GLG130-EXPLORING SOLAR SYSTEM 
Lec. 2-3 and Ch. 1
cosmic address: universe (sum total of all matter and energy) --> Local Supercluster --> Local Group --> Milky Way Galaxy --> Solar Sys --> Earth
-Solar System: consist of the Sun and all the objects that orbit it 
-Milky Way Galaxy: disk-shaped collection of stars
	-galaxy = island of stars in space
-Galaxy Clusters: more than a dozen galaxies 
	-superclusters = clusters of galaxy clusters

Expansion
-entire universe is expanding = distances b/n galaxies are increasing
	-BUT individual galaxies and their contents DO NOT expand!
-expansion began 14 billion yrs ago with Big Bang 
	-early universe only contained 2 elements: H and He!
		-all other elements made by stars and recycled from one stellar generation to next
		-98% of OUR solar sys = H and He! = Carl Sagan = We are star stuff
-gravity drives the formation of stars and planets by the collapse of clouds of gas and dust 
	-stars undergo life cycles: birth (gravity compression of material = center/nuclei becomes dense 	and hot = nuclear fusion of H and He/thermo-nuclear rxns)  --> lives as long as it can with 	energy from fusion --> dies/explodes = supernova (blows gas content into space = planetary 	norola?)
-Edwin Hubble's 2 facts: 1) every galaxy outside the Local Group is moving away from us; 2) more distant the galaxy is, the faster it seems to be moving 
	-space itself b/n the galaxies is increasing

Light
-speed of light: 300,000 km/s 
-light takes many yrs to reach us, so we measure distance to the stars in light-years
	-1 light-yr = distance light can travel in 1 yr
	-unit of distance NOT time
	-The farther away we look in distance, the further back we look in time (e.g. Sirius is about 8 light-yrs away = WE 	SEE Sirius as how it looks 8 years ago!)
		-we can see what the universe looked like when it was younger
		-observable universe: portion of universe we can potentially see = objects that lie within 14 billion light 			years of Earth

Motions of Earth
-rotation = spin - once a day along imaginary axis from N to S pole 
	-rotates from W to E = Sun and stars appear to rise from the East and set in West
-orbit/revolution = yearly around the Sun
	-earth's avg. orbital distance = astronomical unity (AU) = 150 mill km 
-orbital path = ecliptic plane - flat
-Earth's axis is tilted by 23.5° from a line perpendicular to the ecliptic plane = points at Polaris/North Star
-precession: gradual wobble that changes orientation of earth's axis in space
	-occurs b/c earth is not a perfect sphere = gravity acts!
	-stays within the 23.5° axis tilt, just different orientation
	-constellations assoc. with solstices and equinoxes gradually change 

Local Solar Neighbourhood
-region of Sun and nearby stars
-move essentially at random relative to one another 
-most of the mass of the galaxy is located outside of the visible disk = galaxy's halo = dark matter (no light comes from it)

Ch. 2
constellation: region of sky with well-defined borders
zodiac: constellations along the ecliptic

Celestial Sphere, Local Sky, and Angular Sizes and Distances
-Greeks thought that stars lie on a sphere that surrounds the Earth
-N. celestial pole = directly over N. pole; S. celestial pole = S. pole
-celestial equator = equator; ecliptic = path the sun follows, crosses celestial equator at a 23.5° b/c of earth's axis
-Local Sky: we see only half of the celestial sphere (sky) at any particular moment from any location
-horizon: boundary b/n Earth and sky
-zenith: pt directly overhead from where you stand = always 90°
-entire thing is called a meridian: imaginary half-circle 
-pinpoint position of any object:
	-direction: along the horizon = measured from N 
	-altitude: above the horizon = degrees from horizon
	-zenith has no direction, only altitude = 90
-angular size: angle of an object as it appears to span in your field of view
	-depends on distance
	-farther an obj. is the farther it will look
-angular distance: distance b/n a pair of objects and the angle that separates them
-1° = divided into 60 arcminutes (')
-1 arcminute = divided into 60 arcseconds (")
(i.e. 35° 27' 15" = 35 degrees, 27 arcminutes, 15 arcseconds)
-stars near N/S. celestial pole will never rise/set, instead are circumpolar: make daily counterclockwise circles
-stars farther from N/S. poles will cut through horizon = rise/set
	= different set of constellations

Milky Way
-whitish band of light
-easily seen from S. hemisphere
-traces our galaxy's disk of stars = galaxy plane 
	-look outside of plane = hard to see stars b/c of gas and dust in the galaxy
-dark lanes = dense interstellar clouds
-thin pancake, with bulge in middle

Latitude and Longitude
-latitude: N-S position = 0° at equator = circles
-longitude: E-W = Greenwich, England = 0° = prime meridian = half-circles
-sky varies with latitude NOT longitude 
-altitude of the celestial pole in your sky is equal to latitude

Seasonal Change
-combo of both rotation and orbit = season progression
	-NOT a result of Earth's DISTANCE from the Sun
		-NOT TRUE FOR OTHER PLANETS
-axis always pts to N. star throughout entire yr
-2 hemispheres have opposite seasons! 
-Summer Solstice:  June 21, sunlight falls more on N. hemisphere b/c it is max tilted towards sun = summer there
	-sun strikes at steeper angle = sun follows a longer and higher path through the summer = longer days 
		-sunlight more []'d
-Winter Solstice: Dec. 21, sunlight falls more on S. hemisphere = winter in N. hemisphere (less sun)
-Spring/Verneal Equinox: March 21, sunlight starts to shine more on N. hemisphere
-Fall/Autumnal Equinox: Sept 22, N. Hemisphere starts to be tipped away from sun 
-at both equinoxes = both hemispheres have equal sunlight = occurs only 2 days of the year
-people at equators don't experience 4 seasons
-at very high latitudes, solstices = Sun never rises/sets
-Perihelion: January, Earth closest to sun
-Aphelion: July, Earth farthest from sun
-expect: more moderate seasons for N. Hemisphere b/c receives more sun and longer summers
	-BUT opposite true B/C: 
	 1) lots of water in S. Hemisphere = temp. moderation = season more 					moderate compared with N.
	2) Earth moves slower in orbit when farther to sun = longer summers in N. hemisphere

Moon
-rise in E, set in W
-lunar phases - 29.5 days for cycle
-"moonth" ==> "month"
-half the moon is always lit by the sun
-amount we see is determined by the Moon's position in its orbit
-phases new --> full = waxing = increasing
-full --> new = waning = decreasing 
-no such thing as half moon
-gibbous = sliver of dark = phases that occur shortly before and after full moon 
-crescent = sliver of light
-WE SEE MANY PHASES OF THE MOON, BUT NOT MANY FACES = synchronous rotation: moon rotation and orbit around earth is synchronized = we only see 1 face of the moon!
-faint light illuminating the dark portion of the Moon's face = ashen light or earth shine
-moon's orbit is slightly inclined (about 5°) to Earth's ecliptic plane
	-spends most of its time above or below this surface	
	-points when it moon crosses = nodes = 2pts

