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1.0 Introduction 
· Science begins with observation, testing a hypothesis, eventually to  theory, and possibly a law.  
· Temperature: Celsius and Kelvin (low temperatures such as surface of planets and satellites lacking greenhouse) 
 
Chapter 1 
1.0 The foundation of science the scientific theory  
2.0 The Scientific Method 
· Observation  invent hypothesis  test hypothsis  create theory  test theory 
 create law 
· Theory, law and hypothesis DO NOT mean the same thing.  
Hypothesis  
· An educated guess based upon observation (can be one or more). It is supported or rejected through experiments or more observation 
· It can be supported/rejected but CANNOT be proven to be true.  
Theory  
· Summarizes a hypothesis that is supported by repeated testing and observation 
· Only firm evidence can dispute.  
· With evidence collection, it supports ahypthesis that explains a phenomena, which becomes a theory.  
· Not gurarunteed to be true but it’s the best we can do based on evidence 
· Hypothesis and theories attempt to explain 
‘why’ os some action; theories are much better than hypothesis due to the extra testing.  
Law 
· Explains a body of observations. There are no exceptions to the law at the time of creation.  
· Laws explain things, they do not describe them 
· Difference between theory and law: does it explain why? If it does, it’s a theory, not a law. If it describes “how” it’s a law.  
· Ex. Law of gravity predicts the behaviour of an object as it falls; it doesn’t wxplain why it falls.  
· Ex of scientific method  o 	Observation: Every Canadian I’ve met this year loves maple syrup. o Hypothesis: All Canadians must love maple syrup. o 	Experiment/Test: A random sampling of Canadians from around the country produces only maple syrup lovers. o 	Publication of my hypothesis: “My national research has indicated that Canadians always have a predilection for maple syrup, wherever they are found”. o 	Further testing: Every Canadian citizen any other scientist has ever observed in any country has always been partial to maple syrup. 
o Theory: All Canadians love maple syrup. o 	Prediction: The next Canadian I meet will be a maple syrup fan. 
3.0 The Big Bang Theory  
· Effort to explain what happened at the beginning of the universe.  
· Before Big Bang, the universe did not exist. Time and space were created in an expansion that emanated from a ‘singularity’ o Singularity  area in space-time where gravitational force is so high that all known laws of physics break down and don’t apply.  
· Gigantic expansion  not the same as explosion. An explosion means there has to already be space for the explosion to expand. (does this mean that before the singularity, there was nothing, no time or energy? This is what the big bang theory states) 
· A singularity  a big bang  and creation of time and space 
     The Observations (the Evidence)  
· Three pillars of proof: 
o Recession of stars/galaxies (as described by Hubble’s Law) o The characteristics of cosmic microwave background radiation o The abundance of light elements  
 
4.0 Hubble’s Law  
· Demonstrated that there were many galaxies in the universe – not just the Milky Way. He proved the universe was expanding and showed us how to measure distances in space. 
· He fought for having astronomy known as physics  
· Hubble Space telescope in honour of him in earths orbit  
Light’s Redshift and Hubble’s Law 
· Compare property of sounds and a property of light  the apparent change is called the Doppler shift/effect  when an object comes towards you making a sounds, the waves are compressed by the motion of the noisy object and sounds difference t you than the same sound being carried away.  
· Waves of light would behave somewhat like waves of sound when the light source was moving toward or away from the observer 
· If the light source is moving toward the observer the light wavelength appears to shorten (i.e., to move into the blue spectrum, becoming “blue-shifted”), and if the light source is moving away from the observer the light wavelength appears to lengthen (i.e., to move into the red spectrum, becoming red-shifted) 
· The fast the light-emitting object was moving, the greater the shift.  
· The speed of light is fixed and cannot change, so when Hubble observed apparent changes in speed of light (from a star), it meant the stars had to be moving away from Earth.  
· Long time for light to travel = red shifted when it appears (the amount of redshift can be used as a measure of a star or galaxy’s distant from earth) 
· V=Hod (hubble’s law) o where v is the speed expressed in kilometres per second, d is the distance of the star/galaxy away from Earth in parsecs (1 parsec = 3.26 times the distance light travels in one year), and Ho is the Hubble constant.  That makes Ho the speed of expansion of the Universe; Hubble assumed it was a constant (that has turned out to be somewhat wrong). 
· You can calculate how far from either an object is by dividing its velocity (through redshift) by the rate of expansion factor.  
· Assumption: your calculation assumes that Ho (expansion factor) is a constant.  
 
5.0 Cosmic Microwave Background Radiation 
· When Big Bang occurred, the Universe was very hot and as it expanded, it cooled. The hot light photons that were produced early on have since cooled and dropped from the visible energy range into the microwave energy range (this constitutes CBM  cosmic microwave background) which we can see from anywhere in the world  because it comes from all directions with the same intensity.  
· CBM discovered in 1965 and Nobel Prize in 78 when they realized it wasn’t pigeons.  
· The pattern of CBM is the same throughout the universe which means that the CBM is the last of the heat/light from the Big Bang expansion.  
· In space, it should be 0 Kelvin, (-273) but its actually 2.726 (-270.424) 
 
6.0 Abundance of Light Elements  
· Third pillar of proof  ratio of various atoms of the three lightest elements : hydrogen (75%), helium (25%) and lithium (trace).  
· Abundance of all atoms of those elements can only be if they originated from one signle ration of the first subatomic particles of matter. The only way to get that ratio is through an event like the big bang.  
7.0 Shape of the Universe  • How will the universe end?  
· 3 unique shapes:  
o Positive curvature (sphere) which would mean a closed universe, finite in size but without boundary. You could theoretically fly straight and end up back where you left off. They eventually stop expanding.  
· This depends of matter in the universe that gravity can pull things back together. But this is a cyclical event: bang, universe crunch, bang, universe crunch.  
· Ex. Like tossing a ball, energy keeps the distance up and expanding, but eventually the energy fades and ball is pulled back to gravity. 
· Universe is Open or have negative curve ie. Saddle-shaped and are infinite and unbounded. They expand forever, never approaching zero (ball just keeps going, gravity doesn’t effect it). Parallel lines eventually diverge.  
· Universe is flat. Infinite in spatial extent and have no boundaries. Parallel lines are always parallel. The universe would expand forever but they do approach zero.  
· Density parameter is critical for all 3 shapes. If it had a neg curve, there isn’t enough matter to allow gravity to act and stop expansion. If it has a pos curve there is more than enough matter to allow gravity to pull everything back. If space is flat, there is exactly the ‘critical value’ of matter that prevents the universe from pulling back or expanding into oblivion. 
· Conventional matter affects gravity (stars, planets, asteroids, comets, etc) but that’s less than 5% of the universe. If this is it, we will be stretched to oblivion.  
· Dark matter: gives off no energy but we know it exists because of its gravitational attraction to conventional matter (27% of matter). If this is it, it would slow expansion 
· Expansion is increasing, NOT decreasing. due to a mysterious force (70%) that acts in opposition to gravity AKA it REPELS matter which is known as dark energy. This is the thing that controls expansion  
· When it counterbalances the kinetic energy of the big bang, we are at the ‘critical value’ of 1 for a density parameter (ie. A flat universe)  
· We are accepting that the universe is almost perfectly flat – but has just the slightest negative curvature. 
· We will call it flat.  
8.0 Age of the Universe         Radioactivity 
· Elements have certain radioactive components that breakdown at fixed rates that give off energy in the process (nuclear reactors).  
· How old is the universe? Observing the compositions of gases around old stars/knowing radioactive processes required to produce said gas/knowing factors involved in breaking down components and what it yields.  
· This info gives us an estimate of 11.5-17.5 billion years.  
· Oldest star found has been 13.2 billion years old so uni has to be older than that.  
     Hubble’s Expansion Constant 
· To develop equ’n that connected redshift with distance/velocity of light in uni, there had to be a constant for expansion ate (Ho). There’s been many refinements to Ho but in any rate expression, there’s a time factor so we can still use Hubbles OG equ’n 
· White dwarf stars – remnants of stars that have consumed all their fuel and are cooling off. All of the white dwarfs found were between 12-13 billion years old. It takes approx 1 billion years to let the cosmos cool off, so the uni is dated between 13-14 billion years old. 
     
 Cosmic Microwave Background Radiation 
· Offers the most accurate view of conditions in early universe 
· Map based on CMB signals back to when big bang produced first photons 
· Universe is 13.8 +/- 0.04 billion years.  
      
 
 
 
 
Appendix 
· Turok’s theory  Big Bang certainly was big, but not unique; he claims there have been many Big Bangs (and universes), and that there will be many more. He suggests the Big Bang represents just one stage in an infinitely repeated cycle of expansion and contraction (sort of like clapping your hands in very slow motion?), and that neither time nor the Universe has a beginning or end. How does it all work?  Basically Turok proposes a universe consisting of two infinitely extensive sheets, separated by a very thin layer of energy (you could call it dark energy, it does not really matter).  This is a ‘sandwich’ model.  Every once in a while, the intermediate layer becomes unstable at some point, gravity starts pulling things together, the layers bounce together, and – from the point of the contact – sufficient energy is generated to produce another Big Bang. From then, until the next period of instability (perhaps some trillion years in the future), the Universe continues its life of expansion.  
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Time and Space 
 
Light Years 
· Distance between stars/galaxies is measured in light years 
· Measuring in km would be like measuring Toronto to Tokyo in cm  
· A light year is the distance that light travels in one year 
· Light travels at 300,000 km / second ; there are 31, 500, 000 seconds in a year therefore the speed of light is 9.4608 x 10 12 km/year 
[image: ] 
· If you are studying a star that is 1 million light years away, you are looking at light that started its journey towards you 1 million years ago. You cant know what’s happened to that star until its reached earth  
· So really when looking at a distant object in telescope, you are looking back in time 
 
Measuring Light Years  
· Middle range work (500-500 million light years distant) is most complex.  
· Up to 500 Light Years Distant  o A nearby tree, viewed against a more distant field, appears to move slowly behind you as you pass it by. This phenomenon, called trigonometric parallax, relies on an object appearing to be at a different place relative to the background, depending on your viewpoint. 
· When we view a nearby star against a background of much more distant stars. As Earth rotates around the Sun, the nearby star appears to 'wobble' relative to the distant stars 
· If we point a telescope at our nearby star in January, and then take another look in July, the telescope would have to be moved by some (tiny) angle from where we had originally pointed it to recenter our star in the sights. Once we have measured that angle, and knowing the distance that Earth has travelled in six months (2 astronomical units, or 300 million km), we can calculate the distance to the star  
[image: ] 
· 500 to 500 Million Light years Distant 
1. Main-Sequence fitting (ie. Brightness)  chart called a Hertzprung-Russell Diagram, relating the luminosity to temperature.  o the sun is in the class “main sequence”  
[image: ] 
· Determine the exact colour of the star, draw a vertical line from the colour to the determined temperature to intersect our line that represents the main sequence and measure, using horizontal line, on the brightness scale what the ‘true brightness’ (intrinsic brightness) a star’s brightness dims with distance, so the brightness you see from Earth (called the ‘apparent’ brightness) is rather less than true 
· Apparent brightness (which you see) = intrinsic brightness (graph) / (4 x pie x distance2) o Is used for distances about 150, 000 light-years away which is beyond Milky Way  
2.  Cepheid’s  marker starts that have a pulsing brightness that peaks with absolute  regularity  
· find a Cepheid, and measure the time between one brightness peak to the next, which gives us the intrinsic brightness value from a chart.  
· Cepheid’s are everywhere so they tell us how far away galaxies are up to 500 million light years away.  
· Edwin Hubble proved that the milky way wasn’t the only galaxy by using this technique.  
· October 6, 1923 at Mount Wilson Observatory in LA, he photographed a fuzzy, spiral shape clump of stars known as Andromeda (M31), which most people assumed was part of our galaxy. Within this clump was a Cepheid so he was able to determine the distance from earth to the star (a million light years away; 3X the estimated diameter of the universe). He was able to define the shape of the galaxy, and the Andromeda Galaxy is out closest neighboring galaxy, to look quite like our own but bigger, and resembles a Frisbee.  
 
What is happening in The Abyss Beyond 500 Million Light Years? 
· Edwin Hubble answered “is the universe expanding?” by working out a relationship between the distance of a star/galaxy from earth and the ‘redshift’ of the light from that star/galaxy 
· Proof of the existence of the big bang (Hubble’s Law): v = Hod 
· Ho was determined as the Hubble constant, but it is actually the speed of expansion from the universe 
· So in simple, you can calculate how far a galaxy is by dividing its velocity (degree of redshift) by the rate of expansion 
 
3.0 The Scale of Space 
· Galaxy – a collection of stars, gas and dust held together by gravitational attraction. 
· About 100 billion galaxies 
· There are 10 million visible super clusters; 24 billion galaxy groups in visible uni; 350 billion large galaxies;  7 trillion dwarf galaxies; 30 billion trillion visible stars 
· In our immediate environment is a group of 40-50 galaxies, called the local group, with the three dominant ones being the Andromeda Galaxy, the Milky Way Galaxy, and the Triangulum Galaxy 
· Andromeda is moving at 500,000 km/hr and is expected to crash into milky way in 3 billion years  
· Our solar system is about 2/3 out from the core of the milky way. It is spiral-armed shape, which we know because in the sky the star cluster are disc-shaped , you are looking parallel to the plane of the disc rather than perpendicular.  
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Introduction 
• We will accept that the big bang created everything (matter), and that the most basic form of matter combined ot form elements, that that these eventually formed star-plant systems. This is known as the Nebular Hypothesis (not ready to be a theory yet). 
 
The Chemical Elements 
· [image: ]About one second after the bang, space was 10 billion Kelvin and filed with neutrons, protons, electrons, anti-electrons, photons and ‘dark matter’. As it cooled, it formed elements 
· Element:  a substance that cannot be broken down to anything simpler by any chemical means. 
· Atom:  a particle of matter that has the unique properties of an element (i.e., atoms are the essential particles of elements).  All atoms consist of a central nucleus that contains one or more particles called protons (positively charged) and may or may not contain particles called neutrons (neutral, or no charge); the nucleus as a whole is thus positively charged.  The nucleus is surrounded by one or more electrons, which are negatively charged.  This offsets or balances the positive charge of the nucleus, making most atoms 
neutral (i.e., most atoms have the same number of protons and electrons) 
· Ion: an atom with a negative charge or positive charge. Positive ions combine with negative to form neutral compounds 
· Isotope: an atom of an element with different nuber of neutrons within their nuclei than the ‘norm’. we identify isotopes by the sum of the protons and neutrons in it’s nuclei; this is called the mass number o Ex. Lithium (Li) has 2 isotopes. A normal lithium atom contains 3 protons, but the isotopes contain either 3 neutrons or 4 neutrons. Therefore we have Lithium -6 
(3 P + 3N)and lithium -7 (3 P + 4N) o Hydrogen comes in 1/2/3 and 3 is unstable and found in trace amounts, and breaks down quickly…any isotope that isn’t stable and breaks down quickly is radioactive  
· Radioactivity: the spontaneous breakdown of unstable atoms (ie. Isotopes) of an element, with the production of energy and other particles  o H3 is produced as a by-product of cosmic rays interacting with other atoms in earth’s atmosphere or surface waters and labs. Its half-life is 12.32 years.  
· Fission: breakdown of nucleus of a heavy atom (isotope) into 2 lighter particles plus energy – this is radioactivity ! it is also meant to describe both spontaneous breakdown but also those that people can make happen (like nuclear reactors that produce energy)  
· Fusion: the combination of 2 light atoms/isotopes to make one heavier one plus energy. This is NOT a radioactive process because although the heavier atom produced may be radioactive, it may also be stable.  
· Supernova: the explosive death of a massive star. The explosion is instantaneous but the effect (brightness) can be seen for weeks o in 1054, a massive star exploded (the Crab Nebula) where the light allowed people to read newspapers at night.  
· The Periodic Table of Elements: arrangement of ll known chemical elements according to order. They are ordered by increasing atomic number (number of protons I nthe nucleas of the atom). Low atomic weight – high atomic weight  
[image: ] 
Elements: From First to Last  
· As the energy from the Big Bang began to dissipate, the chaos resulted in hydrogen, helium and lithium (the first 3 elements in the table) 
· H1 is most abundant/NB; H2 was NB in early moments of bang and still constitutes 
0.015% of hydrogen today…its name is deuterium, and is the only isotope with a name o Most of the H2 went through a reaction to form helium and a little lithium which is how they were formed. 
· So if the Big Bang only made the first 3, where did te rest come from? Nuclear fusion reactions in the stars! The sun isn’t big enough but big stars have enough energy to synthesize (by fusion) elements up to iron (Fe; 26).  
· After iron, the answer is supernovae – the explosion releases so much heat and pressure that all heavy elements can be produced (humans and earth were made from supernovae) 
 
The Nebular Hypothesis  
· Suggests that the solar system formed over brief span and ALL AS A UNIT, from a nebula (cloud of gas).  
· 5 billion years ago, a nebula (low density) floated within the Orion Arm of the Milky 
Way Galaxy and spread over a very large volume of space, contracted under self-gravity. 
· This means that all particles were attracted together by the gravitational effects of the other particles in the cloud. There was a shrinkage and flattening of the cloud (the OG cloud could have been a light year long!). With the shrinkage, the solar system diameter was 17 light minutes in diameter. 
· The air around you contains ten million trillion atoms/cubic cm!!  
· So the gas cloud out of which the solar system formed was pretty much empty space  
 
Collapse! 
· Most gas clouds DON’T collapse under its self-gravity and form solar systems … so why did ours? 
· A part of the cloud was recoiling from the shock of a nearby supernova, which increased in density when the contractions started; the atoms were very active producing heat, creating a local collapse within the cloud.  
· As particles get closer they collide more, increasing the temperature (the net increase of temp would be short lived because the heat is radiated out into space, leaving the cloud barely warmer than what it was…the cloud would become smaller and denser but the temp wouldn’t really change for some time.)  
· The particles become so packed that the heat cant escape, and any thermal energy would be blocked by the dense layers of matter. The heat builds up an the particles near the center move at high speed meaning they can provide sustaining pressure to stop any further collapse.  
· The heat of the gas means that fusion reaction  can take place, releasing more energy and a star is born – all in less than 100, 000 years.  
· The sun in not constant, but it does convert about 600,000,000 tons of hydrogen nuclei to helium nuclei. This reaction converts part of the mass of atoms (4 million tons) into energy and releases heat and energy … the sun looses 4 million tons of mass each second 
· The sun will run out of hydrogen fuel in 5 billion year, and at this point it will expand into a red giant and destroy most planets; but remember, Andromeda is supposed to hit us in 3 billion years! We don’t know what will happen… 
 
Cloud Flattening 
· Why we wind up with a flattened star-planet system? 
· It is due to conservation of angular momentum o Momentum: a measure of an objects tendency to move at constant speed along a straight path  
· Angular momentum: a measure of the amount of spin of an object o Conservation of angular momentum: if no outside force acts on a spinning (or orbiting) object, the objects angular momentum will not change with time, no matter how the object interacts with other objects  
· There would have been very light circulation of gas, which defined the ‘sense of rotation’ including its angular momentum.  
· Therefore, as the cloud contracts, the spin will become faster and faster (ex. Figure skater), and the increasing spin leads to it flattening out. This explains why the solar system is flat and why the planets all move in the same direction  
 
 
Condensation of the Planetary Disk 
· The accretion method  
· The central blob (newly formed sun) was v hot, but would the whole nebula become hot? NO. The outer parts would have been cool therefore the nebula had a temp gradient 
· Clouds of gas and dust get ‘mixed up’ by atomic motions, magnetic fields, injections of energy from stars, and other.  
· The nebula had the same composition both before and after the slow collapse and flattening. The collapse itself DOESN’T lad to any difference in composition; the heavy atoms (like iron) wouldn’t have fallen before the lighter atoms (like hydrogen)  
· put temperature gradient and homogenous composition TOGETHER  why didn’t the planets have the same composition if the cloud did? In the cooler outer parts, the temp was low enough that everything condensed…closer to the sun, not everything could condense in the swirling nebula 
· also all the volatile elements (hydrogen, water vapor, etc that boil at a normal temp) remained in their gaseous form…therefore the refractory elements (ones that don’t respond to heat) could condense and freeze and formed chemical bonds strong enough that nothing could break it really.  
· Near the sun, small grains of refractory material condensed (metal oxides, nickel, iron) and grew to pebble size 
· Where Jupiter forms, everything condensed past it whereas closer in where mercury is, only the heavier refractory elements condensed.  
 
