch-time for Sun
· During intense Sun flares, strong solar winds cause for intense magnetic storms occur on Earth: breaks down power grids, and produces “northern lights”



Solar Wind
· Solar Wind: made up of ions (aka plasma – ionized gas) sent out from Sun with high kinetic energy to escape Sun’s gravity
· Telsat satellite destroyed due to fierce solar wind 
· Without Earth’s surrounding magnetic field (called magnetosphere), we would have bombardment of cosmic particles from solar winds
· At poles, no protection from magnetic field – solar particles collide with many gas molecules of upper atmosphere, producing lots of light; aurora borealis in north, aurora australis in south
Life and Death of Sun
· Ozone in our atmosphere protects us from radiation
· Sun using up a lot of nuclear fusion reaction – hydrogen into helium, producing lots of energy and 30% brighter
· Sun will expand into red giant after all hydrogen used (in 5 billion years)
· In really big stars, after all helium used, replaced by carbon – star blows off outer envelope then, allowing core to cool (white dwarf) till it stops glowing at all (black dwarf) 

Optical Telescopes
· Gather wavelengths between 400-700nm (visible light)
· Limited resolution because atmosphere distorts wave nature of light
· Thus, telescope that takes distortion into account or put telescope outside of atmosphere
· Refractors: use glass lens
· Reflectors: use curved mirror
· Aperture: based on diameter of glass lens or mirror – larger aperture = larger magnification
· Eyepiece/Ocular: performs the magnification 
· Largest telescopes “Keck” telescopes in Hawaii
· Best known telescope “CFHT” telescope in Hawaii
· Hubble Space Telescope (HST) not having any more services (after Shuttle Columbia disaster)
· James Webb Space Telescope (JWST) will replace HST
Non-Optical Telescopes (“Invisible Astronomy”)
· Dishes collect pretty much all wavelengths
· First dish “Lovell” telescope (used to track Sputnik 1)
· Rockets, satellites etc. may carry optical, but all always carry non-optical
· Orbital Velocity: velocity needed  exactly balance gravity’s pull and object’s own inertia/motion
· Escape Velocity: velocity needed to overcome gravity’s pull (i.e. to go to Mars)
· Geostationary Satellite: stays over same spot all time (relates distance to velocity)
Classification of Planets
· Asteroid: dense object orbiting Sun, but smaller than planet
· Comet: icy object orbiting in eccentric pattern
· Terrestrial Planets: closest to Sun, rock and metal, fairly small (Mercury, Venus, Earth, Mars)
· Earth and Mars have satellites 
· Gas/Jovian Giants: further from Sun, hydrogen and helium, low density, many satellites (Jupiter, Saturn, Uranus, Neptune)
· Asteroids: between terrestrial and jovian planets – make up asteroid belt (largest is Ceres)
· Pluto: past jovian planets – too small, too dense, satellite as big as it (declassified as planet)
· Kuiper Belt: past Pluto – belt of icy bodies, origin of comets (larger ones are Eris and Senda)
· Oort Cloud: past Kuiper Belt – big belt of icy bodies, origin of comets (never seen, but evidence)
· Rules for Planets
· 1) Planet: orbits Sun, mass enough for round shape, clear surrounding orbit
· 2) Dwarf Planet: orbits Sun, mass enough for round shape, not clear surrounding orbit, not satellite 
· 3) Small Solar System Bodies: everything else that orbits Sun (except satellites)  \
· 8 Planets: My Very Evil Mother Just Served Us Nectarines
· 3 Dwarf Planets: Ceres, Pluto, Eris
· Plutoids: dwarf planets near outside of Solar System (including Pluto and Eris)
Planetary Reshuffle – Grand Tack
· Grand Tack Model: Jupiter initially moved in toward Sun, pushing rocky asteroids in (creating terrestrial planets from them), but gets caught by Saturn and both moved out (“zig-zag model”)
· Nice Model: big four (including Uranus and Neptune) assembled quick, close to Sun – but started interacting with each other and got pushed to different positions
· Grand Tack Model covers within 5 million years, Nice Model covers next 500 million years
Planetary Reshuffle – Late Heavy Bombardment
· When those small orbiting bodies were getting pushed in, would think would go to Sun, but of course instead bombarded against planets instead
· Most of Moon’s craters between 4.1-3.8 billion years ago; marks end of planetary reshuffle
Obliquity of the Planets
· Obliquity: angle between equatorial plane and orbital/ecliptic plane
· Towards end of planetary reshuffle, large collisions knocked planets a bit askew 
· Venus almost 180 (on its head, while Mercury almost 0, Earth 25