Eclipses
-can only occur if: 
	-moon is FULL or NEW
	-FULL or NEW moon is at one of the nodes 
-central umbra: sunlight completely blocked = totally dark
-penumbra: sunlight only partially blocked = partially dark
-2 types: 
1) Lunar: order: Sun -- Earth -- Moon; Earth's shadow on Moon
	-3 types:
		a. Total (totality) - earth's umbra covers moon
			-Moon becomes red, Earth's atm bends Sun's red light toward Moon
		b. Partial - earth's umbra partially touches moon
		c. Penumbral (most common) - moon is inside penumbra 
2) Solar: order: Sun -- Moon -- Earth; Moon's shadow on Earth
	-3 types:
		a. Total - moon close to earth, umbra from moon touches a small area on Earth = 			anyone in this area will see a total solar eclipse, 
		b. Partial - anyone outside the moon's umbra from total/annular 
		c. Annular - moon far from earth, umbral shadow doesn't reach earth, ring of sunlight 			around moon, anyone in penumbral shadow will see a partial
-eclipse seasons: moon orbit nearly aligned with sun
-nodes move slowly around orbit = eclipse seasons occur less than 6 mths apart
-saros cycle: eclipses recur in a cycle of 18 yrs 11 1/3 days

Retrograde Motion and Stellar Parallax
-planet = greek = wandering star 
	-usually move eastward, but can occasionally reverse direction (westward) =  apparent 	retrograde motion
	-occurs when inner orbiting planets pass the outer planets, direction of outer planets APPEARS to change
-result of the Stellar Parallax: apparent shift in the planet/star position as we look at it from different locations, caused by the different backgrounds of stars when location is changed....
	-observed by ancient people 
	-viewpoint moves side to side, the objects closer to the camera appear to move faster, while the	objects in the distance appear to move slower	
	-parallax depends on DISTANCE
	-nearer objects exhibit greater parallax than distant objects
Ch. 3 

Date and Time
-7 days of the week named after 7 naked-eye objects that appear to move along the constellations: Sun, Moon, Mars, Mercury, Jupiter, Venus, Saturn
-Egyptians divided daylight into 12 hrs and night (star clocks) into 12 = a.m. and p.m. 
-by 1500 BC Egyptians abandoned star clocks for water clocks = useful b/c can be used when sky was cloudy
-Stonehenge - used for keeping track of the seasons
-Lunar Calendars: has 12 months, year is shorter than normal 
	-Muslims use this calendar, Ramadan begins 11 days earlier with each subsequent yr
-Metonic cycle: 19 yr cycle on which dates of lunar phases repeat
-Mayans based their calendars on eclipse prediction - sacred cycle/round
-archaeastronomy: study of ancient structures in search of astronomical connections 
-Chinese regarded their science and tech as state secrets = slowed Chinese scientific development
	-occurred during the Renaissance thru collaboration 
	-Cosmology  turns into--> Science (from Ancient Greeks --> Renaissance)
-Scientific Method: Question, Hypothesis, Prediction, Test, Result (confirm, reject, modify) 

Origin of the Earth
-Is earth the centre of the universe?
	-previous thought: the Sun, Moon, Planets, and Stars appear to circle around the Earth
	-Geocentrism -seems natural to place the earth in the centre of everything
		-sun moving around the earth (sun rising, lowering) 
		-we don't feel earth movement
		-arrow goes up and comes down in the same place 

First Ideas
-Greeks first ones
	-intellectual forefathers
	-Greeks pretty much developed all  of science!
Anaximander - celestial sphere 
Pythagoras Constraints
	-IDEA: thought that there is a universal design
	-mathematics express perfection of God
	-all motion is in circles = perfect shape
	-has a constant rate = unchanging, like Heavens
	-all motion is around Earth in the form of celestial sphere 
Aristotle
	-IDEA: perfection and changeless
	-cosmos revolves around us
	-Earth at center of universe = imperfect and under constant change
	-Geocentric Cosmology and Earth is immobile
	-stars and planets are perfect spheres that rotate around Earth

Geocentric Model
	-predominant cosmological system in many ancient civilizations until Copernican Revolution
1) Earth is the center of the universe
2) All other objects orbit around it, in perfect circles
3) Each planet moved along a small circle that, in turn, moved around a larger circle 

Ptolemaic Model-synthesis of Geocentric model 
	-Epicycle: smaller circular motion - moves along a deferent 
		-movement of small circles upon larger circles explain retrograde motion
	-Deferent: large circular orbit around the Earth

Conclusions
-stationary earth: no revolution around the sun --> best conclusion at the time --> GEOCENTRIC/Ptolemaic model 
-parallax: apparent shift in position due to motion of observer

Heliocentric Models
Simple Circles couldn't explain retrograde motion...	
-Heraclitus: proposed a partial heliocentric model (Sun at center, Earth revolves around sun, all else around the Earth)
-Aristarchus: completely heliocentric

Copernican Revolution - 16th century, 48 circles 
-modified the Ptolemaic model
-sun and not the earth is at the center of the solar system; tried Aristarchus's sun-centered idea
-Earth does move like all other planets, orbits the sun
-still used the belief that heavenly motion must occur in perfect orbital paths/circles
	 
Lec. 3 
iClicker Q -In the Greek Geocentric Model, the retrograde motion of a planet occurs when:
	-The planet actually goes backward in its orbit around the earth

Sun - the centre of the Universe? 
-Copernicus Model  (48 circles!) not more accurate than Ptolomy's -came in 16th century
Kepler - believed that the understanding the geometry of the heavens would bring him closer to God
	-CIRCULAR --> ELLIPSES
	-inherited by Tyco Brahe's astronomical data
	-presented 3 Laws of Planetary Motion:
		1) Law of Ellipses: the orbit of the every planet around the sun is an ellipse movement 			(perihelion and aphelion)
		2) Law of Equal Areas:  As a planet moves its orbit around the Sun, it sweeps out equal 			areas during equal intervals of time 
		3) Harmonic Law: the square of the orbital period of a planet is proportional to the cube 			of its semi-major axis (p^2 = a^3)

iClicker -Earth is closer to the Sun in January than in July. Therefore, in accord with Kepler's 2nd law:
	-Earth travels faster in its orbit around the Sun in January than in July
	-Earth is closer to the Sun in Jan. --> faster orbit		
		-by gravitational pull

Main Objections to the new views: 
-the Earth could not be moving: if it did objects such as birds, trees, rocks, etc. would be left behind as the Earth moved along its way
-idea of noncircular orbits: contradicted the "perfect-shape" heavens and unchanging
-no one detected Stellar Parallax
	-True, but difficult to detect
	-Parallax was the necessary evidence to show that Earth moves = 200 yrs after Galileo

-Galileo answered all 3 objections! 
	-moving objects remain in motion unless a force acts to stop it
	-designed and built the best telescope in 17th century, didn't INVENT it
	-20x magnification 
	-observed a few things:
	1) Moon was not a perfect sphere, because it had mountains and valleys => rules out heaven-	idea
	2) Sun: has sunspots - changing all the time => rules out heaven idea
	3) Jupiter has 4 moons that WEREN'T orbiting Earth => rules out Geocentric model