From Pebbles to Planets 
· So now we know that composition depended on distance from the sun  
· Because of the original spin, the pebbles are moving in the same direction (orbiting sun), and when pebbles collided it wasn’t head on, but would end up sticking together which is called accretion. As the lumps increase in size, so does the gravitational force.  
· They eventually grew into planetesimals (small planets; 10-100 km across), and when they grew the next stage was called protoplanets.  
 
The Magic Broom 
· The inner planets (closest to the sun) have little of the lighter elements because they were in gaseous form at time of formation, therefore lacing hydrogen and helium.  
· The extra gas was ‘swept out’ of the system towards the end of the solar system, but there’s not really proof hence the word magic o Sun gives off a solar wind (outflow of charged particles, usually electrons) that stream through the system at several hundred km/second … when there is a flare or eruption on sun, the solar wind increases and particles hitting the upper parts of earth give rise to impressive displays of northern lights.  o Stars called T Tauri Stars is thought to be similar to how sun would have looked at time of formation. These stars have very strong winds, which could have driven the remaining gas out of the system. 
· The atmospheres we now find around rocky inner planets are almost not what they were when they first formed; the inner planers atmosphere were completely swept off at some early stage in history…the fact they have an atmosphere is the result of ‘outgassing’ of the planets, in particular, the release of volatile 
substances by volcanoes. Early earth would have had the gravity to hold onto some gases from the OG atmosphere, but earths active geology led to considerable outgassing and production of a secondary atmosphere  
 
Some Predictions 
· If this hypothesis is correct, then in they early times of the system there must have been large numbers of planetesimals orbiting around and becoming protoplanets.  
· We should find that the bombardment rate (number of collision) should be high early on, but fallen off as time passed  we’ve tested this with the moon, as it was beaten up a long time ago but rarely is now (this was Apollo mission)  
· Late in the formation process, there must have been large lumps moving around our solar system, not all would have been orbiting in parallel paths, therefore there could have been 
very vigorous collision between enormous fast-moving lumps of rock o This is why Uranus is tipped on its side  
· Why the rotation of Venus is retrograde (opposite of other planets) o How earths natural satellite (the moon) came to be (theory is that earth was clobbered by a mars sized-planet early in its life) 
· Why mercury’s orbital inclination varies chaotically  
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Unit 2, Chapter 4: The Solar System  
 
Introduction 
· Our solar system consists of a central star (the sun) surrounded by 8 major planets, 3 dwarf planets, countless comets and space debris.  
· Geocentric Model: Earth is at the center of the solar system 
· Heliocentric Model: Sun is at the center of the solar system.  
 
The Pioneers and their Models 
Plato/Pythagorus 
· Developed in 530 BC by Pythagorus who pictured the earth as stationary object in space surrounded by a sphere which contained everything else, which rotated slowly 
East at speeds depending on how far they were from Earth 
· 100 years later, plato tried to recreate it but it didn’t end up any better 
Aristarchus  
· Experimented with placing the sun at the center but never attempted to promote his model 
· Spent his time in the Great Library at Alexandria 
(Egypt) in 310-230 BC 
Ptolemy 
· 85-170 AD, religious 
· He put earth back at the center 
· According to the “scientific method”, the idea of a model is to express observations and predict events accurately –this model did not do that  
· Since he was religious and the Catholic Church loved him, they supported his model for 1400 years. Copernicus 
· 1514, studied law and medicine, played around with Ptolemy model because it wasn’t predicting events well 
· put the sun at the center and earth revolving around it once per day –It started predicting things better, but the catholic church didn’t support it  
· his friends published it after he died, but stated that the contents were good for calculating planetary position but shouldn’t be taken as anything representing reality (this protected the book from the church)  
Tycho Brahe 
· 1546-1601 kidnapped by uncle to become lawyer. In 1572, he witnessed a supernova, which didn’t move its location no matter where you were in Europe which led him to believe it was very far away, further than any of the cosmos models suggested.  
He made himself famous by discussing the star, the king of Denmark gave him a ton of gold and he built the first observatory (Castle of the Heavens) and the records of star/planet positions (not the model) have been used ever since.  
· He did not believe what Copernicus developed though and though: sun moves around earth, dragging the rest of the planets with it.  
· Gave mars to kepler Johannes Kepler 
· He worked with Tycho, and applied math to Copernicus model and realized he was almost right  
· He discovered that planets weren’t sitting on a series of celestial spheres, but they were pushed into orbit by the sun – the closer to the sun, the stronger the force. This force had to be magnetic, but he had no proof. 
· Gravity had not yet been discovered, so he thought the planets were moved into orbit by angels… 
· 3 laws 
· 1. The construction of an ellipse (flat circle) b/c planet didn’t move in perfectly circular paths. The suns center is always located at the focus of the orbital ellipse. 
The planets distance to the sun is always changing as it orbits 
· Defined by 2 points (foci) the sum of the distance to the foci from any point on ellipse is a constant 
· The amount of flattening of an ellipse is called eccentricity – the flatter, the more eccentric (has a value between 0 (circle)-1 (flat line aka parabola) 
· The longest axis is called major, smaller is called minor. Half of major is termed a semi-major  
· 2. The imaginary line joining a planet and the sun sweeps equal areas of space during equal time intervals as the planet orbits.  
· Planets don’t move with constant speed, but it varies 
· When a planet is at the closest point to the sun, its termed perihelion (moves fastest at this point) 
· When a planet is at the farthest point from the sun, its in Aphelion o 3. The squares of the orbital periods of the planets ae directly proportional to the cubes of the semi-major axes of their orbits  
· implies the period for the planet to orbit the sun increases rapidly with the radius of its orbit 
· mercury takes 88 days 
· earth takes 365 
· Saturn: 10, 759 days  
· Gravity was the unknown force (at the time) that made this third law possible. 
Galileo Galilei 
· Didn’t know Kepler even though they were around in the same time. He was intrigued by Copernicus, and he was the first to observe planets through telescope.  
· Telescope worked by combining 2 lenses and magnified by 8-fold and later 33, and sold the rights to telescopes to the Venetian Senate  
8-power telescope was the one in 1609-10 observed the moon, sun, and sunspots. He observed Jupiter and saw 4 satellites orbiting around it in the same plane close to the ecliptic.  
· In 1613 he decreed himself to be a Copernican. At this time, officials of the inquisition and in 1616 he was told to stop teaching Copernicus model. He quit teaching (because he was a good catholic) but wouldn’t quit arguing about it 
· In 1632 he published a book promoting Copernicus theory (because the new pope was his friend), but he was put on trial anyways and found guilty of heresy (that the sun was middle, not earth)  o Why was the church so adamant that earth was the center? Because if earth rotated and a body was dropped from a tower, it should fall behind the tower due to the rotation.  
· He was placed under house arrest because he was so important, not jail, until his death in 1642. In 1992, the catholic church absolved Galileo of his so-called crime (350 years after his death) 
 
Learning Goals 
· The Sun is a middle-range star on the Main Sequence of the Hertzsprung-Russell diagram. It is essential to know its history from birth to death. 
· [image: ]The problems with the Nebular Hypothesis have mainly to do with the evolution of the different planets and their present locations in the Solar System. It is essential to learn how the positions of planets changed as the system developed. 
 
Chapter 4: A Star Called Sun 
· Sun was a god to Egyptians, Aztec, Inuits and Greek  
· The sun is a MAIN SEQUENCE STAR in the Hertz-Russel diagram.  
· It’s a little bit smaller than other stars in the sequence, but brighter than 85% of the other stars in our milky way galaxy.  
 
Anatomy of the Sun 
· No defined surface; its made of gas that becomes denser as you move towards the center.  
· The Photosphere (visible outer layer of star) represents the depth within that gas at which we can see no deeper toward the core. (ex. Thick cloud from airplane view, looks solid even though its not) .  
· Suns atmosphere changes from transparent to opaque over a few hundered Km, so it appears as a well defined boundry but its not.  
· Therefore the size of the sun really means the size of the region surrounded by the photosphere. He photosphere is surrounded (2500km) by chromosphere which we can see with only special intruments. It is irregular layers of gas that extend up and away from photosphere. This zone is transparent to most visible radiation.  
[image: ]The chromosphere merges into outrermost region of the suns atmosphere, the corona, which extends for millions of km. we cant see the corono becasuse of the brightness of the photosphere, but during a solar eclipse the corona can be seen.  
 
Basic Sun Physcial Facts 
· Diameter: 1.4 million km (109 X earth)  
· Volume: 1.3 million times that of earth 
· Mass: 300 000 times that of earth. The sun contains 
99.8% of the solar systems mass 
· Age: 4.6 billion years old, older than earth by a bit 
· Roatiaion period: mass transferred to middle giving oblate shape (an equatorial diameter greater than that between the pole fo radition)  o Suns equator: 25 days o Suns poles: 35 days 
· Temp: interior  15,000,000 K; surface  5800 K o Kelvin’s xero is the point where all motion within atom ceases (0 K = -273 C) o You can calculate K from Celsius by adding 273  
 
Distance Measurements inside the Solar System 
· Earth  sun = 150 million km ( 8 light tminutes) 
· One astronomical unit (1AU) – the mean average distance between the sun and earth. That puts Mars at 1.5 AU from the sun, Pluto at 39.5 AU  it is easier than km.  
 
Chemical Composition Spectroscopy  
· Indirect approach; the measurement/analysis of energy spectra to determine composition.  
· Device is called spectrometer or spectrograph, which records the spectrum of light emitting/absorbed by material.  
· Particular elements emit unique wavelengths of energy 
· [image: ]Spectroscope splits up light; a beam of sun is made up of a mix of colours, an a glass prism will bed/refrct the colours unequally, such that short wavelenths (blue/purple) are most refracted and logn wavelengths (orange/red) are least refracted.  
· In 1812, Wollaston passed sun through a prism and got a true solar spectrum (red, orange, yellow, green, blue, violet). Dark lines crossed it and eventually it was discovered  that they were characterisitcs of elements (Fraunhofer Lines) 
· The most plentiful element is hyrpgen (71%) (note: the amount of H in the universe outweighs all of the other elements cobines). All in gaseous form 
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The Genesis Experiment 
· Being able to get a physical sample of particles from the sun, through the solar wind, would resemble the OG dust, gas and ice from which the Solar System evolved.  
· Genesis set out to capture particles to better understand the connection between the solar wind and the evolution of the system 
· Launched in Aug 2001 from Cape Canaveral, Florida and travelled to where gravity is balanced between earth and sun. it collected particles for more than 2 years 
· It collected them thourhg tiles/foils of material (gold, sapphire, diamond) and a computer decided which sample array would work best. This was the first time any object farther than the moon was retrived to earth. ‘the charge atoms captured 884 days were no bigger than a few grains of salt 
· The capsules parachute failed to open and the capsule slammed onto the dessert floor, and the sensors to release the parachute were installed upside down lol.  
· Some of the capsules remained in tact with only dirt getting on the outside.  
· The isotopic compositions of oxygen and nitrogen implanted in the wafers were v different to those in most of the solar system – this was unexpected because the sun is expected to have the same composition as the solar nebula 
· There is no answer yet but maybe the materials in the farthest places have a composition that balances out the inner solar system planetary compositions to match the genesis compositions.  
 
The Sun in Action 
· The photosphere is in a constant state of turmoil 
· The chromosphere have prominences – arc of gas that begin on the bright surface and soar to as much as 10 000 km into corona  
· Flares – short lived gas eruptions that last for no more than 20 minutes usually  
 
Magnetic Fields 
· Earths strong magnetic field is produced by an interaction between an inner solid metal core inside a liquid metal layer  
· The sun has a magnetic field that has something to do with the interaction of the unique properties of matter in the different layers inside the sun  
· [image: ]Express as giant bar magnets: north at one end, south at the other and a field surrounding them that we express as lines of different strength/orientation  
· The poles can switch due to instability every 11 years on the sun (q 50 million on earth)  
· The 22 year cycle is called “solar cycle” 
· The last solar max was in 2014, so this cycle will be weak and long.  
· Emerging from the solar max currently. 
· Sunspots appear ‘black’ because they are cooler than the surrounding; theyre still 4000 K or about 1000 degrees cooler.  
· During intense solar flares, corresponding magnetic storms occur on earth o Breakdown of power grids and systems carrying telemetric signals o Visual – ‘northern lights’ o Due to matter being carried into earth's upper atmosphere by the solar wind.  
 
The Solar Wind 
· Composed of charged particles sent from the sun at all times in all direction 
· Made up of plasma (ionized gas made of mixture of electrons an protons) and can escape the suns gravity because of their high kinetic energy (leave sun at 400 km/sec (300-800 is range). 
· During solar flare, the stream is devastating  
· The Telsat 401 communication was ‘killed’ Jan 11 1997 by a solar wind storm.  
· Without a magnetic field, the bombardment of cosmic particle would be so great it would destroy us.  
· Charged particles ALWAYS react with a magnetic field 
· The magnetic field around a body like earth is called the magnetosphere – the reaction protects most of earths surface from solar wind – but not the poles. 
· The solar wind interacts with molecules of gas at the poles of earth which results in emission of light (Aurora Borealis/Australis) 
 
Life and Death of the Sun 
· Energy in the form of heat/light supports all life on earth (photosynthesis) and drives earths climate/weather.  
· The ozone of our atmosphere attenuated UV radiation, btu were losing so much ozone that it could pose problems for skin cancer.  
· At 4.6 billion years along, the sun I halfway through its life cycle (fusion rxns in core fuse H and He yielding energy)  
· The sun has grown 30% brighter than when it was first born and the diameter grew proportionally. In 5 billion years when the H is all used up, it will expand into a red giant, which will bring the radius past the present position of earth 
· Along with this, helium will be primary fuel and is fuses to carbon and oxygen – when He is done, it is replaced by carbon, which requires an internal temp of 600 million K which def wont happen to the sun. it will blow off outer envelope, leaving its core to cool and become a white dwarf and eventually a black dwarf.  
The Terrestrial Planets 
· Divison of planets isn’t based on mass, size, or any property other than density.  
· Mercury, Venus, Earth and Mars  
· Close to sun (therefore not an ice planet), rocky bodies
[image: ] 
· Composition of the rocky surface: silicone, oxygen, aluminum, magnesium, sulfur, and iron, and basalt (rock type, igneous rock which is the primary product of volcanic lava,, fine grained, dark grey-black)  
· The closer the planet is to the sun, the more often asteroids and comets will bombard it.  
· Mercury is highly cratered due to asteroids/comets 
· Venus and earth are same size/density BUT Venus is volcanically active (lava has filled the craters)  
· Earth is active but geological processes that keep reworking the surface  
· Earths satellite = the moon; dead geologically so it is very cratered.  
· Mars had a period of reworking itself but it is now geologically quiet; craters are recent. 
When Two Planets Collide 
· Mercury/Venus – no satellite 
· Mars – two (small and misshapen) 
· Earth – one (moon-unusual compared to others) o Moon is relatively large to the earth 
· Abnormally low density for an object associated with a terrestrial planet o Core amounts to 2-3% of total mass, compared to 30% of earths core o High angular momentum  
· Hypothesis: 
1. Moon broke off from a rapidly spinning earth; fission hypothesis 
2. Earth and moon formed contemporaneously from same material; condensation  
3. Moon formed as an independent planetary body that was later captured by earth; capture hypo 
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· The Apollo mission was to answer these hypotheses; instruments were set up through which its interior zonation was determined. Results were not as expected 
 
The Fissure Hypothesis 
· Proposed 100 years ago by George Darwin (father = Charles Darwin)  
· Earth spun so fast that in its formation, a bulge developed and a chunk broke off into orbit; this would require earth rotated one every 2.5 hours rather than 24 hours tho… 
 
The Condensation Hypothesis (Contemporaneous Formation Hypo) 
· Both bodies formed at same time from same parent cloud  
· First evidence would be chemical – they must both have same composition…but they don’t. The moon has a tiny metallic core compared with earth  
· Second, would be to find the moon orbits earth exactly on an equatorial plane..it doesn’t. 
 
The Capture Hypothesis 
· first, probability for exact gravitational/dynamic conditions needed for an object this big to fall into orbit is unlikely.  
· Second, chemical (oxygen isotopes) were so similar between earth and moon that there had to be some type of ‘genetic’ relationship  
· Any attempt to model a capture via computer failed miserably; so rejected.  
 
The Giant Impact Hypothesis  
· 1976/77, it was propped that a plent that was somewhat smaller than eatth (hypothetical planet = Theia) in an unstable orbit about the sun gave Eath a blow about 4.5 billion years ago o kinetic energy: energy a body has by virtue of its motion; increases with velocity (ex. Asteroid 10km wide travelling 15-20Km/S hitting earth would generate heat hotten than the sun surface) 
· even a glancing blow would create intense amounts of kinetic energy that both the impactor or earth would melt instantly. 
· The collision was mild and in fact, 2 collisions resulting from a glancing blow from a Mars-sized planet. The general sequence of events thaw a accepted: 
· Collisions and melting of both bodies 
· Blow gave increased angular momentum o earth (ie. Increased spin rate) o Metal core of impactor separated and dropped into earth, giving earth a large metal core and high density 
· Molent mantle of both bodies mixed and formed debri in space above earth o Most of it collected together to form the moon  
· Challenge to this model? How the moon and earth have such similar compositions rather than retaining compostion of its original, Theia. Constraints emerged: 
· Tungsten (W) isotopes tell us moon was born 30 million years after solar system which is a long time after a moon-sized body would have formed by accretion 
· Oldest moon rocks were formed when a ‘magma ocean’ cooled; therefore it must have started with enough energy to be largely melted 
· The isotopes of O2 in lunar samples have almost exactly same proportions as earth rocks (nothing else in system has this, so theia and earth mixed very well) 
· Combining the 3 constraints with the ones we already had (low density and high angular momentum), it still seems an impact event is required 
· November 2012, two papers released with quite opposite views o Paper one: simulations of a much larger impact (with low-velocity) that were thought possible; in this kind of impact, the only way to match for earth and moon compositions is to make Theia as massive as earth (which would take 26 hours). One body forms after the collision with a halo of debris that would result in the moon 
o Paper two: a high velocity (20 km/s at 17 degree angle) impact of a much smaller body; in order to have enough material for the moon, earth has to be spinning v fast (a day = 2.3 hours). Moon cloud would be ready after 24 hours of mixing. This model combines fission hypothesis and giant impact hypothesis. There is a mechanism for slowing down the rapid spinning of earth (the tidal interaction with the sun) so that its not incompatible with a modern-day speed.  
· Random idea: earth has 2 moons? 