· Moon weird: relatively large to Earth, low density, core 3% total mass, high angular momentum
· Fission Hypothesis (Darwin): Earth spun fast that chunk broke off (had to spin once in 2.5 hrs) 
· Condensation Hypothesis: Earth & Moon from same cloud (both would have same composition)
· Capture Hypothesis: Moon captured by Earth during close pass (gravitational conditions needed were unlikely, and also Moon and Earth seem to have SOME kind of genetic relationship)
Giant Impact Hypothesis (1977)
· Planet smaller than Earth (Theia) smashed into Earth 4.5 billion years ago - kinetic energy transformed to heat
· Both planets melted together, metal core of Theia dropped into Earth, mantle of both bodies formed debris in space just above Earth (over short time, some of this debris collected into single mass to become Moon)
· Challenge: finding situation where Moon got composition similar to Earth (not Theia)
Constraints of Giant Impact Hypothesis
· Oxygen isotopes in Moon almost exactly proportions as Earth – thus, Earth and Theia mixed well
· Tungsten isotopes tell that Moon life began 30 million years after start of Solar System – long time for a Moon-sized body to form by accretion 
· Oldest Moon rocks formed after a “magma ocean” cooled – Moon must have started with a large amount of energy for melting
Type of Impact
· 1) Low velocity impact where Theia and Earth same size
· 2) High velocity impact where Theia smaller than Earth – would need Earth to be spin in 2 hours (combines with Fission Hypothesis)

Introduction to Earth
· Third planet from Sun, most dense major body in Solar System
· Precession: when Earth rotates, rotational axis moves in cone-like pattern
· Strong magnetic field from interaction of outer liquid core & inner solid core (other weak)
· Atmosphere: 78% Nitrogen, 21% Oxygen
Iron Catastrophe
· Earth first grew by accretion, getting very hot
· Iron 30% of Earth’s composition – MOST heavy metals went to core, lighter elements at surface
Differentiated Earth
· Differentiation: chemical zonation of elements from core to surface
· Before: Core, Mantle, Crust
· Now: Inner & Outer Core, Mesosphere, Asthenosphere, Lithosphere, Hydrosphere, Atmosphere
· Pressure, temperature, density increase from surface to core
· Within lithosphere and asthenosphere, mountains-building and volcanism, oceans, earthquakes
· Temperature of inner core hotter than surface of Sun
Magnets and Magnetism
· Dynamo: creates magnetic field – converts physical energy to electrical energy
· Solid inner core spins a bit faster than Earth (because surrounded by liquid)
· Rotation of one metal inside another metal basis for dynamo
· This turbulence occasionally causes for poles to switch (either “normal” or “reverse”)
· Right now, north pole actually headed for Russia (not at North Pole)
Plate Tectonics& Continental Drift
· Lithosphere divided into plates (we are located on North American plate)
· Leonardo da Vinci: found fossils of seashells (evidence for uplift)
· Charles Darwin: found coastline of Chile had been raised due to Earthquake (evidence for uplift)
· Alfred Wegener: saw jigsaw of continents - Pangea (evidence for continental drift)
Rock Magnetic Pattern
· Ships hauled magnetometers behind them (looking for submarines)
· Magnetometers showed pattern of magnetization of Earth’s crust (paleomagnetism)
· Magnetite (iron oxide) common (esp. in basalt, most common rock) – forms above Curie point
· Magnetite acts like permanent magnet (has polarity for magnetic field)
· Ocean floors is abundant with basalt
· Atlantic Ocean floor, on either side of central ridge (zone for plate spreading) was symmetrical pattern of bands of “normal” and “reversed” magnetic polarity – lined up with age dating
· Magma erupts in ocean, goes up, rolls down both sides of ridge, forms new basalt on both side

· Divergent Margin: plates moving apart, “spreading center” (Mid-Atlantic Ridge)
· Convergent Margin: plates move into each other, more dense one sinks in “subduction zone” (western edge of South America)
· Transform Fault Margin: plates slide past each other, “strike-slip fault” (San Andreas Fault)
· Volcanoes occur along divergent and convergent, earthquakes on all three