Ptolomy: Earth at center, 80 circles, epicycles, very difficult to use, accurate to 1%
Copernicus:  Sun at center, 48 circles, epicycles etc., easier to use, accurate to 1%
Kepler: Sun at center, 7 ellipses, more accurate and easier
 
Matter and Energy
-Matter: simply material: rocks, water, or air
-Mass: amount of matter an object has
-energy: ability to do work, makes matter move

3 types of energy:
1) Kinetic - energy of motion; microscopically within substances >> KE = temperature
2) Potential - stored energy
3) Radioactive - energy transported by light

-energy and matter not separate 
-related by E = mc2, energy stored in matter
	-possible to convert mass to energy

Fundamental law of science --> law of conservation of energy: Energy is always conserved 
	-can't be created/destroyed
	-changes form or is exchanged b/n objects
-total energy content of the Universe was determined in the Big Bang and remains the same today

Atom composed of:
-Nucleus is nearly 100,000 times smaller than the atom, center of atom, contains: neutrons and protons
-electrons are smeared out in a cloud, orbiting around the nucleus and have very little mass
-nucleus contains nearly all of atomic mass
-all matter made of atoms and these 3 particles
-# of protons = defines the element = atomic number
-# of neutrons = determine the isotopes (mass changes)
-deuterium (d) = 1 p, 1 n
-notation:  z = atomic # = # of protons	
	A =atomic mass = # of protons + # of neutrons 
	y = valence = electrons that the atom can gain/lose
zAXy

Phases of Matter
-solid --> liquid --> gas --> plasma (free electrons move among positively charged ions) 

Plasma phase- created at high temps, when atoms of hot gas become ionized
Ionization - stripping electrons from atoms = charged atoms
	-anion: gain of electrons
	-cation: loss of electrons
-potential energy of an atom is related to the electrons around their nuclei
	-ground state: atom contains smallest amt of potential energy
	-excited state: if electron gains energy it becomes smeared out 
	-ionized state: electron gains enough energy, it can leave the atom 
-each atom = chemical element

Lec. 4 Lec. 5  and Ch. 23
Early Universe Conditions
	-filled with radiation and elementary particles
	-particle creation: it was so hot and dense that when 2 photons collided they formed 2 particles: matter 	(electron) and antimatter (positron: electron with +'ve charge) 
	-particle annihilation: reverse process, re-forms 2 photons
	-predict temp and date 
	-15 Ga = 15 billion years, 10-10 s

Nucleosynthesis Keys
-temp, time, density (stellar mass), abundance of pre-existing elements

Hubble
-Hubble observed distant galaxies - Universe is EXPANDING
-Hubble Eq'n: Velocity of recession of a galaxy is proportional to its distance from the observer
	V  = Hubble constant x Distance
-galaxies that are farther = recede faster at higher velocities
-took 300,000 years to see the first star arise from the Big Bang 

Eras of the Universe according to the Big Bang theory
1) Planck - only one force existed before the 4 forces! ==> superforce! 
2) GUT - gravity becomes its own distinct force
	-GUT force was: strong, weak and electromagnetic 
	-era ended with inflation due to the freezing out of strong and electroweak forces releasing a 	lot of energy
3) Electroweak - 3 forces operated: gravity, strong, and electroweak
	-electromagnetism and weak force became distinct by the end 
4) Nucleosynthesis- broken down into multiple steps....
-Hoyle - chemicals formed from stars
-nucleosynthesis: creation of chemical elements through nuclear rxns
	-restricted to Temps over million grades: Big Bang or Stellar Evolution 
	-forms: isotopes and chemical elements  
-poligenetic hypothesis:  3 main stages of Nucleosynthesis:
1. Cosmological Nucleosynthesis (Big Bang)
-2 different theories to explain Universe Creation:
	a. Steady-state: Universe always existed
	b. Big Bang: universe created by a massive explosion
		-10-20 Ga
		-H and He first elements = compose 99% of the universe 
		-all the matter and energy was concentrated in a single spot --> E = mc^2
		-Eras of the Universe: Expanded, cooled and evolved
-the Particle Era (1st seconds) -universe still hot enough for the spontaneous creation and annihilation of particles
	-photons main energy source --> turned into quarks: building blocks of n and p
	-matter and antimatter annihilate each other, leave only a small fraction of protons
-the Nucleosynthesis Era  (10-3s to 3 mins): fusion of p and n into heavier nuclei
		-deuterium formation is the rxn that makes neutrons stable (d = 2H)
		-@ 3mins: T cooled to = 109K = fusion stops
		-universe composition by end of era = 75% H and 25% He and some De and Li
		-p + n --> d + 
		-d + d --> 3H (tritium) + p
		-3H + d --> 4He + n => FORMATION OF He
		-neutron absorption allows new atom formation... 
		-cosmological nucleosynthesis stops at 4He
		-Li, Be, B are not as common as H, but were formed 
		-universe was a hot plasma of H and He nuclei and electrons 
			-photons bounced from electron to electron, not travelling very far 
			-universe was opaque
			-universe was 380,000 yrs old
			-it cooled to a temp of 3000K
		-CMB apparent
		-gamma rays blasting apart He nuclei, less gamma rays at end of era = more stable He nuclei
		-universe composition by end of era = 75% H and 25% He and some De, Li, Be, and B
-the Nuclei Era (3 min to 3.8x105 yrs) - electrons bounced around until they were captured by atoms (H and He), photons continue bouncing around = cosmic microwave background 

2. Stellar Nucleosynthesis and 2.A. Cosmic Rays (Galactic Nucleosynthesis)
First Stars = Era of Atoms (3.8x105 yrs to 109yrs)- mixture of neutral atoms and plasma (ions and electrons) 
	-universe filled with atomic gas = Cosmic Dark Ages
	-density enhancements in gases and gravitational attraction by dark matter
	-eventually form protogalactic clouds of H and He  --> First Star --> provokes galaxy formation
Era of Galaxies (109yrs to present)
-Life and Death of Stars: birth (gravitational contraction on clouds of gases) --> stars (thermonuclear rxns) --> explosions --> clouds of gas 
-Parameters for classifying stars: mass, luminosity, surface temperature, distance

Hertzsprung-Russell Diagram
-mass and luminosity relationship
-stars with high luminosity have a higher temperature
-4 main groupings of stars
-colour: violet to red; hot to cool; (O, B, A, F, G, K, M)
-astronomers classify stars based on their colours, or spectral types
-most important property of stars is mass (m) as it determines all the other properties of a star (lifetime, evolution and fate)
	-low m star (ie. Sun) (<1.44) = MS --> red giant --> planetary nebula --> white dwarf
	-high m (>5-10 solar mass) = MS star --> supergiant --> supernova explosion --> neutron star
	-very high m (>20 solar mass) = supernova explosion and black holes
-stars are burning H and He
-Main Sequence stars: middle, there are variations (ie Sun)
	-90% of a typical star's lifetime
	-classifying Main stars by mass and T:
	-high mass stars: hotter, more luminous, bigger, shorter lifetime
	-low mass stars; cooler, less luminous, smaller, longer lifetime = MORE COMMON
-Red Giants: cooler, but more luminous than the Main Stars
-Super Giants: more luminous, but much cooler than Main
-White Dwarfs: hotter and less luminous than Main, smaller