Earth 
1.0 Introduction 
· No other planet is solar system that could support Earth-type life (the only life we know) except under artificial circumstance 
· Distance to sun: 1.0 Astronomical unit (150 million Km) (third planet away) 
· 5th largest planet 
· Densest Major body in system (5.5g/cm3); water has density of 1.0 and iron is 7.9 
· First planet out from the sun to have a natural satellite (moon)  
· Plane of orbit (ecliptic) is 7 degrees from suns equatorial plane (ex. Pluto is 17) 
· Orbital path is circular; the tilt of the axis is responsible for seasons (23 degrees from vertical now; called angle of obliquity or tilt angle) 
· When earth rotates, its axis moves making a cone-like pattern – this is called procession. Because of this, celestial poles change positions; at time Egyptian pyramids were made, the north pole star was Thuban in constellation of Draco; today we have Polaris in Ursa Minor and 12 000 years from now it will be Vega in Lyra 
· Earth has strong magnetic field generated by electrical currents in the iron-rich core. The liquid metal of the outer core interacts with solid of inner core producing the field.  
· Of the terrestrial planets, earths field is uniquely strong, where Mercury and Mars is v weak and Venus doesn’t have one.  
· Atmosphere= 78% nitrogen and 21% oxygen and other 1% are many elements (argon, CO2, H2O, krypton and xenon) 
 
2.0 Earth’s Earliest History 
· Accretion: growth by accumulation of smaller bodies, dust and gas (first 20 million years) 
· The first large object would attract others by gravity and as it grew, this became faster. It would develop into a protoplanets and then a planet.  
· Recall: kinetic energy; 2 bodies impacting each other create heat – this happens no matter the size of the impactors.  
· As earth grew by accretion it got very hot (kinetic energy) and it is though the top 500 km of earth was melted during this period.  
2.1 The Iron Catastrophe 
· Earth’s Composition = iron (30%), oxygen, magnesium, silicon, and sulphur (total 
95%); with iron being 30% this tells us it was a major part of earth and the impactors 
· With iron being the heaviest and the top 500 km melted from kinetic energy, it would sink under its own weight; the upheaval of the planet by the iron sinking released more energy and cause the whole planet to melt – this is the iron catastrophe  
· This resulted in most of the iron in the outer layers to form a liquid core (100% metal) 
· As earth grew, the pressure turned this liquid core into solid surrounded by liquid metal  
· With heavy elements being in the middle, the lighter ones (silicon, aluminum and O2) were on the outside surface  
2.2 Impact! 
• Theia comes and BAM! Satellite was born and earth was reshaped. 
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3.0 A Differentiated Earth 
· when earth was molten, there was a general zonation of elements (heavy- light) which is called differentiation. The zones of differentiation are called inner core, outer core, mantle and crust, with oceans and atmospheres sitting on top. All of this was completed 4.4 billion years ago.  
· Lithosphere, asthenosphere, mesosphere, outer core, inner core are the newly accepted terms (before it was core, mantle and crust)  
[image: ] 
· Division on the left is based on physical properties while the right are based on chemistry. 
· From surface – core: pressure and temperature and density increase 
· Lithosphere: 100 km outer earth (crust and upper mantle) is solid, storng rocky layer 
· Asthenosphere: heat softened, weak and slow flowing rock (100-350 km below surface) it is here and lithosphere here mountains, volcanism, earthquake and ocean basins occur.  
· Mesosphere: rock is solid due to confiing pressure byt temp is high that is acts like plastic (ie. It yields, but slowly).  
· Core: outer (liquid) and inner (solid), pure metal and temp is 5000-7000° C, hotter than sun surface.  
 
4.0 Magnets and Magnetism 
· Recall: earth and sun both have internal ‘generator’ of electric currents producing a magnetic field.  
· Earth is a dipole magnet; magnetic filed lines radiate between north and south poles 
· We generate a magnetic field by dynamo; a device that converts physical energy to electrical energy (anywhere this is, theres magnetic field around it).  
· The earths speed is gradually slowing due to Theia collding but the inner solid core spins a bit faster than the rest of earth; this is because its surrounded by liquid and therefore slower to respond to outside forces – the rotation of one metal inside the other is the basis for the Dynamo’s construction.  
· Sometimes due to turbulence in the liquid core, the Dynamo gets confused (ex. Compass pointing south or swinging wildly)  
· Note: the time it takes for the field to reverse is years  
· Earth’s magnetic fields have been what they are now, normal and at other times they are opposite with north becoming south (reverse) 
· If a magnet swings freely on end of string, it will present itself so that its axis points to earths north pole 
· Currently, magnetic north pole is not coincident with the geographic north pole which is usually the case; its been migrating over the Arctic regions and moved from Canadian to international territory, headed for Russia  
5.0 Plate Tectonics 
· Lithosphere divided into plates. They move as a result of what occurs beneath them 
· Therefore plate tectonics; plate boundaries mark regions on interaction/the location of most of the worlds earthquakes and volcanic eruptions (but not all) 
· We live in the North American plate  
· Other terrestrial planets have similar structures but not the same tectonics; we haven’t detected any processes that move other lithospheres on other planets 
· Plate tectonics dictates compositions of minerals and rocks to our atmosphere and hydrosphere 
5.1 The Hypothesis of Continental Drift 
· 1508, Leonardo daVinci recognized the fossils he collected were remains of seashells. 
· He collected them high in mountains of Italy but must once have been on the sea floor 
· Either the world was once covered by the sea or the seafloor must have been locally uplifted, he decided the latter because they weren’t found everywhere across land. He didn’t push the concept though because it wouldn’t pass the church.  
· Charles Darwin recorded evidence of uplift in 1830 on his voyage in the beagle – the coastline of Chile has been raised as a result of an earthquake.in the middle on 19th century, the concept of vertical movement was accepted. Vertical was accepted; horizontal was different.  
· Alfred Wegener was interested in the parallelism of the coastlines on either side of the Atlantic ocean. In 1914, he published a book that suggested the Atlantic ocean didn’t exist and he proposed Pangaea meaning all lands. He wrote that this broke apart and created the Atlantic, calling the process continental drift. He couldn’t offer suggestions about how you could drift across the globe so the idea was abandoned in 1940. 
5.2 The Rock Magnetic Pattern 
· Magnetometers were housed inside water-tight pods and haled behind ships to find sunken german submarines.  
· The patterns detected by the instrument show a pattern of magnetization of earths crust that revived Wegener’s hypothesis and led to its acceptance 
· The study of magnetic properties of rocks is called paleomagnetism (paleo=ancient) 
· Magnetite (iron oxide) can become permanently magnetized; it is a common mineral the volcanic rock called basalt. This is the most common rock on earth and magnetite forms early in the cooling of the magma 
· Above curie point (a temp), atoms are v active but below not much so; iron oxide particles that form magnetite respond to the direction of the regional magnetic field below the temp of 580 degree Celsius (its curie point) 
· Magma spills on ocean floor and as it cools and the temp drops below the Curie Point, all the magnetite grains in rock become permanent magnets which have same polarity as earth’s magnetic field at location of eruption. This rock will carry a record of earth’s magnetic field at the moment it cooled below curie point  
· The pattern of magnetism found by the magnetometers must have been the pattern of the magnetite crystals within the rock – so what was the pattern? 
o Central ridge running north-south down Atlantic, there is a symmetrical pattern of basalt with ‘normal’ and ‘reversed’ polarity. A perpendicular sample was collected which showed the ages plus polarity of bands was the exact mirror image n either side; therefore they determined that the center ridge was the center of spreading plates (which is what Wegener needed to prove his hypothesis years before).  
· Magma (asthenosphere) erupts along the ocean floor rift, forming new basalt rock on either side, carrying evidence of he magnetic pole orientation at their time of eruption 
· Magnetic striping provides a mean of estimating the speed with which the spreading occurs (could be as fast as 17.2 cm/yr; usually only 2-4 cm/yr) 
5.3 Plate Margins 
· If the only process is earths surface spreading, creating new ground, then earth would be expanding. So if we create new surface, we need to destroy equal amounts elsewhere 
· Divergent margins: plates moving apart, aka spreading centers. (ex. mid-Atlantic ridge) 
· Convergent margins: plates move towards each other such that one plate (denser) is subducted (ex. Western edge of South American Continent) 
· Transform margins: two plates slide past with no vertical motion (strike-slip fault, ex. Faults in California especially San Andreas Fault).  
· Volcanic eruptions occur on divergent/convergent boundaries and earthquakes along any of the 3  
 
5.4 Convection and Subduction 
· We know that plates move, but why do they move? 
· Heat is produced in earth through radioactive decay which provides force to move material around through convection. The solid mesosphere can flow like liquid, allowing convection currents to be maintained in mesosphere. Therefore hot material can rise to surface and the plates on top simply ride the convection current.  
· In subduction, a plate can be pulled through asthenosphere and into mesosphere – we know this because lithosphere is cooler than surrounding material, thus seismic waves goes through them at a different rate – this is called Seismic tomography. This all happens at plate boundaries.  
 
5.5 Mantle Plumes 
· Boundaries in earths composition isn’t as sharp as pictures – it’s quite messy with irregular protuberances into the mesosphere  
· Recall: mesosphere is zone that acts as stiff plastic – well it’s not stable nect to liquid metal core. This creates pockets of hot/less dense material which rises through mesosphere and creates a plume of hot material that may rise to the lithosphere (aka mantle plume).  
· This can create volcanoes (ex. Hawaii) or it may pool under lithosphere cause chain volcanoes.  
6.0 Dating Rocks; Earth’s Geological Time Scale • Two different approaches: 
6.1 Relative Age Dating 
· Examining sequence of rocks (ie. Bottom layer is older than top layer) 
· Matching with sequences around the world allow to create the geological time scale. The big block before 545 million years ago is Proterozoic (aka life, but not fossils cause it was soft life). The Phanerozoic is from the Cambrian period until present day with complex life. This section is divided into: Paleozoic (early life), Mesozoic (middle life) and Cenozoic (recent life). 
· At 65.5 million years ago (end-cretaceous) (asteroid killing 70-75% off all species including most dinosaurs) and at 251 million years ago (asteroid?? 96%), some event occurred which killed off portions of life on earth.  
6.2 Absolute Age Dates  
· Minerals (aka rocks) have a clock embedded within them.  
· In 1896 with discovery of radioactivity, we have been able to determine the ages of rock units 
· Radioactivity provides a clock that is sealed when radioactive elements become minerals. To determine the age of most rocks, we need to know: 
· Rate of radioactive decay (half-life) 
· Amount of isotope in the process of breaking down (the parent) o Amount of isotope produced by the breakdown (the daughter) 
· Most common radioactive elements are uranium and thorium. It takes billions of years for the parent 238-U, 235-U and 232-Th to decay and all three decay chains ending with an isotope of lead: 206-Pb, 207=Pb, and 208-Pb.  
· Dating something organic? Use isotope of carbon that’s radioactive (cant be older than 100,000).  
· Earth’s surface is younger than 4.5 billion y/o; it took time to get a stable surface after impact events. The oldest surviving rock is 4 billion y/o. all ocean floors and its hard to find anything that is more than 250 million y/o due to the reworking of the plates. 
 
7.0 Earth’s Atmosphere, Hydrosphere and the Beginning of Life 
7.1 The Ancient Atmosphere 
· What separates earth from other planets? 3 things stand out: 1. The composition of our atmosphere 2. Liquid water on surface (hydrosphere) and 3. Our biosphere 
· The atmospheres composition, pressure and density are r/t the liquid water/plant life on earth’s surface that uses photosynthesis.  
· Oceans provide heat reservoir that stabilizes earth’s climate and keeps temperature for inhabitation.  
· Other planets have atmospheres, but none that nurture a biosphere.  
· Venus/Mars: CO2 is most of their atmosphere where nitrogen is ours. 
· Earth’s atmosphere doesn’t resemble what it used to be (hydrogen and helium). The atmosphere adapted to other changed in earth 
· The primordial atmosphere was similar to the nebula, helium and hydrogen; it then changed 4.5 billion years ago to one like Venus and Mars (96% CO2) and since then, has come to be our current atmosphere.  
· So while the composition was similar between earth, Venus and mars at one point, their pressures were very different (earth = 1 bars; mars = 0.07 bars aka 35 km altitude on earth). Mas is 10% of the mass of earth, so it’s weak gravity was unable to hold its atmosphere so it was lost early which is why its so thin.  
· Venus pressure is 90 bars (1 km deep in the ocean); Venus and earth are same in size and mass so it cant be because of gravity; it is LIQUID WATER. Water on earth dissolves CO2 lessening the amount in the air and thus pressure; CO2 traps heat of planet without escaping into space, so the almost complete removal of CO2 from earths atmosphere meant that the temp on our planet remained lower than Venus (which is why we have water) and made it possible to evolve life.  
· Todays atmosphere were volcanic gasses; principal volcanic gasses are water vapor and CO2 and derived of O2 
 