· Convection: heat production that provides driving force to move material around
· Hot material from mesosphere goes up, replaced by cool material from surface (subduction)
· Seismic Tomography: shows plates moving up/down (finds cooler temperatures)

· Liquid metal core can get really hot and give off “plume/mantle plume” to surface as volcano, breaking through lithosphere 
Dating Rocks
· Relative Age Dating: dates rock relative to other rocks around it (for Geological Time Scale)
· Upper layers are newer, lower layers are older (upper deposit on top of lower)
· Proterozoic: before 545 million years ago (“development of life”, soft-bodied)
· Phanerozoic: Cambrian Period to present day (complex life) – Paleozoic, Mesozoic, Cenozoic 
· Two asteroid impacts: 251 million years ago killed 96%, 65.5 million years ago killed 75%

· Absolute Age Dating: need half-life, amount of isotope breaking down (parent), amount of isotope being produced (daughter)
· Most common isotopes uranium and thorium (breakdown to lead isotopes) for very old dating
· Carbon isotopes used for things no older than 100,000 years



Atmosphere, Hydrosphere, and Beginning of Life
· Earth different from other planets: atmosphere composition, hydrosphere, biosphere
· Biosphere-friendly atmosphere and ocean provides heat for maintaining Earth climate and temperature for living

· Early atmosphere: hydrogen and helium 
· Volcano-Derived atmosphere: CO2, H2O vapours
· Current atmosphere: 78% nitrogen, 21% oxygen

· Mars light atmosphere: weak gravity, can’t hold its atmosphere
· Venus heavy atmosphere: no liquid water
· Earth medium atmosphere: liquid water can dissolve lots of gases (i.e. mostly CO2) from atmosphere, lessening pressure, temperature (allowing for life to evolve)

· Comets and asteroids that hit Earth had water (warm Earth kept the liquid water)
· Hydrosphere is “closed” – keep recycling water
· Photosynthesis added oxygen to atmosphere, formation of organic matter and limestone removed carbon dioxide from atmosphere
· Life started from oceans – waters dissolved CO2. Prokaryotes (anaerobes) lived in ocean, using CO2 and producing oxygen (ocean floors were rich with iron rocks which held the oxygen)
· After 2 billion years, all iron rock was consumed, and oxygen came up into atmosphere
· Eukaryotes then came (performed photosynthesis for more oxygen)
· The tiny amount of CO2 in our atmosphere now needed for maintaining temperature/liquids

· Moon only planet our eyes can resolve features (with bare eye)
· Tidal Coupling: Earth’s gravity on Moon has made it have same rotational and orbital period
· Because of tidal coupling, never see “far side” of Moon
· Moon had a partner as a satellite for Earth at one point
View from Earth
· Moon is airless, low escape velocity, little gravity (light waves don’t bend when we look at it)
· Lunar Highlands: light areas (made of anorthosite rocks) – much more craters than Maria
· Maria: dark areas (made of basalt lava from early volcanism) – lesser craters (formed later)
· No mountains, surface saturated with craters (new ones destroy old ones)
· Sinous Rilles: long winding channels/cuts near edges of Maria (cuts made by flowing lava)
Craters
· Asteroid bigger than meteoroid 
· Moon has no atmosphere, so gets craters of all sizes (unlike Earth, which can stop impacts)
· Kinetic energy from rock turns into thermal, acoustic, mechanical energy – forms impact site, shockwave explodes and compresses rocks underneath it and sends other rocks flying up
· Rim around craters made mostly by ejecta blankets (rocks that were thrust upwards)