Star Evolution - 2 types
Proton-proton channel 
-Main Sequence stars convert H --> He by H fusion
-when most of the H in the core of the star has been converted to He, rate of energy production decreases --> compression which raises the T of the core
-as a result: H-fusion occurs on a shell outside = luminosity increases = star turns into a Red Giant Star
	-Red Giant Stars can generate energy by synthesizing C nuclei in their core triple-alpha process:
	                     8Be + 4He --> 12C +      OR           4He (x3) --> 12C + 
	-8Be is unstable --> immediately produces C
-stars with mass of 1.1 or less and temps of 1.6 x 107K or less can only turn H --> He
-deuterium lasts for 10^9 yrs
- 3He lasts only 1s and must find another 3He to form 4He 
-Galactic nucleosynthesis forms of Li, Be, and B - RARE

CNO chain
-Red Giant stars can create other type of elements
-carbon a catalyst element in this reaction, won't be created in these stars
-rxns depend on:
	-temperature > 1.6x10^7 K
	-mass of the star > 1.1 than the sun's mass
-forms elements up to Fe = end of stellar nucleosynthesis

3) Explosive Nucleosynthesis (Supernova)
-Fe most stable nuclei = end product of alpha process
	-explains high Fe abundance
-Fe-fusion = needs lots of energy = forms the rest of the elements
-when central Fe core collapses = star explodes = supernova 
-gas ejected into interstellar space = planetary nebula
Neutronization: all atomic nuclei disintegrate -ball of neutrons left behind = neutron star 
	-neutrons unstable, will convert to p
	-half-life: 15 mins

Evidence for Big Bang: 
-radiation that was present at the beginning of the universe should be present today 
-original H in the universe should have fused into He during Nucleosynthesis

Cosmic Microwave Background (CMB)
-photons released at the end of the era of nuclei, when universe was 380,000 yrs old
-extraordinarily uniform throughout the universe, but not PERFECT, instead temp varies slightly from place to place = signifies that density varied from place to place as well in the universe
-extra density areas = can draw matter together while the rest of the universe expands
-today: there is a cool, weak, and uniform radiation in all directions
-discovery of CMB = cosmic microwave background by Bell lab
	-detected afterglow from Big Bang  

Inflation
-explains:
1) Density enhancements - tiny and random fluctuations were stretched by inflation 
2) Smoothness of universe - everything was close together before inflation = temps and densities to equalize (provided the smoothing of CMB)
3) Overall density of mass + energy = critical density - inflation caused the universe to expand so much that it appears geometrically flat
	-dark energy (73% of the mass-energy of the universe) accelerates expansion 

Olber's Paradox - if the universe was infinite, unchanging and filled with stars the sky would be bright everywhere
	-Big Bang solves this by: telling us that the night sky is dark b/c the universe has a finite age = 	finite # of stars

Oddo-Harkins Rule: even atomic numbers are more abundant, than odd
General Rule: abundances decline as atomic numbers increase

iclicker: What is the current temperature of the Universe?
-a few K (2.7 K)

iclicker 
-A hydrogen atom contains
-one p, one n (can be with/w/o), one electron
-with n = deuterium, H atom with mass 2

iclicker: Which elements can be formed into our Sun? 
-only H and He, b/c it is a MAIN Star

Lec. 6
Sun Theories
Einstein: determinism - world exists independent of humans, stands before us like a great, eternal riddle
Bohr: quantum and uncertainty - no quantum world, physics cannot find out how nature is

iclicker- What is a star? A star... is a large, glowing ball of gas and generates heat and light through nuclear fusion in its core. CORE Is the keyword!
-stars provide us a way to measure the size, age, and evolution of the universe
	-stars are NOT the result of: 4 1H ----fusion----> 4He + energy/light
		-but this nuclear fusion does happen in the core = causes stars (even our Sun) to shine!
 -universe --> galaxies --> stars

Can we convert energy into matter? Yes...
-0.7 kg mass loss is due to the pure energy (light) during nuclear fusion

Basic Structure of the Sun
(arranged in order of: core (hot) --> photosphere (cooler); magnetic fields cause the T to reverse... chromosphere (cooler) --> corona (hot))
-core: central region of the sun, where nuclear fusion (H--> He) takes place due to high T and P
	-maintains stability for nuclear fusion by gravitational equilibrium: outward pressure force balances the inward gravitational force everywhere inside the Sun 
-radiation zone: energy is transported out by photons (radiation)
	-photons zigzag so much and collides with many electrons = takes a long time = radiative diffusion
	-at top of zone, photons are absorbed
-convection zone: energy generated by solar core is transported by rise of hot gas and falling of cool gas
-photosphere: lower layer of atmosphere = visible surface of sun = sphere of light
	-dense gas = opaque
	-where sunspots and intense magnetic fields are found
-chromosphere: middle layer of atmosphere (UV light)
	-sphere of colour
	-visible during solar eclipses
-corona: outermost atmosphere layer (x-rays)
	-outflow of charged particles = solar wind
	-only visible during TOTAL solar eclipse 

Sun's Energy Flow and Solar Activity
-amt of nuclear energy generated = amt of energy radiated from surface as sunlight
-activity caused by magnetic fields 
-sunspots: less bright b/c they are cooler, close magnetic fields prevent hot plasma from entering them 
-solar prominences: gas in the Sun's chromosphere and corona becomes trapped in magnetic field lines that loop = flame-like protrusion
-solar flares: caused by the energy release from magnetic fields = bursts of x-rays and fast-moving charged particles into space
-sunspot cycle: rotation vary from once every 25 days to 30 days
	-differential rotation: twists the magnetic field lines, which causes number of sunspots to vary over an 11 yr period
	-Sun's polarity will reverse on each new 11-year sunspot cycle
-solar cycle: 22 yr period = complete magnetic cycle

Helioseismology
-surface vibrations detected by Doppler shifts 
-falling gas = red, rising gas = blue
-sun is gradually brightening

Neutrinos
-produced during nuclear fusion
-flow from the sun and react VERY LITTLE with ordinary matter = difficult to detect
-only 1/3 of neutrinos predicted by theory are seen

iClicker: Which of these layers of the Sun is the coolest? she didn't answer...watdafuq 
-core has the most rxns - can't be this
-only 3 distinct regions can be observed directly: photosphere, chromosphere, and corona
-prolly photosphere...

iClicker: Which of these things poses the greatest hazard to communication satellites? Flares and other solar storms that eject a large numbers of highly energetic particles 
	-they are strong magnetic fields
	-strong auroras (+)
	-hampering communications
-the right answer is the magnetic fields from the sun...