7.2 Add the Hydrosphere and Biosphere 
· 4.0-4.5 billion years ago, earth was pummeled by comets/asteroids (which each contained small quantities of water). With the earth being hot, it remained as water vapor in the atmosphere but as it cooled, it became rain. This was when the hydrosphere was born (it is a closed system, therefore neither lose nor gain water).  
· The water temperature must have been so high that the primordial ocean was close to boiling and lots of CO2 – despite this environment, microscopic life appeared (in ocean) because it was sheltered from CO2 atmosphere 
· Fossils prove life existed in sea 3.5 billion years ago and chemical evidence it was present as far as 3.8 years ago 
· When the life event occur, the biosphere slowly started to change the atmosphere so that life could leave the sea to land.  
· Biosphere changed atmosphere by: 
· Photosynthesis (combining CO2 and H2O to form organic matter and O2) by adding oxygen to atmosphere 
· Removal of CO2 from atmosphere to form matter and limestone, therefore declining the temp  
· The earth system that responds most sensitively to change is the atmosphere and the biosphere is still evolving 
7.3 The Rise of Oxygen – The Fall of Carbon Dioxide 
· How did the atmosphere composition change so suddenly? It involved the ocean’s life in oceans, weathering and erosion on continents.  
· 71% of earth’s surface is covered in water; it is the only planet with liquid H2O on the surface (liquid ethane/methane on Titan and water beneath surface of Europa) 
· Water is responsible for most of erosion and weathering of continents which is unique to earth (and mars in past) 
· Water can dissolve CO2 thus we can bring the CO2 out of atmosphere and into oceans as rain; but then that would leave mass amounts of CO2 in the ocean  
· If life were to develop in environment containing no free oxygen (anaerobic) it would get energy from fermentation (breakdown of carbs) 
· 3.5 billion y/o fossils are single celled organisms called Prokaryotes; they lived in anaerobic ocean but were able to photosynthesize  
· Paradox: life capable of producing oxygen by photo lived in an O2-free environment 
· O2 is poisonous to anaerobic organisms! So how did they survive the O2 they created? This was possible b/c of the conditions in the water.  
· Back in the old days with the ancient oceans, they were enriched with iron  
· Iron will rust rapidly in open air (oxidize) by absorbing O2 from the air. In the oceans, there was barely any oxygen so the iron existed happily, but then the organisms started to produce oxygen which mixed with the iron, making it insoluble in the ocean, creating a red iron oxide precipitating to ocean floor 
· Deposits are thinly bladed, illustrating life-death cycle of prokaryotes; abundant organisms means lots of )2; but the O2 kills most of the organisms and the cycle repeats which lasted about 2 billion years of being ‘tapped’ in the ocean. Eventually, all the iron was consumed and free oxygen began to appear 
· With no O2, there would be no ozone, no ultraviolet radiation and no blooming of life (remember, ozone interacts with cosmic radiation, protecting us).  
· Eukaryotes bloomed in this environment: used O2 for respiration, grew rapidly in colonies, photosynthetic, contributing large amounts of O2 to the atmosphere, thus rapidly changing the biosphere  
· How about the fall of CO2???? 
· Land rose above sea level (due to volcanic deposits) weathering (acid rain) occurred. Multiple elements ended up in the seawater 
· Calcium was a major component of the acidic “fresh” water, which can combine with CO2 and form calcite (CaCO3) which forms limestone, thus removing CO2 from the water/atmosphere  
· If you released all of the CO2 tied up in CaCO3, the atmosphere would consist again primarily of CO2  
· The small amount of CO2 in the air is NB to maintain temperature via greenhouse effect, which raises he average temp about 35 degrees C about what it would be otherwise. Without it, the oceans would freeze and life would be impossible 
· O2 is a very reactive gas and under normal circumstances, would quickly combine with other elements; the free )2 in our atmosphere is a biological process 
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The Moon 
1.0 Introduction 
· The moon is the only nearby object we can look at and pick out features (resolve features) without help. 
· We know that the moon was created from Theia, and that Earth got most of the iron/metal and the moon is much less dense than earth due to this.  
· Rich in silicon, aluminum, magnesium’s and oxygen  
· ‘solar dance partners’ meaning the gravitational attraction between the two dictates physical properties of heir orbit and rotational motion  
· earth’s influence is much greater than the moon, therefore forcing it to be in the exact same rotational and orbital period: tidal coupling. This results in only ever seeing one side of the moon, the ‘far side’ never comes into view.  
· Earth/moon relationship is constantly changing such that tidal coupling will complete (one face of moon points towards earth and one face of earth points towards moon).  o Earth’s rotation must slow and distance between E & M must increase 
· Sometimes earth has more than one satellite (ex. Sept 2006- June 2007, there was a asteroid called 2006 RH120 which did 4 orbits and then left).  
· We know that earth has a Trojan satellite (an object in orbit but doesn’t collide because of where they are in orbit -called Legrangian Point) 
2.0 The View from Earth 
· 12 people have stood on the moon 
· from earth, we can tell the moon is airless – how do we know? 
· Moon must have a low escape velocity (velocity which you need to escape gravity) allowing gas atoms to escape easily into space 
· Shadows between daylight/darkness means there is no air on the moon to scatter light and soften shadows 
· If it is airless, that means it is soundless as well.  
· The face of the moon that we see is the near side. The light areas are called lunar highlands composed of anorthosite (a rock) and the darker areas are called maria composed of basalt lava 
· The moon has been volcanically dead now for 3 billion years.  
· Both Maria and highlands exhibit craters that come from asteroids; the highlands seem to have more craters than the maria (mare=singular; means seas) 
· There are no mountains – what they are are highlight highly cratered highlands; the highlands are saturated, meaning there is no more room for new ones unless you destroy an old one 
· The maria formed later than the highlands (relative ages) and only have a few cm of loose dust on their surfaces; they cover 17% of the moons surface. They were too fluid to build peaks; there are small domes from lava below the surface and long channels called rilles near the edges of maria. The meteor impacts formed sinuous rille.  
· The far side has barely any maria and many craters 
3.0 Craters to Learn By 
· Meteoroid: sand  100 m 
· Asteroid: 100 m  1000 km  
· If we could estimate the rate of crater production, we could calculate a relative age 
· Current impacts to the moon are rare; objects that are 10s of meters hit the moon every 50 years or so 
· In 1999, we saw the first real-time small meteoroid impact on moon  
· Craters help us understand the moon, mercury, and other planets/satellites  
· Note: the material added to earth in the Bombardment has been calculated to be that of the moon (7.4 x 1022kg) 
3.1 Crater Making 101 
· Due to orbital speed and planetary gravity, impacts occur at 10 + km/s .  
· Smaller meteoroids can be destroyed in atmospheres (like earth) or slowed so they don’t make craters. Note: the moon has no atmosphere though.  
· The kinetic energy of the impact is translated into thermal, acoustic and mechanical energy; the latter distort/ejects the rock making the crater.  
· A shockwave in front of the meteoroid/asteroid compressed the rock and deforms it around the impact site. This shockwave explodes/releases energy below surface, rocks are heaved up and out, bent back and folded back over surrounding rock.  
[image: ] 
· Foe earth impacts, we say the crater will be 15-20 X the size of the impactors – for the moon, it will be larger (like 50 X) because no atmosphere to slow objects.  
3.2 Cratering Curves 
· The graph below is the cumulative crater size frequency distribution 
· We know there are >> small than large impactors so when we look at the surface, we see many small craters, a few mid sized ones and barely and larger ones.  
· When you plot the number of craters and the size, they fall into a straight line  
· As exposure time of surface increases, the number of craters does too.  
· For old surfaces, they reach crater saturation 
· For the moon, we know the craters age from the Apollo mission; the graph allows us to know the exposure time of the surface – from here we build a geographical timescale and discover the cratering rate was higher back in time  
· Coperican period (0-1 B y/o) craters with bright rays 
· Esatostherian Period (1.1-3.15 B y/o)  craters with faint rays/few basalts  
· Imbrian Period (3.16 – 3.64)  flood basalts, Orientale basin, imbrian basin  
· Nectarian Period (3.65-3.92)  nectairs basin  
· Pre-nectarian period  (4 +) basins, intense bombardment, formation of moon 
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4.0 Lunar Exploration 
· July 20, 2969 – Neil Armstrong was first human to walk the moon; Apollo 11 (the Eagle; President John F. Kennedy). This exploration brought back high-resolution imaging, samples, topographic, seismic, and gravity data and environment data.  
· The Soviet Luna in 1959 was the first spacecraft to reach moon and automatic interplanetary stations launched.  
· On Jan 2, 1959 after reaching escape velocity, Luna 1 separated its third stage; Jan 3 from 113, 000 km from earth, 1 kg of sodium was released. This created an orange cloud visible over the Indian ocean with a sixth-mag star allowing astronomers to track spacecraft.  
· Luna 1 passed within 5995 km of moons surface on jan 4 after 34 hours of flight. It went into orbit around the sun between earth and mars.  
· Others firsts: 
· First successful SUA mission: Pioneer 4 within months of Luna 1. Passed too far from moons surface to activate photography; it went into orbit 
· Successes with Ranger series (3,4,6,7,8,9) which took photos and readings before crashing into lunar surface (planned).  
· USSR: Luna 9 in 1966 was first to soft-land on another planet after landing in ocean of storms onfeb 3 1966.  
· USA made soft landing with Surveyor  
· 1968, USSR sent Zond 5 with organisms (turtles, flies, worms, plants, seeds, bacteria) then brought it back on sept 21 1968 and repeated it with Zond 6.  
· 1968, USA sent Apollo 8 *first manned lunar orbital mission) around the moon; with Apollo 10, they did everything except the landing. The Command Service Module (Charlie Brown) carrying 3 people (Stafford, Young and Cernan) took a 3 day cruise to lunar orbit on may 21 1969. They got as close as 14 km and did 31 rotations. They returned  home may 24th.  
· Apollo 11 was the first mission where humans walked on moon; July 20, 1969, Armstrong and Edwin E Aldrin Jr. landed in Mare Tanquilitatis on the moon and returned home July 24.  
· Funding for Apollo: 20,443,600,000 aka more than 100 billion in todays world.  
5.0 Moon Rocks 
· All rock samples from Apollo were igneous – because every rock on the moon is igneous in origin. Aka. They formed by the cooling of molten rock (magma ocean after impact of theia) 
· 95% of earths outer few Km is igneous rock – not sedimentary which can be misleading because that’s just what our eyes see on the surface  
· no sedimentary rocks were found which makes sense because no water was there 
· very dry; earth rocks contain 1-2% water either as free water or chemical bonds; only the smallest trace of water has been detected with very sensitive instruments.  
· Rocks from maria are dark, dense basalts (iron, manganese, titanium) and can be vesicular (holey from gas bubbles appearing after the magma reaches surface) 
· Absolute age can be found from the radioactive atoms they carry and it ranges from 3.1-
3.8 billion years, meaning they formed after the bombardment  
· Highlands: anorthosite – low density rocks containing calcium, aluminum, and oxygen that would solidify first and float to top of molten. There ages are 4.0-4.5 billion. This is the original low-density crust of the moon where the basalt originated from magma that rose from deep crust/mantle.  
· Breccia’s – made up of early rocks cemented together by heat and pressure (due to impactors). The moon is covered by regolith, a layer of powdered rock/crushed fragments which is 10 m deep n maria but over 100 m deep on highlands. 
· 1% of regolith is meteorite fragments and the rest is moon 
· the micro-meteoroids (smallest) do most damage by their constant sand blasting of the lunar surface 
· summary: dry, old, igneous, shattered 
6.0 Surface Heat Flow 
· rate of heat escaping from planet and rate at which temp increases as we go down interior of the body are NB for judging the interior characteristics that we cant see.  
· On the moon, they measured the heat flow which turned out to be a small fraction of earth’s surface. Its small so it never reached earth’s high temps.  
7.0 Seismic Activity 
· Seismology – the study of vibrations (earthquakes) that move the ground.  
· Geological structure of earth has been revealed by studying the seismic waves 
· The moon is much quietter than earth – 100 million times less. Apollo set up devices to transmit back to earth any seismic activity.  
· The last instrument fell silent in 1977 – there were a few deep quakes and surface quakes form impacts 
· The moons interior is hot and maybe still molten but v small (2-4% of mass)…recall: 
earth’s interior is 30% of its mass 
8.0 Geologic History of the Moon 
· Moon surface is mapped by US probe, clementine helping to see history.  
· Remember: the moon is small, ¼ earth’s diameter, the escape velocity is low, no atmosphere and cooled rapidly – all of which is critical In history 
· Stage 1: 
· Apollo moon rocks show the moon was formed in a molten state; as it cooled, denser materials sank to form a small core and low-density floated to the top to form crust.  
· [image: ]Therefore, moon has core, mantle and crust 
· Average density: 3.30 g/cm3 which is similar to density of lunar rocks, thereby eliminating the chance the moon has a large, massive and dense nickel-iron core. This actually implies the moon is deficient in iron/metals relative to earth.  o No evidence of lunar magnetic field, therefore no core dynamo.  
· The surface solidified 4.6-4.1 billion years ago.  
· Stage 2: 
· Period of cratering; intense during late heavy bombardment at the end of planet building  
· Crust was shattered 10 km or so; craters were 100s of km wide (Mare Orientale) 
· Stage 3 o Intense cratering led to lava flooding; radioactive decay heated material in deep crust and molten rock followed the impact cracks up to surface to flood giant basins with successive basalt flows 3.8-3.2 B y/ago.  
· Lava flows formed maria; Mare Imbrium is a dramatic example of how great basins became maria.  
· 4 billion y/a, asteroid size of Rhode Island struck moon and the ejecta covered 
16% of moons surface. Lava eventually filled the basin  o the opposite side of the moon shook up/down as much as 10 m; this place is called jumbled terrain  
· the largest impact basin in the solar system is the south-pole Aitken Basin on the moon which is 2500 km in diameter and 13 km deep; flooding has never filled it.  
· note: crust is thinner on near side due to tidal effects; magma was never able to protrude the far-side thicker crust.  
· Stage 4 o Final period of slow evolution – without water or air, processes are very slow.  o Surface changes are produced by bombardment; in a billion years, impacts will only have formed a few more craters and will basically be unchanged.  
o Micrometeoroids will have erased footprints and instruments.  
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Mercury: A Sun-Scorched Rock 
1.0 Introduction 
· Named after Roman God is the first ‘rock from sun’ and has no natural satellites and is small. It stays in the same region as the sun (making it hard to see from earth).  
· It is always at least 80 million km away – we have only seen smudges of the surface with the most powerful instruments 
· Mariner 10 – first spacecraft to make close approach which is where all our info has come from – the 3 passes the Mariner 10 made in 74/75 before communication failed. 
· The MESSENGER mission is where all our data has come from since 2004 – it took 7 years to reach its destination. There was a fear it would be pulled into sun’s gravity or fried from solar radiation  o Objective: surface material composition, investigate reflective material at poles, analyze magnetic fields and determine if there is a liquid outer core.  
· It successfully entered orbit around mercury on march 18, 2011 and collected data for 4 years 
· It mapped the entire surface and orbited 4104 times until it ran out of fuel and crashed into surface April 30, 2015.  
· Looks similar to moon (both rotation has been altered by tidal attraction and surface is cratered which are covered in lava, small, airless and inactive surfaces).  
2.0 Planet Facts  
· Diameter: 4878 km (this is roughly about one and one-half that of Moon) 
· Density: 5.4 grams per cubic centimetre, or g/cc (Earth is 5.5 g/cc) 
· Mean surface temperature: 350°C day; -170°C night 
· Rotation period: 58.65 days (compared to 24 hours for Earth) 
· Orbital period: 88 days (compared to 365 days for Earth) 
· Orbital speed: 47.87 km/s (that would be 172,332 km/h – which is really moving!) 
· Orbital eccentricity: most eccentric of all terrestrial planets 
· Orbital inclination: 7 degrees to the plane of Earth's orbit (the ecliptic) 
· Axial tilt: almost too small to measure 
· Magnetic field: present (at about 1.1% the strength of Earth's field) 
2.1 Orbital Chaos 
· 1880 – discovered it was tidally coupled to the sun, just as the moon is to the earth (resonance). He thought that just as the moon keeps one face towards earth, Mercury kept one side facinf the Sun – this is wrong.  
· Mercury is most eccentric of all planets for its orbital pattern – the tidal relationship imposed a 3:2 spin-orbit effect on the planet (meaning the planet rotates 3 times for every 2 revolutions around the sun). so after 1 orbit, mercury has rotated 1.5 times. 
· Recall: one full year = 1 orbit around sun 
· One ful solar day = the time between full sunlight illuminations of the same hemisphere.  
· That makes a Mercury year 88 earth days and a solar day 176 earth days. One full mercury day is two mercury years long – due to its eccentric orbit and tidal coupling, so it takes 2 full rotations to come back to same hemisphere being lit up by sun  
· The sun rises in the east, stays above for a while, then proceeds.  
3.0 Mercury’s Surface  
3.1 Surface Temperature 
· At perihelion (point in orbit closest to sun), Mercury is 46 million km away from the sun, but at aphelion it is 70 million km away 
· That orbit, the long days and because its too small to keep an atmosphere means the temps on mercury are most extreme in the system (+427 C  -173C)  
3.2 Atmosphere 
· Has a very thin one composed of atoms blasted off its surface by solar wind; they quickly escape into space – it is constantly being replenished 
· Hydrogen, helium and oxygen as well as sodium, potassium, calcium, and magnesium  
· The spare atmosphere is called an exosphere; as solar wind blows the atmosphere away from the sun, it creates vaporized material stretching away from the outer side of Mercury (tail of a comet, it could be seen as orange due to sodium) 
3.3 Craters and Plains, Cliffs and Hallows  
· Unlike moon, mercury has cliffs that are 100 km long and thought to be faults. Volcanic deposits covers 40% of the surface, some as a result of explosive eruptions 
· The largest basin is the caloris basin which is multi-ringed 1300 km in diameter with mountain rings 3 km high. The impact of this threw ejecta 600-800 km across the planet and create lineated terrain on the far side.  
· Caloris is partially filled with lava (both material and lava below), which produced central lava plains due to the weight. 
· Caloris is the same kind of structure as the Imbrium basin on the moon, just not as deeply flooded.  
· The biggest difference  mercury lacks dark lava plains which are so obvious on the moon. 
· Inter-crater plains are less heavily cratered areas on mercury (between big craters). It is marked by craters less than 15 km in diameter and secondary craters reduced by chunks of ejecta from larger impacts. These plains were produced by lava flows that partially buried older terrain.  
· Smaller regions called smooth plains are even younger than inter-crater plains; they have fewer craters and have ancient lava flows; the caloris basin is surrounded by these smooth plains and they formed soon after the Caloris impact.  
· Plains of mercury are solidified lava flows, (similar to maria on moon). Unlike maria, mercury’s lava plains aren’t darker than the rest 
· Mercury doesn’t reflect as much light of the moon and mercury’s surface is gray.  
· Albedo describes the proportion of light that gets reflected by a planetary body (so mercury has a low albedo; 0.1 or 10% of incoming light is reflected). This could be due to a dusting of carbon from impacts 
· No evidence of plate tectonics despite escarpments (100’s km in length and 3 km high); some cut through craters in a way to indicate they’re formed by compression.  
· Faults were likely caused by shrinkage: mercury cooled (diameter decreased by 10 km) 
· Has hollows (pits on surface) formed by material beneath surface that was vaporized. This requires high volatile elements in crust; they are recent. 
4.0 The Interior of Mercury 
· You would think mercury would be less dense since its smaller BUT its denser than every planet except earth.  
· With mercury’s surface looking like normal rock, its assumed all the heavy materials sunk down 
· In 2012, the MESSENGER told us that the iron core was much bigger than thought and that a solid shell of iron and sulphur surrounds it. The core accounts for 75-85% of the total mass 
· It is hallway between he size of earth and the moon; so it should have lost internal heat long ago – but Mariner 10 found magnetic field around Mercury about 0.5-1% the strength of Earth’s. 
· This suggests that part of the core Is molten; if it was all molten it would be very strong. In march 2012, MESSENGER found tilted craters on surface suggesting it remained geologically active after its formation.  
· Why is Mercury’s core such a high % of the planet?  
o Hypothesis involving giant impact when Mercury was young – if it had differentiated and then struck, the impact could have shattered the crust and mantle and blasting low-density stuff into space. The denser core would have remained and reformed and attach to some low-density debris to form a thin crust. o But the high concentration of sulphur found on mercury argues this hypothesis  o The mantle/crust is approx. 600 km deep.  
5.0 History of Mercury 
· Even with the data from MESSENGER, we have little information to recall history  
· Stage 1 o Formed in the innermost part of nebula and a giant impact may have robbed it of low-density rock and left a dense, metallic world.  
· Stage 2 o Heavy catering debris (around the same time as the moon – during the heavy bombardment period 4 billion years ago). this subsided as the planets swept up the last debris from planet building. 
· Mercury has a stronger gravity, so the ejecta was thrown about 65% of that of the moon, so it doesn’t cover the whole surface like the moon. 
· Inter-crater plains formed when lava flows occurred during bombardment, burying the older surface and then accumulated more craters 
· Near the end of the cratering, a planetesimals over 100 km in diameter smashed into planet and blasted out the Caloris Basin – only parts have been flooded by flow 
· As cratering rapidly declined, the interior contracted and the crust broke for form curved scarps.  
· Stage 3 o Flooding – lava filling lowlands. Caloris may have fractured the crust and triggered more outpourings of lava; this formed the smooth plains.  
o The flooding ended quickly (shrinkage of planet squeezed off lava channels to surface) 
· Stage 4 o Micrometeorites grind surface to dust. Large meteorites leave bright-rayed craters 
· The slow intense cycle of heat/cold weakens the rock at the surface. The crust is now thick and although its core is molten, the heat flowing out is unable to drive plate tectonics that would erase the craters and build folded mountain ranges.  
· Mercury is now inactive; impact cratering, internal heat, and giant impacts leave their marks. To find planets that have heat flowing outward form interior, we must look at larger planets.  
 