· Cumulative Crater Size Frequency Distribution: plot number of craters of different sizes (find that as exposure time of surface increases, total number of craters increase)
· Very old surfaces get saturated
Lunar Exploration
· Luna 1: first spacecraft to reach Moon and orbit it
· Pioneer 4: first successful USA mission to Moon, but went too past Moon
· Ranger Series: successful series with photographs, then crashing into Moon purposefully
· Luna 9: first soft-land on Moon 
· Surveyor: first USA soft-land on Moon
· Zond 5/6: sent turtles, flies, worms, plants, bacteria to see if a man could go to Moon
· Apollo 8: first manned lunar orbital mission toMoon
· Apollo 10: complete dry run, except for landing – completed 31 revolutions around Moon
· Apollo 11: Neil Armstrong first person on Moon (received lots of data)
· 12 people have walked on Moon so far (2 from each of 6 missions)
Moon Rocks
· Most rocks brought back were igneous – every single solid rock on Moon has igneous origin
· 95% of Earth’s rocks composed of igneous rocks too
· Moon rocks extremely dry – only small traces of water
· Rocks in Maria are dark, dense basalts (some vesicular with bubbles/holes of gas – low pressure)
· Rocks in Highlands are light, low-density anorthosites (show Moon’s original low-density crust)
· Breccias: rocks made up of fragments of early rocks cemented together by heat/pressure
· Regolith: layer of powdered rock, crushed fragments covering both highlands & maria (impacts)
Surface Heat Flow
· Heat escapes Moon quite easy (because Moon is also quite small)
Seismic Activity
· Seismology: study of earthquakes
· Moon much quieter than Earth (because Moon also has very small core)
Geologic History of Moon
· Clementine: US probe that has mapped entire surface of Moon
· Crust of Moon is thinner on side facing Earth (probably due to tidal effects)
· Stage 1: Moon formed from molten state (heavy elements to core, lighter to surface)
· Stage 2: cratering as soon as crust solidified (highlands show it was intense during Late Heavy Bombardment). Largest impact basin is Aitken Basin on south pole of Moon (never full of lava)
· Stage 3: cratering lead to lava flooding (molten rock filled the basins, forming Maria). Lava floods into Imbrium Basin, a large basin (place opposite to it is “jumbled terrain”)
· Stage 4: final period of slow evolution 


Introduction to Mercury
· No satellites, small, stays in same region as Sun (hard to see)
· Mariner 10 made close approach (lost communication), MESSENGER got closer
· Similarities to Moon: rotation altered by tidal attraction, many craters, lava floods, small, airless, inactive surfaces
Planet Facts
· Most eccentric orbit of all planets (extreme temperatures)
· Smaller magnetic field than Earth
· Tidally coupled to Sun – rotates 3 times for every 2 revolutions around Sun
· One Year: time for complete orbit around Sun (88 days)
· One Solar Day: time between full sunlight on same hemisphere (176 days)
Mercury’s Surface
· Surface temperatures extreme because of very eccentric fashion
· Thin atmosphere keeps getting blasted off by solar wind
· Enormous cliffs and smooth plains (containing volcanic deposits, 40% of surface)
· Caloris Basin: largest basin on Mercury similar to Imbrium Basin (impact formed “lineated terrain”) with partially-filled lava and fault-induced cliffs/scarps
· Lacks dark lava plains (unlike Moon)
· Inter-Crater Plains: less heavily cratered , not saturated (lava flows maybe buried older craters)
· Smooth Plains: even younger, & even less cratered (with lava flows too; much of Caloris Basin)
· Believe most plains are solidified lava flows (much like Maria, but not dark)
· Surface is mostly uniform gray with albedo of 0.1 (fraction of radiation reflected upon surface)
· No plate tectonics, but some very big escarpments
Interior of Mercury
· Second most dense planet (after Earth)
· Interior large core of dense metals (iron core surrounded by solid sulphur/iron shell)
· Core is 80% of total mass (probably also due to impact by planetesimal which blasted low-density materials off into space, and left high-dense materials on planet)
· Small magnetic field (thus, PART of core at least molten)
· Crust made of silicates
History of Mercury
· Stage 1: giant impact (threw low-density stuff into space, left high-density stuff)
· Stage 2: heavy cratering (stronger gravity than Moon, so less ejecta spread) and impact (forming Caloris Basin)
· Stage 3: lava flows (impact so big - fractured crust, triggering more lava forming smooth plains)
· Stage 4: slow surface evolution (inactive world now like Moon, thick crust)


Surface Composition
· Lots of sulfur & surface rocks with lots of magnesium, pyroxene, feldspar, sulfide
· High hydrogen levels in north pole, water-ice in high-wall craters on parts of planet (of north and south poles) that don’t receive sunlight
Messenger
· Why Mercury so dense: collisions stripped off lighter materials from mantle/crust
· Geologic history: only 45% of planet mapped, found “spider” volcano
· Magnetic field: no active dynamo because small (cooled down long ago)
· Unusual materials at Mercury’s poles: water-ice in shadowed craters
· Important volatiles: thin atmosphere (“exosphere”), not sure of specific elements