Lec. 7 and Ch. 8
iclicker: Do we live in a homogeneous isotropic universe? No
	-first H and He => now 180 chemical elements, not the same

Theories that describe Solar System Formation
-Nebular theory: gravity drives the collapse of an interstellar cloud of gas
	-nebula = interstellar cloud
	-became the accepted theory
-Close encounter: planets represent debris from a near collision between the Sun and another star
	-highly improbable event, hypothesis discarded

Birth of the Solar System
-solar nebula: cloud of gas that collapsed under its own gravity 
-Sun and planets was made up from the gas of years of galactic recycling 
-solar nebula started out as a large, roughly spherical cloud of cold and low-density gas
	-gravity not enough to collapse it, must have had help from some cataclysmic event (supernova)
	-once collapse began, gravity took over
	-strength of gravity inverse square law with distance 
Heating: temp increased as solar nebula collapsed, Sun formed in centre = highest temp
Spinning: spun faster and faster as shrinkage
	-ensured nebula composition was similar throughout (98% H and He, 2% other elements)
Flattening: into a disk by the natural collisions between particles in a spinning cloud
	-caused planets to orbit in nearly the same plane

-at the end solar nebula composed of: H and He which can't be condensed (98%), H compounds which solidify into ice past the frost line (1.4%), Rock and Metal which condense at high temps (0.6%) 

-frost line: line between terrestrial planets and jovian and where H compounds are vaporized (inner solar system) or condensed (outer SS)

Formation of Planets
-formed after flattening of disk
2 things that formed planets:
-condensation: solid/liquid particles condense in gas and grow larger with time
-accretion: particles stick together through electrostatic forces and later by gravity to form planetesimals (pieces of planets)
	-grew rapid at first, but then slowed down 
	->1 km 
-2 types formed:
1) 4 Terrestrial Planets - made up of rock and metal, and modest sizes because of relative abundance
	-higher density, "earth-like"
2) 4 Jovian Planets - outer solar system, condensation of ice, metal and rock
	-Nebular Capture: large masses allowed them to capture a large amt of  H and He gases, which 	spins in the same direction as the planet rotates
	-larger in size, no solid surface, lower density b/c mostly gases, "jupiter-like"

End of Era of Planet formation
-lots of unused H and He + radiation from the Sun = solar wind = stream of charged particles (protons and electrons)
-clearing of gas sealed the compositional fate of planets
-young sun must have rotated very fast, slowed down b/c it blew charged particles into space = Sun diminished in angular momentum

Exceptions to the Rules
Heavy bombardment
-may account for: lost planetesimals, new materials on earth (ie water)

Captured Moons
-planestesimals that originally orbit the Sun, but then are captured in atmospheres of planets and are slowed down by friction 
	-moons could reverse direction

Giant Impacts
-could alter a planet's fate: axis, rotation, density 
-might explain how our moon was formed from the Earth's outer layers, which was blasted out back into space --> credible b/c: moon is similar in composition to Earth and has a smaller proportion of Earth's ingredients!

Radiometric Dating
-ratio of 2 isotopes = provides a measure of rock's age
-radioactive isotope: has a nucleus that can undergo spontaneous change or radioactive decay (breaking apart a p --> neutron) = can lead to a DIFFERENT ELEMENT!
-parent isotope --> daughter isotope 
-decay is an instantaneous event
-rate is determined by parent isotope's half-life: time it would take for half of the parent nuclei in the collection to decay

Galaxies
-H and He gas was uniform and filled the Universe
-some disruptions, which allowed for dense regions to exist
-life cycle: Protogalactic clouds (H and He gas) --> collapse of clouds --> conservation of angular momentum = flattens into a spinning disk 
	-cycle of: star > gas > star = supports the ongoing star formation within the disk

-first 3 billion years: Young Galaxies
	-suggests that galactic collisions were common during the Universe's first few billion yrs
-galaxies still formed today

Galaxies Classification (3-12 Billion years)
-Hubble Tuning fork as listed below and Vaucouleur System lists different subtype of Spiral Galaxies (bars, rings, spiral arms)

Elliptical Galaxy (E) - ellipsoidal shape, spherical to highly flat, smooth/featureless, little interstellar matter (no gas/dust), can result from galactic collisions
	-radial star motion

Lenticular Galaxies (SO) - disks, and bright central bulge, no spiral arms, intermediate morphology between Spiral and Elliptical 

Spiral Galaxies (S) - have disks, arcing structures lying in the plane, rotating structure, stars emanate from the nuclear bulge, arms are sites of star formation (ie. Milky Way = Barred Spiral Galaxy = bar of stars running through the nuclear bulge)
	-our SS is located in a spiral arm, called Orion b/n Perseus and Sagittarius  

Irregular Galaxies (SB) - about 25% of the galaxies in the universe, have none of the above characteristics and cannot be classified
	-asymmetrical, no distinct shape

iclicker: How many stars are in the Milky Way? more than 200 billion!
-bulge of galaxy has most of the mass

Small SS bodies: celestial bodies that orbit the Sun, but do not have sufficient mass to achieve spherical shapes or cannot clear the neighbourhood around their orbits

iClicker Most of the Solar System's planets... orbit the sun in the same direction and rotate in the same direction as they orbit the Sun

-Titius-Bode Law - took initial series (3,6,9,12), added 4 to each term then divided by 10 = which gave the predicted distance in terms of astronomical unit (AU)
	-predicted distances were similar to actual distances
-asteroid belt - thought to be a planet that could not be put together 

Summary
-SS is a fairly flat place and all planets....
1) are within a few degrees of the ecliptic
2) revolve in roughly circular orbits
3) orbits are going in the same directions

Average planet density
-decrease from the inner part to the outer part of the SS

Lec. 8-9 and Ch. 12- Asteroids, Comets, and Dwarf Planets
-Meteorites, Comets, and Asteroids are extraterrestrial samples and are all left over planetesimals 
-samples can tell the history of our SS and how planets were formed and how they differentiated into: metallic core, silicate mantle, and a thin crust

Asteroids
iclicker: What are asteroids?
-word means "starlike"
-minor SS bodies, small fragments (planetesimlas) which sizes range from <1 km to 952km  
-rocky fragments leftover from inner SS formation (inside the Frost Line)
-have to be more than >10 m in size
-bodies which total mass is less than that of the Moon
-circular to elliptical orbits
-metal and rocky
-named BY their discoverers
	-newly discovered asteroids get a provisional name based on the month and year
-much smaller than planets
-most are irregular shaped, few are spherical
	-bodies often pitted or cratered
-many of them have a small companion moon
-most located in the main asteroid belt, but can be found in the outer Trojan belt 
-shine with reflected sunlight and brightness is determined by asteroid: size, distance, and reflectivity 
-infrared light is thermal radiation emitted by the asteroid itself which = the asteroid's temperature = how much sunlight it absorbs
-mass determined by seeing gravitational effects on another object
	-density can then be determined
-orbit the sun in the same direction as planets, but tend to be more inclined and elliptical to the ecliptic plane