6.0 Surface Composition 
· The surface of mercury has much more sulphur than other planets (10X as much as earth) 
· rocks are high in magnesium (igneous rocks erupted at high temp), pyroxene, feldspar, sulfide minerals  
6.1 A controversy Resolved: Ice on the Planet Next-door to Sun? 
· You would think mercury being closest to the sun, reaching 427 degrees,  there wouldn’t be ice.  
· Sitting in the constant shadows of high-walled craters and north and south poles (sunlight never hits) is something that’s highly reflective: water ice (it is radar reflective) 
· MESSENGER measured high levels of hydrogen at mercury’s north pole that suggested it was water ice 10-30 cm thick.  
· Ice is allowed to exist because the rotational axis is less than 1degree from the ecliptic (orbital plane), meaning there are areas that are never exposed to sunlight – they can have temps as low as -150  
7.0 Future Missions 
· Next mission to target mercury is the Japanese-European BepiColumbo mission, launching in 2017 for a 2024 arrival.  
· Giuseppe Colombo was the Italian math guy who figured out the reason for mercury’s weird 3:2 spin (section 2.1) 
· MESSENGER = MErcury Surface Space ENvironment GEochemistry and Ranging  
o Top 10 science results: volatile rich planet, polar deposits, offset magnetic fields, hallows, volcanic deposits, global contraction, seasonal exosphere, dynamic magnetosphere, energetic electrons, field-aligned currents.  
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1.0 Introduction 
· Named after Roman Goddess of love and beauty  
· Called the evening star or morning star (see it 3 hours after sunset and before sunrise) 
· It is brighter than anything in the sky except the moon 
· Through a telescope, we are looking at the top layer of cloud that never clears, not the surface; before “space age”, we knew little about Venus  
· About same size as earth; 0.95 times the diameter with similar density, it is called Earth’s twin; people say it was a steamy swamp inhabited by strange creatures  
· We have peered below the cloud using radar, 23 spacecraft have orbited Venus and over a dozen have landed 
· Surface is drier than any desert and 2X hotter than a kitchen stove  
· USA and USSR fought to get their first but obviously Soviet Union won – they have 15 trips with 10 landings before they became Russia. Venera 9,10,13,14 all got images of the surface which is amazing seeing as it is 450 C and 1250 psi of pressure. 
· USA’s best attempt was Magellan which was the first probe to be launched from a shuttle back in 1989; it looped the sun 1 ½ times to decelerate and spend the next 4 years in orbit before landing in 1994 
· Venus Express (Europe) was launched in 2005 and collected data causing us to readjust the theories we created – it ended its mission in Dec 2014 after running out of fuel. It observed young lava flows, meaning Venus may be geologically active today.  
2.0 Planet Facts 
· Diameter: 12, 104 Km 
· Density: 5.24 g/cc 
· Surface Temp: 462°C 
· Rotation period: 243.01 Earth days (apparent retrograde) 
· Rotational speed: 6.52 km/h (you could easily run faster!) 
· Orbital period: 224.68 days (so 1 day is longer than 1 year!) 
· Orbital speed: 35 km/s 
· Orbital eccentricity: 0.0068 (most nearly circular of all the planets) 
· Orbital inclination: 3.23° to Earth ecliptic 
· Axial tilt: 177.36° (zero or 180 would be vertical) 
· Satellites: none 
2.1 Orbit and Rotation 
· Distance to sun = 108 million Km (0.72 AU) 
· It’s orbit takes 225 days 
· It revolves around sun in elliptical orbit that is most circular of all planets 
· Orbital path lies almost the same as earths, differing by less than 3.5 degrees which is why it is so close to the horizon in the morning and evening.  
· Planets rotate counter-clockwise from north pole – venus, Uranus, and pluto don’t. this is referred to retrograde motion very slowly; it does one rotation every 243 earth days (east to west where earth is west to east) (maybe due to a large impact?) 
· On venus, the sun rises in the west and sets in the east  
· So it takes 43 earth days to rotate once and 225 days to revolve around the sun – this gives a Venusian day of 117 earth days 
· The slow rotation of the surface contrasts with the fast rotation of the clouds (once every 4 days) 
· The axis of rotation is perpendicular to orbital plane at 177 degrees.  
· Combined rotation and revolution produce the fact that Venus is always on the same side when it faces us – could be due to gravity 
3.0 Atmosphere and greenhouse 
· Clouds are primarily liquid/solid sulfur and sulfuric acid, which we learned by Venus Express. 
· Thick atmosphere composed of: Carbon dioxide (96.5%), nitrogen (3.5%), 0.1-0.4 water vapor, 130 ppm sulfur dioxide, 60 ppm oxygen (this means Venus once had water but lost it) 
· 100 ppm = 0.01% 
· Earth = 0.03% CO2 in atmosphere although a far greater amount is found in rocks and oceans (=to Venusian atmosphere) 
· Pressure is 90 X greater that earth’s surface (1 km below sea) 
· Large volumes of the atmosphere are escaping into space meaning its unstable. Electrons form sun collides with particles in Venus’ atmosphere, which energizes them and blasts them off. We don’t know the replacement process yet 
· Greenhouse effect is fearsome  CO2 is transparent to incoming light energy but opaque to outgoing infrared energy.  
· Any greenhouse effect begins with incoming short wavelength light energy from sun warming the surface, but ends with a near surface growth of heat because of the inability of the long wavelength infrared to escape a CO2 rich atmosphere   
· Wavelengths of radiated energy that CO2 does allow to escape back into space from a planet surface are exactly blocked by water and sulphur dioxide; although there’s not a huge amount of either in the Venus atmosphere, it’s quite enough to strengthen the greenhouse effect very, very substantially. The end result is that Venus has a fairly uniform surface temperature of about 462 °C  
· Venus was always warmer than earth because its closer to the sun, but it was cooler in the past than what it is now 
· On earth, the CO2 in our atmosphere came from volcanic emissions – the same for Venus. It would take a while for the greenhouse atmosphere to build full strength. We know it was cooler because there’s evidence of liquid water on early Venus o How much water? When UV radiation hits a water molecule, it breaks into hydrogen and OH (hydrogen has 2 stable isotopes, normal and heavy). The gravity of earth and Venus allow hydrogen to escape, with normal being easier to 
· In 1978, there was 150 times more deuterium atom (heavy)/normal atom in Venus than in earth and also found OH (which only earth has). This means that Venus once had liquid water, which broke down to chemical form due to heat.  
· Evidence suggests it had enough water to make a planet wide ocean 25 m deep 
(earth could make one planet ocean 3000 m deep) o Without ozone to protect atmosphere from UV, the water broke up and most of the light hydrogen was lost and the released oxygen formed oxides in soil. Venus is now a dry would with only enough water to make an ocean 0.3 m deep 
· Without water, we cant cleanse atmosphere of CO2. The high temps baked even more 
CO2 and atmosphere became less transparent to infrared, making the temp rise higher.  
· This runaway greenhouse effect has made surface so hot that sulfur, chlorine, fluorine have been baked out of rock and formed sulfuric, hydrochloric and hydrofluoric acid vapor (earth didn’t do this cause its farther from the sun) 
· Remember: if all CO2 from rocks/oceans was put back into atmosphere, we would suffer the same GHE of Venus.  
· Clouds prevent sunlight from reaching surface so the Soviet Venera spacecraft had searchlights to illuminate surface but didn’t need it.  
· Winds are gentle at 13 km/h and faster winds are present higher up (as expected with the 4 day rotation of high clouds and 243-day rotation of surface) 
· Something unexpected: atmospheric circulation is not broken into cyclonic storms over most of the planet, but is organized as a single, planet wide wind pattern, but not the poles.  
4.0 Geology 
4.1 The surface of Venus: Impact Craters  
· Relatively few impact craters and few small impact craters – they’re all med – large; this is due to dense atmosphere; the small objects burn up through friction  
· With the few craters that we do see on Venus (and they’re young as they are rarely filled with lava meaning they formed AFTER a volcanic event) which suggests Venus is young.  
· The analysis shows that the surface is 500 million years old but w e know the planet is the same age as earth (4.5 billion) so there would have been global resurfacing 500 million years ago (maybe a planet-wide volcanic eruption) 
4.2 The surface of Venus: Volcanic Features 
· Surface has clusters of small volcanic domes sitting on level lava fields, immense volcanoes, immense ridges and valleys bounded by faults.  
· The surface is dominated by volcanic features 
· Coronae are features that surround domes and formed by mantle plumes that bring magma up under crust and partially subsides.  
· Caldera: deep volcanic crater due to coronae blowing its top.  
· there are hundreds of thousands volcanoes with diameters less than 20 km that are pancake volcanoes which are formed through viscous (thick) magma and then flattened by high atmospheric pressure. A group of them is in an area called shield fields.  
4.3 The Surface of Venus: A Global Volcanic Event  
· Key to geology is heat.  
· Radioactive heat keeps earth hot inside, and plate tectonics allows heat to escape from the mantle.  
· Venus doesn’t have plate tectonics so it collects heat/pressure and ‘boils over’ into eruptions that may resurface (basaltic lava) the whole planet, which is why the surface looks young, and erupt for thousands of years 
4.4 The Surface of Venus: Weathering/Erosion Features 
· Magellan recorded many features of the surface including knife-sharp mountains/cliffs that show no evidence of erosion.  
· Rocks might be stronger because they dont have water which could resist weathering because even the tiniest bit of water weakens it so it must be 100% dry 
· There is visual evidence of breakdown though of surface rock; since it has no water, erosion can only be done by wind, but they only have winds of 3.5m/s which cant erode. But visual evidence doesn’t support the USSR’s finding (impact crater blew debris and it all went to one side meaning there was a preferential wind and then there’s an image of volcano and you see debris behind it, but volcano blocks it) 
5.0 The Interior of Venus 
· Density of Venus suggests that interior is a mix of rock and metal, similar to earth.  
· Volcanism says that interior is hot, maybe on par with earth.  
· But we don’t know if Venus has an asthenosphere beneath the crust or if it has solid metal inner core surrounded by a liquid metal core  
· Recall: earth’s magnetic field is generated by the speed differential between an inner solid metal core and outer liquid metal core. So if Venus doesn’t have this, there should be no field (it needs both speed difference AND solid/liquid) 
· BUT the Venus Express detected a weak magnetic field, but it doesn’t come from the interior of the planet; the solar wind and atoms/molecules of upper atmosphere creates weak magnetosphere that drapes itself over the planet and stretches out behind the night side in a long tail.  
6.0 A History of Venus: Summary  
· Earth, moon and Mercury passed through the same 4 stages of history  o Differentiation  (separation of material according to density)  o Cratering (violent impacts) o Flooding (lava) o Slow surface evolution  
· Venus’s density and size tell us it must have a dense interior like earth, but if the core is molten, we might expect the dynamo effect to generate magnetic field – but none exists.  
· Some people think the core is solid but this seems improbable since there was global volcanic activity 500 million years ago.  
· Venus and earth have out-gassed the same amount of CO2, so the main difference is lack of water. Being close to the sun, the CO2 in atmosphere created the GHE making it even warmer – this could have dried any existing water thereby decreasing absorption of CO2. So as more CO2 was out-gassed (where as earth turned it into limestone), the GHE grew more severe, trapping Venus in a runaway greenhouse effect.  
· 70% of heat from earth’s interior flows outward the ocean spreading, but venus lacks tensional crustal rifts and its volcanoes cant carry much heat out of interior – it gets rid of heat through hot magma that rise beneath rust.  
· Crust is dry and 12% less dense than earth’s, so low-density crust is more buoyant than earths and thus resists being pushed into the interior. The crust is so hot, that it is not very stiff so it cant form rigid plates like we have on earth.  
· There is evidence of convection currents below the crust are deforming the crust to create coronae and push up mountains such as Maxwell. They can be held up by rising currents of magma 
•  
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1.0 Introduction 
· Special interest b/c there was thought that life was there. 100 years ago, there was a contest put on my France (Guzman) for the first person who found life on another world – mars was excluded because it was thought ‘too easy’.  
· Maps of mars were created in 1860 produced by G.V Schiaperelli; he drew artificial lines across the desert regions calling them canali (aka channels) – someone thought this meant canals, creating the implication of waterways.  
· Most people couldn’t see the canals but they sill drew them in there, not wanting to admit they couldn’t see them.  
· Percival Lowell built an observatory at Flagstaff, Arizona to study Mars. He suggested that the canals were really a planet-wide irrigation system built by the locals to pump water form ice caps at the poles.  
· By 1907, everyone was convinced life on Mars existed that the Wall Street Journal promoted it.  
· Bright clouds/flashed of light on mars strengthened the belief and people wanted to draw diagrams in the Sahara to tell the Martians that we were here – they were older and wiser.  
· 1912 – Edgar Rice Burroughs wrote 11 novels about the adventures of John Carter lost on mars. He also created martians green skin.  
· 1938 – so familiar with life on mars that they thought earth had been invaded. Radio announcers would say spaceships had landed in New Jersey and people fled, not realizing that is was dramatizing the War of the Worlds book. 
· The ‘canals’ we know now were tricks of the eye 
· Mars is a smaller brother to earth; it has earth like features (atmosphere with clouds/ice deposits called polar caps) including oceans, rivers, greenhouse and maybe life.  
2.0 Planet Facts 
· Distance from Sun: 1.52 AU 
· Diameter: 6792 km (about 0.53 of Earth) 
· Density: 3.934 g/cc (Earth = 5.515) 
· Surface temperature: -87°C to -5°C 
· Rotational period: 1.026 days 
· Equatorial rotational speed: 868.22 km/h (Earth’s is 1670 km/h) 
· Orbital period: 686.97 days • Orbital speed: 24 km/s 
· Orbital eccentricity: 0.0933 
· Orbital inclination: 1.850° 
· Axial tilt: 25.19° (earth is 23) 
· Satellites: two (Phobos and Deimos) 
 
2.1 Orbit and Rotation 
· Day on mars is 24 hours and 40 minutes; a Martian year lasts 1.88 earth years. The tip of the planet allows seasons (25) 
· The northern/southern hemispheres turn opposite – as spring approaches southern hemi, white polar cap shrinks and greyish surface markings grown darker and greener. 
 