3 Types of Asteroids and their Compositions:
-near the outskirts of the asteroid belt contain a larger proportions of dark, carbon-rich material that condensed  

1. C-asteroids
-most "common" and carbonaceous material
-dark in appearance
-clay and silicate rocks

2. S-asteroids
-stony
-made up of silicate materials and Ni-Fe

3. M-Asteroids
-"metallic"; Ni-Fe

Main Asteroid Belt
-between Mars and Jupiter
-2.2-3.3 AU from the Sun
-most asteroids found here
-formed as a result of orbital resonance: whenever 2 objects periodically lineup with each other and gravity tugs at the objects in the same direction at each alignment
	-one object's orbital period is a simple ratio of another object's period
	-creates Kirkwood gaps in the asteroid belt 
-Kirkwood Gaps: areas where no asteroids are found from the "kicking out" by inner planets (mostly done by Jupiter)
	-close encounter with an inner planet can eject them from the resonance
	-resonances with Jupiter prevented a planet from ever forming b/n Mars and Jupiter
-most of the inner SS planetesimals accreted into one of the 4 planets
-some asteroids outside the belt = impacts waiting to happen = potential threat to Earth
-perihelion is the point in orbit where a planet, comet, or asteroid is closest to the Sun
-recognizable in telescope images b/c they move relative to the stars

Trojan Asteroid Belt
-share the orbit of the planet of Jupiter; are in stable zones of 60° ahead and behind Jupiter
-interferes with Jupiter's orbit, so sometimes they are "kicked" out of the belt!
-any asteroid that wanders away from one of these zones is nudged back into the zone by Jupiter's gravity 

Near Earth Asteroids
-pass near Earth's orbit = impacts waiting to happen

iclicker: A spacecraft is navigating through the Main Asteroid Belt. What is the risk of bumps or bruises? Almost 100% = There is a large number of asteroids
>75% = The asteroid belt is an enormous region of space
50% = they are thousand to millions of km apart
<10% = to fly close enough to an asteroid to take a photo, the spacecraft has to be carefully guided to the asteroid
-lots of space b/n asteroids in the belt....
Correct answer: Almost none! 

Meteorites
-come from asteroids
-any piece of rock that fell to the ground from the sky 
-most fall into the ocean
-appearance: dark and pitted crust resulting from fiery passage thru atmosphere

iclicker: Meteorites are believed to come from: asteroids, moon, and Mars
-no samples from outside of the SS 

Classifying Meteorites-3 Types:
1) Primitive or Undifferentiated Meteorites - Chondrites (= roundish features = chondrules = C-Al, diamonds, silicon carbide)
-composed of rocky material
-4.6 BYO = remnants from the birth of our SS
-2 types of primitive meteorites:
	i. Stony: composed of rock minerals with a small fraction of metallic flakes 
	-the melt surface forms a fusion of melt crust
	-may develop a featureless surface with the molten material streaming to the rear
		-origin: formed in the inner regions of SS
	ii. Carbon-rich: similar to stony, but also contain C-compounds
	-most asteroids are this type...
		-origin: beyond 3AU temps low enough for C-compounds to condense = outer regions of 		the asteroid belt

2) Processed meteorites - Achondrites
-fragments of larger asteroids that underwent differentiation, whereby interiors melted so that metals sank to the center and rocks rose to the surface --> reason for 2 subtypes!
-younger than primitive meteorites
-"dissected planet"
-types of processed meteorites:
	i. Metal-rich: high-densities of iron and nickel, resemble terrestrial planet cores
		-origin: fragments of larger asteroids that shattered in collisions
	ii. Rocky/Stony processed: lower densities and are made of rock that is similar to 	terrestrial mantles and crusts
		-origin: chipped of asteroids that had volcanic-activity
	iii. Stony-Iron: equal amts of Fe-Ni metal and stony material

Stony Meteorites can contain chondrules or not...
-chondrites contain chondrules = minerals with small spheres 
	-achondrites no chondrules = originate from larger parent bodies

iclicker: What are meteors? -different from meteorites
-aka shooting/falling stars or fireballs = they are ONLY a FLASH OF LIGHT - caused by a particle entering the atmosphere, NOT the particle itself 
 -NOT meteroids that streak across the sky

iclicker: If the meteorite sample is stony material, is it heavier than the average rock? Yes! Most stony meteorites weigh more than equivalent-size terrestrial rocks b/c they may contain 5-50%  Ni-Fe metal...
Are they magnetic? Nearly all meteorites are at least weakly magnetic, either from Ni-Fe metal, magnetite, or both. An iron meteorite will be strongly magnetic enough to make your compass go weird... LOL

iclicker: If the meteorite sample is possible an iron meteorite is the surface pitted? Meteorites travel through the atmosphere at incredibly high velocities, heat generated by friction from atmosphere = surface melts and ablates. Iron meteorites.... Meteorites have hegmaltiyles...

iclicker: Is a meteorite always black, with a melt-like surface present? 

Meteoroid
-small piece of dust, rock, ice, or metal
-0.1 mm to 10m = meteoroid
-<0.1 mm = dust particle
-small bodies

Small Bodies orbiting the SS:
-numbers have diminished due to: collisions with planets, ejection from SS, many more present through the early SS
 
Comets 
-any type of icy leftover of the outer SS, formed beyond the Frost Line
-comets do not have tails	
-highly elliptical
-named AFTER their discoverers 
-small objects that orbit the Sun, beyond Neptune
-origin: leftover planetesimals that cruised between the Jovian planets were kicked all over interstellar space or escaped SS completely
-composition: made of ices (water ice, ammonia ice, and methane ice), with rocky dust, and rock = "dirty snowballs"
	-spectra show emission features of H-compounds = distant
-rare and never visit the inner SS
-2 distinct regions:
- Kuiper belt: large comets beyond Neptune, follow same plane and orbits as planets 
	-100,000 comets, includes Pluto and Eris
	-originated farther from the Sun with planetesimals that formed and remained in the outskirts
-Oort Cloud:  vast, spherical region of space with comets that have random tilts and orbits
	-trillion comets
	-originated closer to the Sun, with comets b/n Jovian planets = kicked out in random directions 	b/c of close encounters

Life of a Comet
-comet frozen -->  approaches Sun and sheds gas and dust, but still has central ice chunk (nucleus) --> ices sublimate into gas, which pulls dust particles (coma) --> coma continues to grow --> becomes the tail 
	-nucleus is not dense, part ice and part empty space
	-tails tend to point away from Sun, regardless of the direction in which the comet is travelling
-exist as bare nuclei for most of their orbit
-only grow tails as they enter the inner SS and approach the Sun
-comets have 2 visible tails:
-dust tail = made up of ice particles escaping from the coma
	-pushed away from the Sun's light = radiation pressure 
		-not as strong of a push as plasma tail, therefore slight curve back where the comet 			came from
-plasma tail = ionized atoms and gas escaping from the coma
	-atoms are ionized by UV light from the Sun, solar wind pushes gas away from Sun = tail points 	away 
-after comet loops around the Sun, sublimation decreases, coma dissipates, tail disappears
-comets that enter into Earth's atmosphere vaporize upon entry 