3.0 Missions to Mars 
· 5 spacecraft’s currently orbiting mars:  
· Mars Reconnaissance Orbiter (2005, USA) o Mars Express (3003, European Space Agency) o Mars Odyssey (2001, USA) 
· MAVEN (2013, USA) 
· Mars Orbiter Mission (MOM) aka Mangalyaan (2013, India) 
· There are 5 spacecraft’s in orbit around mars that aren’t functioning, and 12 crashed spacecraft’s from trial ad error by USSR and USA 
· Functioning spacecraft currently on Mars’ surface o Mars Curiosity (2011, USA) o Mars Opportunity (2003, USA) 
· Between may 25/08 and nov 10/08 there was also the stationary Phoenix Mars Lander which was an international effort, and it was built upon info from Viking 1 and 2 and Pathfinder (USA) 
· Spirit and Opportunity were robots who had a 90 day lifespan which they completed in 2004. We determined geology with these 2 bad boys.  
· Spirit is in a sand trap and any attempt to free it dug it deeper in. there has been no communication since March 22, 2010.  
· Opportunity is still chugging along; it is in Endeavour Crater looking for clay minerals (ie. Wet environment); it has travelled 42 km in 11 years.  
3.1 Mars Curiosity 
· this rover was launched by NASA on Nov 26, 2011, and landed on Aeolis Palus crater on August 6, 2012 at Bradbury Landing.  
· Curiosity was designed to be better than anything else (rough terrains, dig deeper and travel further) Objectives are: 
o Investigate whether Mars could/ever had microbial life o Explore presence of water on mars o Explore Martian climate o Explore Martian geology  
· Curiosity is now headed towards Mount Sharp – its gotten composition of atmosphere, chemical analysis of igneous rock, and soil analysis which had large amounts of water from hydrated material and organic molecules.  
· The plan is to ascend the foothills to figure out the climate history of mars 
4.0 Atmosphere and Greenhouse 
· Atmosphere: 96% CO2; 2% Nitrogen; 2% argon and contains miniscule traces of water vapor and oxygen.  
· The density on the surface (1% of earth’s) doesn’t provide enough pressure to prevent liquid water from boiling into vapor.  
· Originally, Mars had a ‘primitive’ atmosphere of hydrogen and helium (with argon, neon, ethane and ammonia). With a low escape velocity, this ‘leaked’ and was replaced by secondary atmosphere of volcanically emitted gases  
· Why is Mars so thin and dry (atmosphere) and why is the surface rich in oxides?  
· With mars being father from the sun, you would think it incorporated more volatiles when it formed; its also smaller so it has less internal heat to drive activity so it may not have out-gassed as much. It now releases little gas.  
· The amount of atmosphere depends on how fast it releases internal gas and how rapidly t loses gas from its atmosphere. The rate at which a planet losses depends on mass and temperature.  
· Mars has a mass less than 11% that of earth and its escape velocity is 5km/s (half of earths). Therefore, the gas atoms can escape from it more easily that they escape from earth.  o Over Mars’ life, it lost a lot of lower-mass gas; water molecules are big enough for Mars to keep but UV breaks them up (the ozone layer of earth protect but Mars doesn’t have oxygen-rich atmos so no ozone). With the breakup of the molecule, hydrogen escapes into space and the oxygen forms oxides (iron) in soil that is what makes mars a red planet (iron oxide). So even if a molecule is too big, it can be broken down by UV and escape.  
· In earth, our magnetic field deflects solar wind – solar wind and thick atmos of Venus constantly strips atoms from the top of the atmos, producing weak magnetosphere.  
· Mars doesn’t have a magnetic field and the atmosphere is thin so the solar wind interacts with both the mars atmosphere and the surface  
· We don’t know about the past atmosphere Mars has had, but it had to be sufficient enough to sustain greenhouse such that water was stable on surface.  
4.1 Clouds and Winds 
· Cycle of water condensation, freezing and evaporation is NB for environment 
· Areas in the sun emit water vapor in the air; half an hour after dawn, it freezes to form clouds or fogs of ice crystals/ground fog 
· High clouds form were air gets lifted over elevations. Poleward of latitudes about 65, the cold freezes even the CO2 at about 148 K. This creates a winter polar hood of CO2 clouds and haze hanging over polar regions.  
· Local heating causes winds and is key to summer onset of dust storms (which can be so strong that it envelopes the whole planet; dust devils) 
· The red soil tells us that the oxygen we would prefer to be in the atmosphere is in the soil. 
· Polar caps are r/t atmosphere (both frozen water and CO2 which is dry ice). 
· Martian wind could carry grains 0.3mm and strong winds pick up grains (saltation); we can see dust storms on mars from earth; saltation is NB in erosion as they undercut rock outcrops while old debris whether into iron oxide rust 
· Dune fields (wind sculpted dunes) are on mars and earth; they have a ripple pattern that can be cm – km. the most remarkable wind dunes ar formed inside craters (ex. North polar cap, its bigger than the Sahara and Arabian combined.  
4.2 Water and Ice 
· We've found evidence that there was liquid water, but the current atmospheric pressure is too low to keep it from boiling away to vapor.  
· A lot of water was hidden in the crust. In 2006, the Surveyor captures photos of linear features several hundred meters long which were caused by water/sediment moving down to gullies within the previous few years. OR it is dry material moved down slope but geometry and material argues against it.  
· In Aug 2011, NASA said water commonly flows during summer, water is salty thus liquid to a lower temp than normal water and a bit denser.  
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In 2015, the existence of hydrated salts in recurring deposits (perchlorates, which lower melting point of ice and allow water to flo at temps like -10 … salt on driveway).  
· Deuterium (heavy hydrogen) is high here (same thing as Venus) meaning water was broken down by UV, and light hydrogen flew away leaving heavy hydrogen and oxygen (which formed iron oxide in soil).  
· Water on mars currently: 
o Ice caps at north/south poles (200-1000 m long and 8 m thick) ▪ North  all water ice 
▪ South  CO2 and water ice.  
o Ice as permafrost below surface o Water chemically bound to other elements in minerals and rocks o Water vapor which in winter, forms frost and ice (in craters) 
· Odyssey spacecraft (orbit in 2002) found remains of ancient water; instruments measure water ice in top meter of crust by measuring hydrogen in soil) and its found that water ice makes up big fraction of crust from 60 north and -60 south. We cant tell how far the ice goes but the amount we have found can fill Lake Michigan twice! 
· Meteorites from mars show evidence of water (80 rocks have been found) as they have deposits of water and minerals that are deposited by water. Most of them are basalt (not surprising as it has lava flows) and the magma from which the rocks solidified had to have had 1.8% water. 
· If all lava on mars contained that water and it was all out-gassed, it could create an ocean 20 m deep 
· A huge ocean once covered northern lowlands 2.5-3.5 billion years ago and outflow channels have been carved by rivers (so if water was there, its climate was different) 
· Atmosphere must have been thicker before gas had time to leak, and volcanoes were more active adding them to the atmosphere and increasing GHE 
· Sept 2, 2011, Eberswalde crater (3.7 billion y/o crater, 65 km in diameter which was subsequently filled with water) was a delta.  
5.0 Geology 
5.1 Large-Scale Surface Features 
· Nov 14, 1971, Mariner 9 was the first one to orbit mars – it mapped the whole planet in detail. There were young volcanoes, sand dunes, and dry riverbeds 
· 1976 m Viking 1 and 2 touched down on planet and found no evidence of organic matter.  
· There are no plates on mars (ie. Its one plate) and has the biggest volcanoes in system. 
· The rocks we see are lava plains fractured by impactors; the atmosphere protects surface from micrometeorites (that grinds moon rocks to dust) and dust storms sweep away fine rocks and leave big ones. 
· Mars is divided into 2  southern highlands are heavily cratered so they’re 2-3 billion y/o; northern lowlands are smooth and free of craters that they had to be resurfaced a billion y/a – was it volcanic floods, like Venus? Or was it an ocean? 
· Larger than the moon, so it cooled slowly and volcanism continued longer than the moon; smaller than earth and less geologically active  
Martian volcanoes are shield volcanoes (shield volcano = shape inverted warrior shield, formed by low-viscosity lava) which occur over plumes of rising magma below crust and not related to plates.  
· Largest volcano is system is Olympus Mons – earths largest volcano, Mauna Loa is so heavy it sunk into the crust – but Mons hasn’t which means mars crust is thicker than earths.  
· Other evidence shows that Mars’ crust was once thinner and more active than the moons. Valles Marineris are a network of canyons stretching 4000 km long and 600 km wide. It is 4 X deeper than Grand Canyon and long enough to stretch from TO to Vancouver. It was produced by faults that allowed blocks to sink in.  
· The canyon proves that the crust used to be more active than the Moon or Mercury  
· NB LANDMARK = Thrsis Rise (which includes Valles Marineris) because it is 10 km above the mean elevation.  
o To measure elevation, we would use sea level. On Mars, you use the point where pressure is 6.105 mbar (water, ice and vapor are at equilibrium)  
· Some volcanoes may still be active (within past 3 million years) so it is active but not frequent.  
· Evidence for “supervolcanoes” in Arabia Terra that were active earlier – they may have contributed to material on ridged plains in this region and may have affected climate. 
5.2 Rocks and minerals  
· The Alpha Proton X-Ray Spectrometer on Pathfinder measured composition of 9 rocks – silicon is higher than that of the meteorites that landed on earth. The meteorites were mostly igneous and are all low in silicon and high in iron and magnesium. (formed by melting of upper mantle which rises up and solidifies at surface) 
· The meteorites (ie. Basalts) are most common rock on earth as well and on moon, and based on the plains and mountains that look like volcanism, we expected that to be primary too.  
· The rocks though were not basalts but andesites  magma melts took different crystallization on each planet, but we don’t know where we got the samples so (Scooby doo, yogi and Barnacle Bill) 
· Many rocks aren’t volcanic, but sedimentary which look exactly like the ones on earth. 
· Evaporate Minerals o If mars did have water, there must have been dissolved mineral salts and when the water evaporated, they would have left deposits.  
· Best evidence of water is in soil which is rich in sulfates, a common evaporate. It has about 100 X the sulfur earth does in its rust 
· Evaporate salts, carbonates and sulfates leave a ‘flaky’ layer and they were found on Viking 2 site, and they’re called duricrust, which was 20-50% richer in sulfur than loose dust.  
· Red Iron Oxides o Red beds – red coloured deposits which is produced by arid regions with intermittent supplies of moisture produce red iron oxide minerals. 
· The red is associated with Fe2 and Fe3 state  
Blueberries o Small spherules over soil found by Opportunity which we think was an old ocean floor  
· Turns out they’re iron oxide (hematite) formed into this shape by gently rolling water  
6.0 Interior 
· 1997, Pathfinder and Mars Global Surveyor indicate Mars has an iron core with a radius of 1520 to 1840 (45-54% the radius of planet) with the outer part molten  
· This implies that it is rich in low-density contaminants such as iron sulfide and magnetite.  
· Mars core isn’t solid but a thick, goopy syrup confirming that it hasn’t cooled as much as we thought.  
· Ancient parts of crust are magnetized while younger crust isn’t, implying early dipole magnetic field, but that it shut down in first few hundred Million years.  
· Distribution of magnetized rock isn’t uniform – it is irregular. Maybe t had a dynamo like earth? 
· Surfaces of large volcanoes are sparsely cratered so their ages must lie in the last 10% of time – so internal activity is probably still happening  
· Viking 2 carried the first successful seismometer to mars in 1976 and nothing was detected. It is less active than earth, maybe closer to the moon.  
6.1 Tectonics 
· The western hemisphere is dominated by Tharsis dome and it is surmounted by the huge volcano, Olympus Mons and other shield volcanoes rising over 20 km above mean surface.  
· This could mean that one or more mantle plumes have been active under that region and in the absence of tectonics, the crust was fixed over the plume and the lavas accumulated in one area.  
7.0 A history of Mars 7.1 The Martian Geological Eras 
• There are 3 eras on mars defined by geological processes and divisions defined by crater densities.  
· Noachian Era  thicker atmosphere, high rates of cratering, heat flow, volcanism, fluvial activity, and glacial activity. 4.5 b.y.a – 3.5 b.y.a give or take a few hundred million years 
· Hesperian Era  era of transition from Noachian to Amazonian; last water flows and erosion dated this period (3.5 b.y.a – 3.3 b.y.a) 
· Amazonian Era  modern, dry, dusty, mostly frozen era. This was 3.3 – 2.9 
b.y.a until now. Evidence of active geology has been found (lava flows, water releases) in this era.  
7.2 Developmental History of the Planet 
· Because Mars is so small, its interior cooled and geologic activity didn’t last long. It also lost some of its atmosphere and its surface fell into a deep freeze.  
· 1. Planet differentiated into a core, mantle and crust. No traces of plate tectonics such as folded mountain ranges. It lacks a magnetic field, so its core can’t contain much molten iron. It used to have a magnetic field as demonstrated in random places in the crust, which suggests that it once had a molten iron core.  
2. Cratering – the crust of Mars was battered during heavy bombardment as the last of the debris in the young solar system was swept up. The old southern hemi survives from this age about 4 b.y.a. Largest impacts blasted our great basins.  
· 3.  Flooding – by lava and water. There was once water in the northern hemi lowlands and as gases leaked into space and temp fell, water became trapped in soil as permafrost, becoming a frozen world.  o History depends on climate – mars may have rotated to a steeper angle (45) making the climate warm and keeping more CO2 from freezing. The rise of tharsis bulge could have tipped axis to its present 25 degrees and cooled climate. This could account for the warmer/wetter climate implied by the features. It goes through cycles as rotational inclination fluctuates, causing variations in climate like the ice ages on earth.  
· 4. Crust is now too thick to be active – its lost a lot of internal heat and now lacks a molten core as evidenced by lack of magnetic field.  
· It’s a medium world! 
8.0 Satellites of Mars 
· Natural satellites: Phobos (closest; shaped like flat loaf of bread and is half the size of the moon) and Deimos (12 km in diameter and 3 X farther is only 1/15 the diameter of moon) 
· both are tidally locked to mars, keeping same side of face facing Mars.  
· Phobos actually rotates faster than Mars; it rises in the West and sets in the east. It isn’t stable and in 50 million years, it will crash into Mars 
· Both are small, dark grey with albedos of only 0.06, low density (2 g/cm3). Their properties hit that they are captured asteroids from the belt.  
· But capturing asteroids isn’t as easy as it sounds – it approaches planet along hyperbolic orbit and if it is unimpeded, swings around the planet and disappears into space. To convert the hyperbolic orbit to closed orbit, the planet must slow the asteroid as it passes 
(tidal forces, but they’re rather weak…interactions with other satellites or collisions) 
· They are both heavily cratered (we don’t know when) and cant form spheres because their gravity is too weak to overcome the structural strength of the rock.  
· Phobos has narrow, parallel grooves (150 m wide and 25 m deep) and run from Stickney (the largest crater) to the opposite side.  
· Deimos is smoother because of a thicker layer of dust on surface, which fills craters and covers surface irregularities.  
· Three principles: 
· Some satellites are probably captured asteroids 
· Small satellites tend to be irregular in shape and heavily cratered  
· Tidal forces can affect small moons and change their orbits (tides can make orbits shrink if close enough to planet). There are even stronger tidal effects in Jupiter! 
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1086F Study Guide: 
In all chapters words in BOLD are vocabulary words you should know for the exams. 
You will NOT be asked to memorize numerical facts (e.g. the density of Jupiter), but you should be aware of general characteristics (e.g. Jupiter is a gas planet and is less dense than Earth). 
The following document outlines the information from each chapter most likely to be tested: 
Unit 1 Introduction: Basic Concepts 
1. What observations led to the acceptance of the Big Bang theory? (three pillars of proof) 
· Recession of stars/galaxies 
· Cosmic microwave background radiation 
· The abundance of light elements 2. What are the steps of the scientific method? 
· Observation – invent hypothesis – test hypothesis- invent theory- test theory – create law 
3. How to define and measure time and space 
• Singularity – gravitational force is so high. Big bang created space and time when this singularity got too high all physics broke down, so time and space had a finite beginning 
Chapter 1: Big Bang Theory 
1. Define hypothesis, theory, and law. What are the differences between them? 
· Hypothesis: educated guess 
· Theory: summarizes hypothesis that was supported by testing and isn’t guaranteed to be true. Described WHY 
· Law: explains a body of observations, described HOW 
2. What is a singularity 
· A point in space that its gravity is so high it defies all known physics 
3. What is the Big Bang theory?  What does it describe?   
· What happened at beginning of universe.  
4. What are the three main lines of observation that support the Big Bang theory? 
a. Describe the Doppler shift 
i. Apparent change in sound when it comes towards/moves away 
ii. Light moves towards (short waves/blue), moves away (long waves/red) 
b. Explain cosmic microwave background 
i. Hot light photons have cooled and dropped from the visible light spectrum into microwave energy range that we still see 
c. Abundance of light elements 
i. Hydrogen, helium and lithium – only way this is explained is if they originated from one single ration of the first subatomic particles of matter.  
5. What are the possible shapes of the universe? 
· Sphere, saddle shape, flat 
6. What makes up the most matter in the universe, dark matter or stars? 
· Dark energy (70%) then dark matter (25%) stars make up 0.5% 
7. What is the difference between dark matter and dark energy? 
· Matter: gravitational attraction to conventional matter; never seen before 
· Energy: repels matter, which controls expansion 
8. How can we know the age of the universe? (3 ways) 
· Radioactivity 
· Hubbles expansion constant – the expansion rate 
· Cosmic microwave background radiation – most accurate  
9. List all the bold terms 
· Scientific theory, Big Bang theory, Theory, Law, Hypothesis, Law of Gravity, singularity, gigantic expansion, what banged?, Three pillars of proof, Hubble 
Space Telescope, Sound, Light, Doppler shift/effect, Hubble Law (V=HoD), Conventional matter, dark matter, dark energy,  
 
Chapter 2: Age and Size of the Universe 
 
1. How do we measure distances in space (2 different units of measure)? 
· Light years and austronomical units 
2. Explain how you can use trigometric parallax to tell the distance of nearby stars 
· Relies on object appearing to be at a different place relative to the background. Angle of parallax is how far you moved the telescope  
3. What is our nearest neighbour galaxy as found by Hubble? 
· Andromeda galaxy  
4. What is the Hubble law?  Explain the terms? V = Hd 
· V – speed expressed in km/s 
· D – distance of star/galaxy awar from earth in parsecs (1 parsec – 3.26 light years) 
· H – Hubble constant (speed of expansion)  
5. What are the 3 ways to determine distance? 
· Trigometric parallax (up to 500 lihght years away) 
· Hertsprung-russel diagram (brightness) 
· Cepheids (more than 500 l.y away) 
· Hubble law for 500 million l.y.a 
6. Will the Milky Way ever crash with the Andromeda galaxy? 
· In 3 billion years 
7. List all the bold terms 
· Light year, trigonometric parallax, Hertzprung-Russel, intrinsic brightness, apparent brightness, cepheids, Andromeda, hubble law, local group, triagulum galaxy, orion arm 
Chapter 3: Matter and the Nebular Hypothesis 
1. Definitions of atoms, elements, isotopes etc.  
· Atom: particle of matter that has properties of an element (contains nucleus, protons, neutrons and electrons) 
· Element: cant be broken down to anything simpler by chemical means 
· Ion: atom with either a neg or pos charge 
· Isotope: same element with differing neutrons (mass number is the sum of protons and neutrons in nuclei).  
· Radioactive: spontaneous breakdown of unstable atoms of an isotope, producing energy/other particles 
· Supernova: explosive death of a massive star 
· Table of elements: chemical elements from increasing atomic number 
2. Define fission and fusion 
· Fission: breakdown (splitting apart) with energy 
· Fusion: (coming together) with energy  
3. Formation of elements from light to heavy.  Which ones form in the big bang, a star or a supernova? 
· Bigbang: hydrogen, helium lithium 
· Star: nuclear fision reactions in stars are elements up to iron (26) 
· Supernova: enormous energy – produces anything more than iron 
4. Describe the nebular hypothesis for the formation of our solar system.  Describe what happens at each stage (collapse, flattening, condensation, growth of planets) 
· Collapse – recoiled from supernova shock wave which increased that regions density and creating so much heat it stopped any further collapse, allowing fusion rxns, creating the sun.  
· Flattening – conservation of angular momentum – the cloud would speed up its spin as it collapses.  
· Condensation – the sun was hot but not the whole nebula. Remember, the collapse/flattening didn’t change the composition of the nebula (homogenous composition). In the outer, cooler nebula parts, everything condensed (even hydrogen), but close to the sun, this wasn’t the case. Volatile elements remained gaseous by the sun and refractory elements condensed/froze by sun. 
· Growth – the small pebbles of refractory elements met and stuck together (accretion), increasing gravitational force.  
5. Why is the Sun hot? 
· Fusion reactions of 4 million tons each seconds. 
6. Why is the solar system a flat disc? 
· Angular momentum – this increasing spin of materials led to flattening out 7. Why did all planets originally move in the same direction around the Sun? 
· There is a slight cumulative motion in some direction of the whole cloud 
8. The interior planets are made from condensed refractory materials, what happened to the more volatile gases?  
· Swept to end of system by magic broom (solar wind).  
9. What is the solar wind? 
· A continuous outflow of charged particles that stream through solar system. Solar wind blew off all OG atmospheres and now atmospheres are from outgassing of planets, such as volcanoes.  
10. Explain how changes in bombardment rates support the nebular hypothesis 
· In early life of system, there would be a lot of planetesimals colliding with protoplanets. Accretion added them, so not a lot of planetesimals remained, which supports early bombardment.  
11. How will our solar system likely be destroyed? 
· The sun expanding into a red giant (then white dwarf, then black) when it runs out of hydrogen fuel (5 billion years; or andromeda hitting in 3 billion) 
- What do collisions do?  Uruanus tipped on side, Venus being retrograde, the moon, mercury’s orbital inclination 
12. List all the bolded terms 
· Nebular hypothesis, element, atom, nucleus, protons, neutrons, electrons, ion, isotope, radioactivity, supernova, atomic number, deuterium, hydrogen/helium/lithium, nebula, red giant, momentum, angular momentum, conservation of angular momentum, temperature gradient, homogenous composition, dew point temperature (air must be cooled to reach water saturation, when molecules may begin to form), accretion, bombardment rate 
 
Unit 2 Introduction: The Solar System 
 
2. Define/compare geocentric versus heliocentric models of the solar system 
· Geo – earth is center (Pythagorus, Ptolemy, Tycho,  
· Helio – sun is center  
3. History of the model of the solar system involves many players – know the contributions of the heliocentric crowd: 
· Aristarchus – first person to put earth at centre. Spent time in library  
· Copernicus – played with Ptolemy model cause he thought it wasn’t predicting well. He died and book was published.  
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Kepler – was tycho’s apprentice; took on Cpernicus model and adjusted slightly. Came up with perihelion and aphelion.  
· Galileo: first person to see planet through telescope, declared himself a Copernican.  
4. Define perihelion and aphelion 
· Perihelion – point closest to the sun  
· Aphelion – point farthest from the sun  
Chapter 4: Sun 
1. The Sun is a main sequence star T/F? True!!!  
2. What is the structure of the Sun (name the layers) 
· Core – radiation zone – convection zone – photosphere – chromosphere – corona  
· Photosphere is the visible outer layer we see  
3. What is the most common element in the Sun? 
· Hydrogen then helium  
5. What is the purpose of NASA’s Genesis mission and how was this accomplished? 
· To capture particles from the sun (solar wind) and study them. Travelled to where they gravity between sun and earth was balances and collected particles for 2+ years. Had foils of gold, sapphire, diamonds.  
6. What was surprising about the results of the Genesis mission? 
· Isotopic compositions of oxygen and nitrogen in the wafers were different than most of solar system that we have measured. The sun is supposed to have same composition as solar nebula, from which the planets formed too?  
7. What is a Sunspot? Why are they black? 
· Represents switch-time of magnetic field (11 years); it is lower temperature.  
8. Does the Sun have a magnetic field? 
· Yes – by interaction between unique properties of matter in different layers 8. How often does the Sun’s magnetic field usually flip or how long does a solar cycle last? 
· Flips every 11 years, cycle is 22 years (earth is every few thousand – 50 mil) 
9. What is a solar cycle? 
· The complete cycle – flipping twice.  
10. Does the solar wind reach the Earth? 
· Solar flares cause solar wind storms. Magnetosphere protects us form solar cosmic particles  
11. What are two effects of magnetic storms on Earth are caused by solar flares? 
· Breakdown/interference of power grids carrying telemetric signals 
· Northern lights  12. What is the solar wind? 
· Charged particles send from the sun at all times in all directions, made of plasma 
13. How does the aurora borealis form? 
· The magnetosphere is created at the poles, but it doesn’t protect from solar wind there. Solar wind interacts with molecules of gas in upper atmosphere, which results in emission of a light photon.  
14. What are the stages of the Sun from birth to death? 
· Birth – grdual warming around 7 b.y.; red giant at 10 b.y. (using helium now); only core left which becomes white dwarf and then black dwarf when it stops glowing.  
15. list all the bolded terms 
· photosphere, chromosphere, corona, oblate (uatorial diameter greater than that between the poles of rotation), kelvin, AU, spectroscopy, genesis mission, upside down, prominences, flares, sunspots, solar wind, plasma, magnetosphere, aurora 
(borealis and australis), red giant, white dwarf, black dwarf  
Chapter 5: Geometry of the Solar System 
1. What is the difference between a refractor versus a reflector telescope? 
· Refractors – collect light through lens 
· Reflectors – collect light with curved mirror  
2. Canada-France-Hawaii Telescope (CFHT) 
· Mounted on Mauna Kea, hawaii – found the Lagoon Nebula (5000 light years away) 
3. Why is the Hubble Space telescope (HST) orbiting the Earth? 
· To compensate for the atmosphere distortions  
4. What do non-optical telescopes detect? 
· Invisible light  
5. Define orbital velocity, escape velocity and geostationary 
· Orbital velocity – the velocity needed to place something in a position that balances gravity’s pull with inertia  
· Escape velocity – the minimum velocity needed for an object to overcome earths gravitational attraction 
· Geostationary – stays right over the same spot all the tine.  
6. Name the planets in order of their distance to the Sun 
· Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune 
7. Which planets are the gas giants 
· Jupiter - Neptune 
9. Which planets are the terrestrial planets? 
· Mercury - Mars 
10. What are the characteristics of a terrestrial (or gas) planet? 
· Terrestrial – rock, metal, dmall, dense 
Gas – big, low density, hydrogen/helium, rings, many satellites  
10. What is the asteroid belt? 
• Between Mars/Jupiter, composed of small rocky objects (asteroids) 
11. What is the largest object in the asteroid belt? 
• Ceres (tiny fraction of moon size)  
12. What reasons led to Pluto being declassified as a planet in 2006? 
• Too small, too dense, satellite the size of it, eccentric orbit rather than circular 
13. Where is the Kuiper Belt and what does it contain? 
· Past Pluto; has icy bodies (Eris and Sedna are in here). Comets originate here.  
· Oort cloud – never seen it but find comets from here too.  
14. What is the definition of a planet? 
• A celestial body in orbit around the sun, has mass/self-gravity to become sphere, cleared surrounding area of its orbit. 
15. What are the differences between a planet, a dwarf planet and a small solar system body? 
• A dwarf planet hasn’t cleared the surrounding area in its orbit, small solar system body is anything (but a satellite) that orbits the sun.  
16. What are the problems with the nebular hypothesis in terms of the evolution and position of the planets? 
• Doesn’t explain how planets like Uranus and Neptune that are massive for far, where planets closer in like Mars are tiny even though there was a lot of planet building materials.  
17. How did the position of the planets in the solar system evolve? 
• Planets formed between 5-12 AU from sun, but they started interacting with eachother as their orbits were close, which pushed them. 
18. In terms of planetary rearrangement, what are the Nice model and the Grand Tack model? 
· The Grand Tack model –  answers why the terrestrial planets are so small. Jupiter migrated inward due to pulling from sun, and pushed rocky planetesimals in to create a ‘mini disk’ from which is they were formed. Jupiter got caught by sautrn and they swung back to their current positions.  
· The Nice Model – the idea that Neptune and Uranus were pushed out due to interacting orbits.  
19. What does the Grand Tack model tell us about how quickly Jupiter formed? 
• Grand tack takes place within 5 million years 
20. How does the Nice model that explain the positions of Neptune and Uranus.  Relate this to the Late Heavy Bombardment? 
• When Uranus and Neptune were ejected out, all the small orbiting bodies would have had theirorbits disturbed and ‘fall’ inward to sun, but it would pass all planets before, which is the bombardment.  
21. What is the evidence for the Late Heavy Bombardment (two kinds of evidence)? 
• Similar aged craters on Moon and Mercury and evidence of tungsten on earth.  
22. What is obliquity? How does it occur? 
• The angle between is equatorial plane and its orbital/ecliptic plane. Obliwuity should all be close to zero, but that’s not the case. Large collisions may have done this 
23. Is our solar system typical? 
• No – 1 in 700  
24. list all bolded terms 
• Refractors, reflectors, aperture, magnification, CFHT, HST, Sputnik 1, orbital velocity, geostationary, escape velocity, planets, satellites, asteroids, comets, terrestrial planet, gas giants (Jovian planet) asteroid belt, Ceres, Pluto, Kuiper belt, Eris, Sedna, Oort Cloud, Nice Model, Grand Tack Model, Ecliptic, Extrasolar planets/Exoplanets (planets in other star systems) 
Unit 3 Introduction: The Terrestrial Planets 
1. What characteristic is used to differentiate gas planets from terrestrial planets? 
• density 
2. What elements are common in the rocky planets? 
• Silicon, oxygen, aluminum, magnesium, sulfur, iron (MASSI – Oh not!) 
3. What is the most abundant rock type? 
• basalt 
4. Do planets close to the Sun experience more or fewer bombardments? Why? 
• More, because things ‘fall’ into the sun  
Chapter 6: When two Planets Collide 
1. Learn the different models of the Moon’s origin and why one model is favoured 
· Fission hypothesis – a bulge developed due to fast spin and broke off  
· Condensation hypothesis – formed from same cloud at same time • Capture hypothesis – independent that was captured • Giant impact hypothesis – favoured.  
2. These are the bad hypotheses: 
· Fission Hypothesis rejected b/c it would require earth to spin every 2.5 hrs (not 24) which couldn’t be reconciled with current rate.  
· Condensation Hypothesis rejected b/c they don’t have same chemical makeup (moon has small metallic core compared to earth) and the moon doesn’t orbit earth on an equatorial plane.  
· Capture hypothesis rejected b/c the gravitational and dynamic conditions needed are unlikely, and the chemicals were similar so there had to be a genetic component. Any attempt on computer failed.  
3. Giant Impact hypothesis – what is it? (Why do we like this one?) 
What is kinetic energy – energy a body has by virtue of its motion; the faster it travels, the more energy in form of heat it given off.  
· What is Theia? – hypothetical planet in unstable orbit around sun that smashed into earth 
· How did the giant impact affect Earth’s structure? – it’s kinetic energy upon impact melted both planets and gave earth an increased angular momentum.  
· What material makes up the Moon? Why is its composition similar to Earth?  - the two mixed together and the heavy elements formed a core of earth and left debris around it (this is what the moon formed out of)  
· What evidence is used to support that the Moon formed as a result of a large impact? – tungsten isotopes say the moon is 30 million years younger than solar system; oldest rocks were from a magma ocean; oxygen is almost exact same in rocks there and on earth and nothing else matches earth.  
· Was the impactor (Theia) large or small?  Do we know? – we want to say similar to earth’s size but there is another paper that says it was a small body travelling high speeds.  
· Relate this hypothesis to the size of the Earth’s iron-rich core (this might also explain the size of Mercury’s core – see chapter 9). – the impactor had a metal core, making earth’s core even bigger, and allowing volatile debris to fly far into space, leaving refractory elements in the middle to accretion.  
4. List all the bolded terms 
• Fission, condensation, capture, theia, kinetic energy 
Chapter 7: Earth 
1. Be familiar with 
a. Size, density and internal zones  
i. fifth largest, densest major body, includes: cores, mesosphere, asthenosphere, lithosphere, hydrosphere, atmosphere 
b. Continental drift, plate tectonics, and magnetism 
c. Geological time and age dating 
d. Basic properties of the hydrosphere and atmosphere 
e. How early life developed 
2. What makes Earth unique among the terrestrial planets? 
• Atmosphere 78% nitrogen, 21 % oxygen; liquid water, biosphere  
3. Explain the role of Accretion in the formation of the Earth 
• First 20 million years of earth it grew by accretion. The top 500 km of earth was melted during this period because of kinetic energy 
4. What is the iron catastrophe? How was the core formed? What are the layers of the core? 
· Iron accounts for 30% of earth and as the top 500 km was melted, iron sank to the middle as it was the heaviest element. This produced an upheavel of the planet realising more energy and causing the whole planet to melt.  
· This resulted in removing most of the iron from the outer layers to form a liquid core, which put so much pressure on the innermost core, making it solid.  
5. What is the most common element in the Earth? 
• Iron 
6. How did differentiation form different zones in the Earth? 
• Chemical zonation of elements from core to surface – differentiation.  
7. Name the zones of the Earth (be able to label a simple diagram).  How do the zones differ from each other? Which is the largest zone? 
• Inner core- outer core – mesosphere (stiff plastic)– asthenosphere (slow-flowing) 
– lithosphere (solid rocky layer) – hydrosphere – atmosphere (physical properties) 
• (inner core, outer core, mantle, crust – chemical properties) 
8. How do pressure, temperature and density change as you move from the crust towards the core?  
• increases 
9. Why does Earth have a magnetic field?  What is a dynamo?  
· Because there is a solid metal core surrounded by a liquid metal core. The solid core spins a little faster than the rest because it is slower to respond to outside forces. This is basis for dynamo construction 
· Dynamo – mechanical device that converts physical energy to electrical energy 
10. What is the evidence that supported the hypothesis of continental drift? 
· Leo da vinci found sea shells on mountains  
· Charles Darwin saw Coastline of chile has been raised due to earthquake  
11. What are the 3 types of plate margins?  What happens at each kind of margin? 
· Divergent – spreading (atlantic) 
· Convergent – subduction (south American continent) 
· Transform fault – strike slip (st. andres fault)  
12. What mechanism drives plate tectonics (a.k.a. continental drift)? 
• Heat is produced in earth through radioactive decay, which provides a force to move material around, aka convection. This occurs in mesosphere  
13. What is a mantle plume and how does it form? 
• There are irregular proturbances of the core into the mesosphere, which produced pockets (due to intense heat) of less dense material, allowing it to rise (a plume) to base of lithosphere. This results in volcanoes.   
14. What is “relative age dating”?  Give an example of how you can tell the order in which rocks were formed based on their relative position. 
• Looking at relative relationships (ex. The bottom layer is older than the top)  
15. You do not need to memorize the geological time scale 
16. Describe (generally) how we can use radioactive elements to determine absolute ages of rocks. 
· the rate (half-life) 
· amount of isotope in process of breaking down (parent) 
· amount of isotope produced in breaking down (daughter) 
17. How old is the Earth?  How old is the surface of the Earth? How old are the ocean floors? 
· earth is 4.5 b.y.o 
· surface is 4 b.y.o 
· ocean floors are 250 million y.o 
18. Describe how the Earth’s atmosphere, hydrosphere and biosphere are interconnected (e.g. 
how do they affect each other). 
Our atmosphere has conditions that supports liquid water and photosynthesis and the liquid water (ocean) is a heat reservoir stabilizing climate and temp. Our atmosphere nurtures our biosphere 
· Both venus and mars have atmospheres around 96% CO2, which earth used to have. The pressures however were different, and liquid water is NB. Rain dissolved CO2 which lessens the amount in the air, therefore lowering atmoshpheric pressure. CO2 traps heat and doesn’t let it escape (hence why Venus is so hot, because its pressure is insane) 
· So the almost complete removal of CO2 from rain mean the temp lowered on earth making it possible for life.  
· Volcanic gasses are now our atmosphere, emitting water vapour and CO2. Early volcanoes didn’t have oxygen.  
· Earth pummelled by comets/asteroids (with trace amount of water), and when earth cooled, this water condensed and rained which is when hydrosphere was born (closed system) 
· Biosphere changed atmosphere through photosynthesis which added oxygen and removing CO2  
19. Why does Earth’s atmosphere differ from that on Mars? Venus? 
· Due to pressure on Mars and weak gravity – it couldn’t hold its atmosphere  
· Due to liquid water on earth and none on mars (earth got rid of CO2 where as venus didn’t have that)  
20. Where did the Earth’s water come from? 
• Comets and asteroids  
21. Explain two ways that biology has affected the composition of the atmosphere – how are these changes beneficial to life? 
· Photosynthesis – adds oxygen to atmosphere 
· Removal of CO2 from water vapour turning into rain and creating limestone/organic matter  
22. How did prokaryotes that lived in anaerobic ancient oceans avoid the toxic effects of the oxygen they produced during photosynthesis?  What evidence do we have? How do we finally start to accumulate oxygen in the atmosphere and what were the effects on biology/evolution? 
• We dump CO2 into oceans through rain, Prokaryotes lived in anaerobic environment but were capable of photosynthesis producing oxygen. They could survive their own oxygen because of the conditions of the oceans, which were rich in iron. The oxygen automatically binded to iron, leaving a red precipitate on the floor. When the iron was used, the oxygen eventually killed the prokaryotes and eukaryotes were born. This took about 2 billion years. They produced large amounts of oxygen through photosynthesis which contributed to atmosphere and rapidly changed biosphere.  
23. How is CO2 removed from the atmosphere?  How does this affect Earth’s temperature? 
• Calcium (carried by acidic fresh water) combined with CO2 to form limestone and that removes CO2 from ocean. The CO2 we do have emitted by volcanoes is NB for GHE 
24. list all the bolded terms 
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Thuban, polaris, Vega, differentiation, plate tectonics, P/T/D, lithosphere, asthenosphere, mesospshere, outer core, inner core, dynamo, normal/reverse, north American plate, leo da vinci, Charles Darwin, Alfred Wegener, Pangaea, continental drift, paleomagnetism (study of magnetic properties in rock), curie point (atoms aren’t active below), divergent, convergent, transfortm fault, spreading, subduction, strike-slip, convection, seismic topography, mantle plume, relative age, absolute age, preterozoic, Phanerozoic, paleozoic, Mesozoic, cenozoic, uranium, thorium, carbon, photosynthesis, anaerobic, prokaryotes, eukaryotes.  
Chapter 8: Moon 
1. What is tidal coupling? 
• Synchronized pattern; the exact same rotational period and orbital period  
2. What is a Trojan satellite 
• Same orbit but doesn’t collide b/c its location on the orbit, Legrangian Point, where it is stable and doesn’t collide.  
3. Has Earth ever had more than one satellite? 
• Yes; asteroid RH120 and 2010 TK7 
4. Before visiting the Moon how did we know: 
a. That the Moon had no atmosphere? – because its so small so it must mean it has a low escape velocity, letting all atom go into space. There ar also dramatic light/shadows, meaning no air on the moon to scatter. 
b. That there are no plate tectonics? There were no mountains 
5. Explain how studying impact craters can tell us about the age of the Moon. 
• Relative aging – highlands are saturated and maria aren’t so highlands are older 
6. What is the maria? Why does it only occur on the near side of the Moon? 
• Maria – great lava flows of basalt. The crust is too thick on the far side to break through 
7. Are you more likely to see small craters form on the Moon or Earth?  Why? 
• Small craters on moon b/c our atmosphere slows/eats it up 
8. If the same size meteorite were to hit the Earth and Moon, which would form the bigger crater? 
• Moon – 50 X (earth is 15-20 X) 
9. What are the general steps of crater formation? 
• Kinetic energy of impactor is converted to thermal, acoustic and mechanical. A shockwave compresses rock, deforming it, around impact site. This wave explodes below surface, and layers are heaved up and out, bent back and folded back over.  
10. What is crater saturation? 
• When a surface has no more room for new craters, so a new impactor would get rid of an old crater.  
11. You do not need to memorize the geological time scale for the Moon 
12. You do not need to memorize the history of “firsts” in lunar exploration, but please appreciate that there have been generations of scientists exploring the Moon.  
13. Why are all Moon rocks igneous rocks? 
Igneous – cooling molten lava b/c there was a magma ocean.  
14. Why aren’t sedimentary rocks found on the Moon? 
• b/c there is no water  
15. What is the regolith and how is it formed? 
• Layer of powdered rock and crushed fragments (10 m deep in maria, 100 m deep in highlands) 
16. Is there seismic activity on the Moon?   
• Some deep quakes but barely any.  
17. What is the geological history of the Moon? 
• Differentiating – cratering – lava flooding – evolution  
18. List all bolded terms 
• Resolve features, tidal coupling, escape velocity, anorthosite, relative ages, maria, rilles, meteoird, asteroid, Apollo 11, basalt, vesicular, breccias, regolith, seismology, clementine, jumbled terrain (opposite imbrium basin), Aitken basin (largest impact in solar system) 
Chapter 9: Mercury 
1. Why is it hard for us to view Mercury’s surface? 
• In the same region of the sky as the sun and is 80 million km away 
2. How is Mercury similar to the Moon? How do their surfaces differ? 
· Rotation altered by tidal attraction, surface cratered, flooded with lava flows, small, airless and inactive surfaces 
· Caloris basin on mercury resembles imbrium basin on moon  3. What mission/craft provided us with the most information about Mercury? 
· MESSENGER and mariner 10 (74/75) 4. Which is longer, a day or a year on Mercury? 
· a year is 88 earth days and a solar day is 176 earth days 88 (3:2 spin-orbit; rotates 3 times for every 2 orbits) 
5. Is the surface hot or cold? Why? 
• Both - + 427 in the sun and -173 at night.  
6. What is the origin on the atmosphere on Mercury?  
• Thin consisting of solar wind atoms that are constantly replenished. The sparse atmosphere is properly called an exosphere (tail of comet) that can give off orange glow from sodium.  
7. What is the evidence for lava flows on Mercury? 
• Smooth plains that cover 40% that can only be explosive eruptions. The caloris basin has lava flows through cracks  
8. Why does Mercury have a low albedo? 
• Albedo – proportion of light that is reflected by planetary body. It has a low albedo due to dusting of carbon 
9. Since there are no plate tectonics on Mercury why do we see things like faults and scarps?  
• As mercury cooled, tis diameter decreased by 10 km, shrinking it and making escarpments 
10. How are hollows formed? 
Pits in surface due to material beneath the surface, which was vaporised away after asteroid impact. (needs high volatile elements)  
11. How does the interior of Mercury compare with Earth’s? 
• Second most dense; iron core is 75-85% of mass with shell of iron and sulphur, then mantle and crust of lighter elements. 
12. What is the geological history of Mercury? 
• Differentiation – cratering – flooding – evolution  
13. What two elements are surprisingly common on the surface of Mercury? 
• More sulphur and magnesium (rocks are high in pyroxene, feldspar and sulphide) 
14. Is there water on the surface of Mercury?  How do we know? Why hasn’t the heat of the Sun evaporated it? 
• There is solid water (ice) on Mercury in the shadows the sun never reaches. It is highly radar reflective. 
15. list all the bolded terms 
• Mariner 10, MESSENGER, tidally coupled, year, day, perihelion, aphelion, exosphere, caloris basin, imbrium basin, inter-crater plains (craters les than 15 km/produced from ejecta), smooth plains (ancient lava flows) , albedo, pyroxene, feldspar, sulphide mineral, BepiColumbo,  
 