Meteor Showers
-comets eject sand- to pebble-size particles of rocky material, which are too big to be affected by solar wind or sunlight so they drift away and are spread along the comet's orbital path = 3rd invisible tail 
	-responsible for meteors and meteor showers
-particles not dangerous
-particles can enter our atmosphere, but usually are vaporized --> makes surrounding air glow with heat
-meteor shower: when lots of these particles enter our atmosphere when the Earth and comet cross orbits
-Perseids is the annual meteor shower

Dwarf Planets (aka Kuiper Belt Objects) - Pluto, Eres, Ceres
-category based on roundness
-any object that orbits the Sun, has its' own gravity  to make it nearly round in shape, and hasn't cleared objects out of its orbital neighbourhood
-most objects in the Kuiper Belt have stable resonances with Neptune 

Pluto 
-orbit is more elliptical and more inclined to ecliptic plane
-ice-rich, smaller than terrestrial planets, cold
-in the Kuiper Belt
-has a large moon, Charon and 2 smaller ones
	-Charon prolly created like Earth's moon = giant impact blasted outer layers, formed a ring and 	reaccreted to make Charon
	-impact also explains Pluto's tilt
	-1 day Pluto = 1 mth Charon

2003EL61 - suffered a giant impact, spins so fast = elongated

Impact Events
-most impact events occur over oceans, so we don't notice them...
-should occur not every century, but about every 2000 to 3000 yrs 
-if Jupiter didn't exist the threat from:
	-asteroids would be smaller, because they wouldn have formed planets instead
	-comets would be much higher, because Jupiter ejected most of the comets to Oort Cloud 
-close approaches to earth everyday 

-1994 comet Shoemaker-Levy 9 
	-left dark scars 
	-Jupiter's tidal forces ripped apart a single comet nucleus (SL9) into a string of comet nuclei lined 	up in a row
	-each nuclei crashed with energy equivalent to H-bombs
-scientists believe that impacts are supposed to occur every thousand years
-2009, 2010 also had impacts

-could these happen to earth? 
	-could alter the entire course of life

-Chicxulub Event - Yucatan, Mexico
	-65 MYA, 200 km crater across on coast, created by 10 km asteroid/comet
	-mass extinction of dinosaurs
	-Iridium was found, chemical commonly found in asteroids/meteorites
	-evidence: 1) unusually high abundances of other metals, 2) shocked quartz, 3) spherical rock 	droplets (drops of molten rock that cool and solidify in air), 4) soot (from forest fires)
	-caused major environmental changes

Frequency of impacts
-smaller impacts more common, larger less...

Undifferentiated vs. Differentiated Asteroids
-differentiated asteroids collides --> can produce different meteors

Arizona Meteor Crater
-50, 000 yrs ago
-50 m metallic asteroid, impact was 1 mile

iclicker: The meteor crater in Arizona is about 1.2 km across, how big is the object that hit us?
	-crater is always about 10x larger than the impactor...
	-therefore the impactor was around 100m

Tunguska Event-1908
-explosion, forests on fire, air blasts knocked over people, tents, and furniture
-caused by a small asteroid
-atmospheric friction caused it to explode completely before hitting the ground = no crater!

Lec. 10
Defining Length of Day
Sidereal Day: Earth rotates once on its axis every 23 hrs
	-4 mins shorter than a solar day
Solar Day: sun makes one orbit around the sky in 24 hrs
	 
Cycle of Lunar Phases and Month Length
-month comes from Moon's 29.5 day cycle of phases
-synodic month: period for each cycle of phases
	-Solar Day =/= Earth's true rotation period
	-Synodic Month =/= Moon's true orbital period 
	-means that the Moon must complete more than one full orbit of Earth from one new moon to 	the next

Defining Month Length
-sidereal month: moon orbits earth in 27.3 days. Earth and Moon travel 30° around the Sun during that time (30/360 = 1/12)
-synodic month: cycle of lunar phases, takes 29.5 days, 1/12 longer than a Sidereal month

iclicker: How much does the Earth rotate during one solar day? 
	-Earth takes 365 days to make a full 360 orbit around the Sun = ~1 per day around its orbit
	-thus a solar day represents about 361of rotation than the 360 for a sideral day
	-extra 1 = 4 mins 
-bit of extra spin is needed to point at the Sun, after Earth rotation and orbit

iclicker: The time between 2 consecutive new moons is called: a synodic month
	-synodic: Sun and Moon meet in the sky at every new moon 
	-lunar month ~ synodic month similar terms
	-time req. for complete cycle of lunar phases = 29.5 days = synodic month 

Defining Year Length
Sidereal Year: time it takes for Earth to complete one orbit around the Sun relative to the stars
Tropical Year: based on the cycle of seasons 
	-time from one spring equinox to the same next year 
	-20 mins shorter than sidereal year = happens because of precession (wobble axis) from the 	earth

AS A RESULT: 2 different types of day, month and year

Planetary Periods
-not used in our modern timekeeping, was used for more ancient cultures
Planet's Sidereal Period: time it takes for a planet to orbit the Sun
	-measured wrt to stars
Planet's Synodic Period: periods of time when planet is lined up with Sun in our sky
	-measured wrt to Sun
-conjunction: to us, planet appears to be aligned with the Sun
	-inferior conj.: Sun-planet-Earth
	-superior conj.: Earth-Sun-planet
-opposition: sky, planet appear exactly opposite the Sun (Sun-Earth-planet)

iclicker: When can we see the farthest planet? During conjunction the planet is hidden by the Sun's glare and rises and sets with the Sun in the sky. During opposition it moves through the sky like the full moon. Therefore, opposition allows us to see the farthest planet. 

When is it closest to earth? It is closest at opposition and hence appears brightest in our sky. 

inferior planets: Mercury and Venus closer to Sun than Earth is
superior planets: Mars, Jupiter, Saturn, Uranus, Neptune farther from Sun than Earth is

Inner Planets (inside asteroid belt):
greatest elongation: when inner planets appear farthest from the Sun in our sky 
-eclipses that arise from orbital planes are rare 

Transit: rare occasions, when an inner planet will be perfectly aligned with the Sun during inferior conjunction 

Telling the Time of Day
Local/Apparent solar time: time is based on Sun's actual position in the local sky (ie. sundial)
	-can change because of the Earth's slight elliptical orbit
Mean Solar Time: based on average length of a day
	-noon = avg. time at which Sun crosses meridian 
	-constant
Standard Time (ST): defined wrt to time zones
	-the ST in a zone is the Mean Solar Time and it is in the center of the time zone
	-Daylight saving time: 1 hr ahead of ST
Universal Time (UT): for navigation and astronomy - Mean Solar Time in Greenwich England

Our Modern Calendar
-calendar in synch with tropical year
-Egyptians using 365 days, while length of a year = 365.25 days
-Julian Calendar introduced Leap Year, didn't work out so well
-Pope Gregory XIII - Gregorian Calendar - leap year is skipped when a century changes - USED TODAY

iclicker: Leap years account for...
-combo of earth's rotation and orbital motion
-mismatch of exact length of a year and 365 days
-difference b/n sidereal years and tropical years, need to add an extra day every 4 years so that seasons remain in synch with the calendar
-changing length of the year from one year to the next

How do we know the time of day? 
-From the location of the Sun in the local sky (Earth’s rotation). 

And what about months? 
-From the Moon’s cycle of phases. 

How do we count the years? 
-From the Sun’s annual path along the ecliptic (sun's annual path among the constellations), or, our orbit around the Sun

Lec. 11 - Isotopes
iclicker: Beck was born on 2000. This is an...absolute age - we know the exact dates (ie. WWII: 1939-45)
iclicker: Sarah is her younger sister. This is a...relative age - know order of events, but not dates (Civil War before WWII)

Relative Ages
-rock layers is relative

Absolute Ages: Early Attempts
-salt in ocean - we know the rate of salt added to the ocean, if we find amt of salt in oceans = find age of oceans
-sediment thickness: add up thickest sediments for each period, estimate rate
-both methods gave age of about 100 MYA
-problem: rates are variable, because sediments are always moving 

Fundamental Rule of Absolute Ages
-Earth is older than everything on or in it 
	-except its atoms
	-all ages are minimum ages

Radioactive Dating and Isotopes
-proton number determines the type of chemical element 

Stable vs. Radioactive
-stable: isotope with no decay
-radioactive isotope: with decay 
-half-life: determines the amount it time it takes for one proton --> a neutron 

3 types of Radioactivity
-alpha particles: essentially the 4He nuclei, particles that lose energy quickly
	-can't pass through solids
-beta particles: high velocity electrons 
	-can pass through solids
-when a nucleus emits an alpha or beta particle, the daughter nucleus is left in an excited state, can then move to a lower energy state by emitting a gamma ray, which is more energetic and penetrative type of radiation
	-gamma rays do not produce new nuclides!

Alpha Decay
-large, unstable nucleus --> smaller more stable nucleus + alpha particles (4He)

Beta Decay
-whereby a beta particle is emitted from an atom
-produces neutrinos, electrons OR positrons 

Radioactive Decay	
-N nuclei at the time t 
-after: t + t, N will have decay
-More nuclei means more decay! 
-More time means more decay!
-lambda = desintegration constant
N0 = initial number of nuclei
N = -Nt
N = N0e^(-
-decay can change one element into an entirely different one with different chemical properties

iclicker: If a mineral contains 1.56% of its original parent isotopes, how many half-lives has it gone through? 6... (1/2)^6

iclicker: Suppose you find a rock originally made of K-40, half of which decays into Ar-40 every 1.25 bill yrs. You analyze the rock and find 16 atoms of Ar-40 for every atom of K-40. How long ago did the rock form?  5 billion years ago...
1 atom of K-40/16 atoms of Ar-40 = (1/2)^4 
-therefore went through 4 half-lives and each half-life is 1.25 bill
-thus: 4 x 1.25 bill = 5 BYA

Radioactive Dating Steps
1) Select a fresh, unweathered rock sample
2) Crush the rock and separate the isotope-bearing minerals
3) Analyze the isotopic compositions of the whole rock and/or mineral separates using mass spec
4) Use data to calculate an age

Lec. 12 and Ch. 7
Nebular Theory
-Accretion --> moon-sized planetesimals (protoplanets) --> grow larger --> only largest planetesimals avoid being destroyed --> become planets
-planets are very small compared to the distances b/n them
-still many questions: 
	-quantitative aspects
	-reasons for exact sizes, locations, and compositions of the planets

Planetesimals Hypothesis
-growing objects formed by accretion
-planetesimal > 1km
-protoplanets = >moon-sized planetesimals

Main Features of the SS:
1) Orderly Motions: nearly circular orbits for most of the 8 planets, their moons, and Sun => CCW rotation/orbits
	-moons tend to be more along the equatorial plane
	-planets tend to have small axial tilts
	-planets closer to the sun have faster orbital speeds 
	-average planet density decreases from inner --> outer part of SS, even though mass is 	increasing...
	-Bodes Law: each planet is roughly twice as far from the Sun as the previous planet  

2) Planets fall into categories: Terrestrial vs. Jovian planets
	-Solar Nebula composition: Metals + Rocks + H compounds + Light gases
	-Mercury mostly made of iron core
	-Uranus and Neptune:
		-core with rock and ice
		-mantle: water, ammonia, methane ices
		-atmosphere: H, He, and methane gases
	-Jupiter and Saturn:
		-core: rock and ice
		-mantle: metallic H
		-outer mantle: molecular H

-iclicker: What process created the elements that are found in terrestrial planets? Nuclear fusion from stars...

3) Asteroids and Comets
-comets found in Kuiper Belt and Oort Cloud
-asteroids found in asteroid belt

4) Exceptions
-Uranus and its' rings, moons all rotate nearly on their sides = extreme weather
	-probably resulted from cataclysmic collision
-Earth's moon is relatively large compared to other planets

Sun: 
-has 99.9% of SS mass
-H/He gas in form of plasma
-converts 4 million tons of mass into energy/sec

Mercury
-innermost planet, smallest planet, made of mostly iron
-least studied of inner planets
-both hot and cold extremes
-tidal forces from the Sun have forced it into an unusual rotation pattern


Venus
-identical in size to Earth
-rotates very slowly and in opposite direction of earth
-extreme greenhouse effect

Mars
-size is between Mercury and our Moon, but smaller than Venus/Earth
-ancient volcanoes, but now frozen today! (dry/CO2-ice and water-ice)
	-dried up riverbeds, rock-strewn floodplains, and minerals 
-no ozone = exposure to UV light

Jupiter --> Saturn --> Uranus: see above!

Neptune
-more blue than Uranus
-rings and moons, one of them is Triton and has backward orbit = captured moon

-iclicker: Which of the following is not a clue to the formation of the Solar System? 
	-The number of small rocky planets is equal to the number of large gas-rich planets
	-match in number is JUST A COINCIDENCE

-other planetary systems around other star systems
-55 extra-solar planets discovered, masses like Jupiter

-1 AU = distance from Sun to Earth

Spacecraft Exploration
1) flyby: passes an object and continues
	-cheapest method, uses fuel ONLY to change trajectory
	-gravitational slingshot: using gravity to bend its path, rather than burning fuel

2) orbiter: obits an object, longer study
	-more expensive, needs more fuel
	-aerobraking: object's atmosphere slows spacecraft orbit into a circular motion

3) landers/probes: land on a planet's surface or probe atmosphere
	-collects temp, pres, composition, and radiation
	-usually destroyed
	-use fuel/crash with airbags