Chapter 10 – Venus 
1. Why is it hard for us to view Venus’ surface? 
• Layer of cloud that never clears  
2. What are our 3 main sources of information about Venus? 
• Magellan, Venus express, Vanera 13  
3. Why does Venus rotate clockwise (opposite to most other planets)? 
• Elliptical orbit (clockwise or retrograde motion; east to west) due to large collision that knocked it over.  
4. Which is longer, a year or a day on Venus? 
· A day is 243 earth days and one year (orbit) is 224 days so a day is longer than a year 
· Clouds rotate once every 4 days  
5. What is the composition of the cloud layer?  What is the main component of the atmosphere? How do these things affect the climate? 
· Clouds = droplets of liquid/solid sulphur and sulphuric acid. 
· Atmosphere = CO2, nitrogen, water vapour, sulphur dioxide and oxygen 
· Increases greenhouse effect  
6. What is the greenhouse effect?  How does it differ on Venus and Earth?  Of the 3 closest planets to the Sun (Mercury, Venus, Earth), which is the hottest? 
• CO2 is transparent to in-coming light energy, but opaque to out-going infrared energy – the energy that CO2 does allow to escape is blocked by the water and sulphur dioxide so its GHE is substantial. Average temp is 462, hotter than mercury.  
7. Has there ever been water on Venus?  What is the evidence? What happened to it? 
When UV radiation hits water, it breaks up into OH and its hydrogen isotopes. It was detected that it has 150 times more deuterium per atom of light hydrogen in Venus atmosphere than in earths.  
· Detected OH in atmosphere (earth is only other planet to have this) 
· Didn’t have ozone to protect it though  
8. Earth and Venus have similar amounts of carbon – so why doesn’t Earth have the same runaway greenhouse effect as Venus? 
· b/c its farther from the sun and cooler, preserving liquid water to absorb CO2 
· runaway GHE  no ozone to protect UV radiation which breaks down water molecules, eventually no liquid water to absorb CO2, high temp bakes even more CO2 out of surface, atmosphere is less transparent to infrared making it harder for heat to escape, making it hotter 
· planet wide wind storms 
9. Why are their fewer impact craters (and fewer small craters) on Venus compared to Moon and Mercury?  
· Small craters get eaten up by the dense atmosphere  
10. What is the evidence that the surface of Venus is young? 
· They craters they do have are young (rarely filled with lava, so formed after a volcanic activity, and rough so haavent eroded yet) • Surface is 500 million y.o but the planet is as old as earth  
11. What volcanic features exist on the surface of Venus? 
· Coronae – dome surrounded by concentric fractures (formed by mantle plumes) 
· Caldera – deep crater with the coronae blowing its top off.  
· Pancake volcanoes – less than 20 km in diameter, look like flattened domes due to pressure. An area of these are called shield fields. (viscous lava, resistance to flow) 
12. What causes a global volcanic event? What is the evidence that this has occurred? 
· Venus lacks tectonics so it builds up heat and periodically boils over into volcanic eruptions that resurface whole planet. Evidence is by crater-counting  
13. Why do rocks erode faster on Earth than on Venus? 
· Stronger rocks because they have zero water content  14.  What causes erosion on Venus? 
· Wind – visual evidence shows preferential direction of dust/debris 
15. What causes the weak magnetic field on Venus (how does this differ from the cause of the magnetic field on Earth)? 
· Density says core is rock/metal and volcanism says its hot  
· Weak magnetic field from the interaction between the solar wind and the atoms of the upper atmosphere (not like our earth where it comes from the core)  
16. What is the proposed geological history of Venus – how does this compare to the stages of formation of the other rocky planets you have read about so far? 
• Differentiation – runaway GHE – disperse heat through volcano (resurface)  
17. What are the arguments for and against Venus having a partially liquid core? 
• It should have a magnetosphere emerging from it if it does, but it doesn’t – but maybe its because it rotates so slow 
18. Why is there no active plate tectonics on Venus? 
Crust is dry and less dense, making it more buoyant 
• Crust if hallway to melting point of rock, so it cant form rigid plates 
19. list all bolded terms 
• Evening/morning star, Magellan, retrograde, rotation, revolution, CO2 in rocks = to total quantity in the Venusian atmosphere, in-coming light energy, out-going infrared energy, runaway GHE, Venera (spacecraft with lights), coronae, caldera, pancake volcanoes, viscous, plate tectonics 
Chapter 11 – Mars 
1. Do canals exist on the surface of Mars?  Why were people excited about canals? 
• No – they were tricks of the eye. An astronomer said they did so people thought martains were there and much more advanced.  
2. Features of Mars (pay attention to comparisons with other terrestrial planets) 
· Is Mars smaller or larger than Earth? – smaller  
· Are there polar caps? – yes (clouds/ice deposits) 
· Is there a greenhouse effect? – yes  
· Is there evidence for life on Mars? – yes  
· Does Mars have satellites? Are they round?  Why or why not? – 2, phobos and Deimos, and no because they don’t have enough self-gravity to be round 
· Are there seasons?  Why or why not? – yes (the tild of the axis) 
· Which is longer, a year or a day on Mars? A day si 24 hrs and 40 minutes, a year is 1.88 earth years 
3. What are the names of the spacecraft that have explored Mars from its surface? 
· Curiosity, Opportunity and Spirit, Phoenix Mars Lander, Viking 1 and 2 
· What are Curiosity’s objectives and what kind of evidence might it look for? 
i. Microbial life, water, climate, geology (analyzing soil/rock) 4. Does Mars have an atmosphere?   
i. What is the primary composition? CO2, nitrogen, argon  
ii. Does it contain water? Has water vapour and oxygen 
iii. How does the atmosphere affect the composition of the soil – UV radiation breaks water vapour, hydrogen escapes and oxygen binds wirh iton in the soil  
5. How did the atmosphere of Mars form?  Note similarities/differences to the formation (and characteristics) of atmospheres on Venus, Mercury and Earth.  
• Is smaller than earth so less internal heat to drive geology (volcanoes) so didn’t out-gass as much CO2 and water vapour. Mars’ escape velocity is high so atoms leave easily.  
6. Know the implications of high versus low escape velocity to the atmospheric composition 
7. How does the size of a planet affect the composition of its atmosphere? (e.g. compare a gas planet to a terrestrial planet, compare the different terrestrial planets).  Pay attention to how planet size and cooling rates affects the core, the magnetosphere and loss of atmosphere.    
• small = not a lot if geologic activity, cooling core is easier, cooled core means no magnetosphere, losing atmosphere results in little GHE making it even cooler 
8. Can water escape Mars’ atmosphere? How is it lost? Was there ever liquid water on the surface? 
Such a weak atmosphere that UV can come un and break water vapour up to OH and H which escapes and forms iron oxide. There was once liquid water which we know from geological features  
9. What evidence do we have for weather, storms or wind on the surface of Mars? 
· Dune fields – wind sculpted  
· Sun emits water vapour, which freezes forming clouds of water ice crystals 
10. We have not found liquid water on Mars, but what evidence do we have that there is/was water on Mars?   
• Linear features, water is more salty so flows at lower temp, spectroscopy found perchlorates which lowers melting point of eater.  
11. Where does water currently exist on Mars? 
• Ice caps, permafrost, chemically bound, water vapour  
12. Compare plate tectonics on Mars, Earth and Venus 
· Mars tectonics – no signs of tectonics, has plumes 
· Venus tectonics – no plates, goes through planet resurfacing q 500 m.y 
· Earth tectonics 
13. Cratering 
· Why does Mars surface lack the regolith seen on the Moon? 
· Why are there few craters on the northern lowlands (how does this compare to areas on Venus that lack craters?) 
14. Give examples of surface features that tell us something about the crust of Mars 
· Crust is thicker than earth b/c Olympus Mons hasn’t sunk in 
· Was once thinner (valled Marineris which was produced by faults in crust) showing crust as more actice  
15. What does the mineralogy of Martian soils tell us about the environment (sulphates, iron oxides, blueberries) 
· Sulphates – common evaporate which bonds to surface dust into crumbly/flaky layers (duricrust) 
· Iron oxide – deposit of sediment (red beds) which is produced by wetting/drying the sediment (moist climate)  
· Blueberries – hematite formed by gently rolling water  
16. Compare the Martian core to the other terrestrial planets: 
· Is the core molten? It is goopy 
· Is the core metal? Iron  
· Is there a magnetic field? – used to be  
17. Mars has some of the largest volcanoes in the solar system – in general how are they formed? Shield volcanoes – occur over plumes of rising magma below crust (because mars doesn’t have plate tectonics. 
18. You do not need to memorize the geological eras of Mars 
19. What are the 4 stages of developmental history of Mars? 
• Differentiation- cratering – flooding - evolution 
 
This is the end of the material covered on the Mid Term Exam.  The final exam is not cumulative. 
Fill in the Blanks 
· Science is based upon rigorous application of a method that begins with an observation, proceeds to the formulation and testing of a hypothesis, and eventually, to theory, and possibly to law 
· The foundation of science is the scientific theory 
· The most profound scientific theory is the Big Bang Theory 
· Hypothesis - an educated guess based upon observation 
· A scientific theory - summarizes a hypothesis (or group of hypotheses) that explain a set of observations 
· A law - governs a body of observations 
· Scientific laws describe certain scientific observations, but do not explain why the behaviours are observed 
· Singularity - an area in space-time where gravitational force is so high that all known laws of physics break down and do not apply 
· NASA installed a huge optical telescope naming it the Hubble Space Telescope 
· In order to understand the observations that led to Hubble's Law, we have to make a comparison between sound and light 
· Apparent change in sound is called the Doppler Shift/Effect 
· A closed universe consists of positive curvature, like a sphere 
· Open universe consists of negative curvature, saddle-shaped 
· Dark matter - matter we have never seen because it gives off no electromagnetic energy 
· Dark energy - a mysterious force that repels matter and acts in opposition to gravity 
· The universe is 13.80 +- 0.04 billion years old 
· Scientists use light-years to measure distances in space 
· Trigonometric parallax - an object appears to be in a different place relative to the background, depending on your viewpoint 
· Hertzsprung-Russell Diagram relates the luminosity of stars to their temperature 
· True brightness is also known as intrinsic brightness 
· The brightness you see from Earth is called the apparent brightness 
· Cepheids - marker stars for determining distance  
· Local Group - our immediate group, 40-50 galaxies 
· The core of our Solar System is located on the Orion Arm of the Milky Way  
· Nebular Hypothesis - suggests that the Solar System formed over a relatively brief span of time and all as a unit, from a nebula or cloud of interstellar gas 
· Element - a substance that cannot be broken down into anything simpler by chemical means 
· Atom - a particle of matter that has the unique properties of an element 
· All atoms consist of a central nucleus that contains one or more particles called protons and may or may not contain neutrons 
· The nucleus is surrounded by one or more electrons 
· Ion - an atom with either a negative or positive charge  
· Isotope - atoms with different amounts of neutrons 
· Isotopes are defined by mass number 
· Radioactivity - the spontaneous breakdown of unstable atoms with the production of energy and other particles 
· Fission - a breakdown of the nucleus of a relatively heavy atom into at least 2 other lighter particles plus energy 
· Fusion - the combination of 2 lighter atoms into one heavier atom plus energy  
· Supernova - the explosive death of a massive star 
Periodic Table of Elements - an arrangement of all the known chemical elements in a table according to a defined order, generally ordered according to atomic number 
· First 3 elements - hydrogen, helium, lithium 
· H2 is also known as deuterium 
· Momentum - a measure of an object's tendency to move at a constant speed along a straight path 
· Angular momentum - a measure of the amount of spin of an object 
· Conservation of angular momentum - if no outside force acts on a spinning object, the object's angular momentum will not change with time, no matter how the object interacts with other objects 
· In order to condense, water must get to the dew point temperature 
· T Tauri Stars are believed to be very similar to how the Sun would have looked at the time of its formation 
· Bombardment rate would have been very high early on, but fell off as time passed 
· Geocentric model - Earth is at the centre of the solar system 
· Heliocentric model - Sun is at the centre of the solar system 
· Early pioneers include Pythagorus and Plato 
· Kepler's First Law defines the construction of an ellipse because he realized the planets did not move in perfectly circular paths 
· Perihelion - the point of nearest approach of a planet to the Sun 
· Aphelion - the point of greatest separation  
· Photosphere - visible outer layer of a star, represents the depth within that gas at which we can see no deeper towards the core 
· Surrounding the photosphere is a layer of gases called the chromosphere 
· Further out, the chromosphere merges into the outermost region of the Sun's atmosphere, the corona 
· 1 AU is equal to the mean average distance between the Sun and Earth 
· Spectroscopy - the measurement and analysis of energy spectra to determine the composition of matter 
· Spectroscopy often uses a spectrometer or spectrograph 
· NASA's Genesis mission set out to capture particles of the solar wind and return them for study on the Earth 
· The isotopic compositions of oxygen and nitrogen implanted in the wafers are significantly different to those in most of the Solar System objects 
· Prominences - arcs of gases that begin on the bright surface and soar to as much as 10,000km into the corona 
· Even more dramatic are flares, short-lived gas eruptions that generally last for no more than 20 minutes or so, but have been known to persist for several hours 
· The clearest manifestation of 'switch time' for the Sun is the development of a great number of sunspots 
· Sunspot - a region of the Sun's photosphere marked by lower than average temperature, thus appearing black 
· Sunspots were first described by Galileo as black spots on the Sun's surface 
· Both the interference to complete breakdown of power grids and systems carrying telemetric signals and the northern lights are the result of matter carried into Earth's upper atmosphere by the solar wind 
· Solar wind is made up of a plasma 
· The magnetic field around a body like Earth is called the magnetosphere 
Visual effects of the solar wind are called aurora, aurora borealis in the north, aurora australis in the south  
· When the last of the Sun's fuel is used up, it will expand into a red giant, then a white dwarf, and eventually, a black dwarf 
· Astronomical telescopes can be either refractors or reflectors 
· The aperture of any telescope is determined by the diameter of the glass lens or mirror 
· The magnification is don by a smaller lens known as an eyepiece 
· The Lovell telescope was installed just in time to track Russia's Sputnik 1 
· In order to insert a satellite into orbit around Earth, you need a rocket which will deliver orbital velocity - just enough velocity to place the satellite in a position that exactly balances gravity's pull on the satellite with the inertia of the satellite's motion 
· To use satellite TV, you must point the dish where you know there is a geostationary satellite - one that stays over the same spot all the time 
· In order to send a satellite to Mars, you need to attain escape velocity - the minimum velocity needed for an object to just overcome Earth's gravitational attraction 
· Traditionally, we have divided the objects of the Solar System into planets, their satellites, asteroids, and comets 
· The 4 planets closest to the Sun are dense, made mostly of rock and metal, and fairly small; they are called terrestrial planets 
· Further away from the Sun are the gas giants 
· Between the terrestrial planets and the gas giants is a band of objects called asteroids, which together, make up the asteroid belt 
· The largest object in the asteroid belt is called Ceres 
· Pluto is out past the gas giants 
· Well past Pluto is a thick band called the Kuiper Belt 
· Larger objects being studied in the Kuiper Belt are Eris and Sedna 
· Marking the outer limits of the Solar System may be an enormous belt of icy bodies called the Oort Cloud 
· Eris was once thought to be a 10th planet 
· All dwarf planets located toward the outer regions of the Solar System are called plutoids 
· The idea that Uranus and Neptune were pushed out away from the sun is called the Nice model 
· The Grand Tack Model suggests that Jupiter and Saturn initially migrated forwards and were then pushed out as well 
· Earth's orbital plane is ecliptic  
· Basalt - an igneous rock, the primary product of volcanic lava, fine grained, dark grey to black 
· Fission Hypothesis - the Moon broke off from a rapidly spinning Earth 
· Condensation Hypothesis - Earth and Moon formed contemporaneously from the same material 
· Capture Hypothesis - Moon formed as an independent planetary body that was later captured by Earth during a close pass 
· Theia - hypothetical planet that is now the Moon 
· Kinetic energy - the energy a body has by virtue of its motion 
· Angle of obliquity, or the tilt angle is primarily responsible for seasons  
· North star at the time of the Egyptian Pyramids was Thuban, is now Polaris, and in 12,000 years, it will be Vega 
· Earth's atmosphere consists of 78% nitrogen, 21% oxygen 
· Accretion - growth by accumulation of smaller bodies, dust, and gas 
· The hot liquid iron pooling in the Earth's core caused the whole planet to melt, this is known as the iron catastrophe 
The process of chemical zonation from core to surface is called differentiation  
· From surface to core, both pressure and temperature increase, and density decreases 
· The outer 100km of Earth's surface, encompassing both the crust and uppermost portion of the mantle, is a solid, relatively strong, rocky layer known as the lithosphere 
· Underlying the lithosphere is the asthenosphere, a layer of heat-softened, relatively weak, slowflowing rock located from about 100-350km beneath the surface  
· Below the asthenosphere is a very wise zone called the mesosphere 
· Below the mesosphere, the core is divided into a liquid outer core and a solid inner core 
· The most practical mechanism by which to generate a magnetic field is a dynamo 
· Earth's lithosphere is divided into a number of segments called plates, which move as a result of processes beneath them, called tectonics 
· London is on the North American plate 
· In 1508, Leonardo da Vinci recognized that some fossils he had collected were the remains of seashells 
· Charles Darwin recorded important evidence in favour of uplift when he observed that part of the coastline of Chile had been raised up as a result of an earthquake 
· The idea of continental drift was introduced by Alfred Wegener, he suggested that all the continents were once together in an enormous continent called Pangaea and wrote that it somehow broke, calling this process continental drift 
· The study of magnetic properties of rocks is called paleomagnetism 
· Above a temperature called the Curie Point, atoms are very active, but below it, they are much less so 
· Divergent margins - characterized by plates moving apart, also known as spreading centres 
· Convergent margins - characterized by plates moving toward each other, also known as subduction zones 
· Transform Fault Margins - when two plates slide past each other with no significant vertical movement, also known as strike-slip faults 
· A plume that rises through the mantle is called a mantle plume 
· The big block of time just before 545 million years ago is the Proterozoic 
· Phanerozoic refers to all of time from the Cambrian Period until present day, and it is divided into Paleozoic, Mesozoic, and Cenozoic 
· Half-life - rate of radioactive decay 
· Parent - amount of isotope that is in the process of breaking down 
· Daughter - amount of isotope produced by the breakdown  
· Most common radioactive elements are uranium and thorium 
· First, through the process of photosynthesis, the biosphere added oxygen to the atmosphere 
· The most ancient fossil to be found are single celled organisms called prokaryotes 
· New multi-cellular organisms are called eukaryotes 
· In astronomical and geological terms, our eyes can resolve features on the moon 
· Earth's gravitational influence on its much smaller neighbour has forced the Moon into exactly the same rotational period and orbital period as Earth, this is called tidal coupling 
· The Moon must have a low escape velocity 
· Lunar highlands are composed of anorthosite 
· The dark material filling the maria is solidified basalt lava 
· We can see a few small domes pushed up by lava below the surface, and we can see long, winding channels called sinuous rilles, often found near the edges of the maria 
· First successful USA mission toward the Moon - Pioneer 4 
· USSR won landing race with Luna 9, USA quickly followed with Surveyor 
Some of the basalts are vesicular, meaning they contain holes caused by bubbles of gas in the molten rock 
· A large fraction of the lunar rocks are breccias, rocks that are made up of fragments of earlier rocks cemented together by heat and pressure 
· The Moon is covered in a layer of powdered rock and crushing fragments called the regolith 
· The study of vibrations in the ground is called seismology 
· Surface of the Moon was completely mapped by Clementine 
· The place opposite of Imbrium Basin is now called jumbled terrain 
· The largest impact basin is Aitken Basin 
· Mercury is tidally coupled to the Sun 
· Very sparse atmosphere is called an exosphere 
· Inter-crater plains are less heavily cratered 
· Smaller regions called smooth plains appear to be even younger than the inter-crater plains 
· We use the term albedo to describe the proportion of light that gets reflected by a planetary body 
· The surface rocks of Mercury are thought to have high concentrations of pyroxene, feldspar, and sulfide minerals 
· Venus is often called the morning star or night star 
· CO2 is transparent to incoming light energy, but opaque to outgoing infrared energy 
· Coronae - concentric fractures that surround domes 
· Many volcanoes on Venus appear as pancake volcanoes 
· Viscous - high resistance to flow; opposite of fluid 
· Schiaperelli drew artificial lines called canali, meaning channels 
· Mars' atmosphere contains trace amounts of water vapour and oxygen 
· Polar hoods of CO2 clouds and haze hang over the polar regions 
· Saltation - when a stronger wind picks up bigger grains, enabling them to hop erratically over the surface  
· Dune fields, or large masses of wind-sculpted dunes, are common on Mars and Earth 
· Perchlorates were found on Mars 
· Magma from Mars rocks must have contained up to 1.8% water 
· Igneous rock on Mars is classified as andesites 
· Duricrust is up to 20-50% richer in sulfur than the loose dust 
· Deposits of sediments are called red beds 
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Table 1: The Properties of the Planets (and Pluto)

Planet  Mass Radius  Density

(Earth

Vasssg (£ Rad @)
Mercury 0055 038 55
Venus 0815 095 52
Earth 1.000 1.00 55
Mars 0.107 053 a9
Jupiter 318 108 14
Sawum 9 20 07
Unanus 145 393 13
Neptune  17.2 387 16

Pluto 0002 0178 21
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