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 4 Introduction: From Asteroids to Meteorites

· Where in our solar systems do many asteroids reside?
a.  lots of objects (from the 995 km diameter of Ceres down to peanut size) were being found in that space between Mars and Jupiter, and together they constitute the Asteroid Belt  
· Why is there an asteroid belt?  How did it form?
a. More recent work strongly supports the hypothesis that the material represents stuff that never assembled into a planet at all – it’s primordial material left over from the early days of the Solar System assembly. Why didn’t it come together to form a planet? Well, computer modeling suggests that the enormous force of neighbouring Jupiter prevented that assembly.
b. 
· Are all meteorites from the asteroid belt?
a. There are sources of meteorites other than the Asteroid Belt. If an asteroids slams into Mars or the Moon with considerable force, chunks of the surface will fly off into space, and some gets trapped in Earth’s gravitational field. So we have meteorites from both Mars and Moon. It’s a bit harder to get anything from Venus; if a chunk of Venus gets blasted into space, the trajectory will always be toward the greatest gravitational attraction: the Sun. It’s vaguely possible that the elliptical orbit could intersect Earth’s, but not very likely.
· 
· Definitions: Asteroid, Meteoroid, Meteor, Fireball, Meteorite
a. Asteroid: a natural rocky object in space measuring 100 m to several hundred kilometres in diameter.
b. Meteoroid: a natural rocky object in space measuring from a few millimetres to 100 m in diameter.
c. Meteor: the visual streak of light associated with passage of a small meteoroid through Earth’s atmosphere; the heat energy producing the light is a result of friction between the object and molecules of gas in the atmosphere. Remember – a meteor is not the object, only the light phenomenon.
d. Fireball: the light associated with a large meteoroid or asteroid as it interacts with the atmosphere.
e. Meteorite: a fragment (any size) of either a meteoroid or asteroid that lands on Earth`s surface. Please remember – it is not called a meteorite until it actually lands on surface.
f. 
You do not need to know how to calculate estimates for planetary orbits using the Titius Bode Law, but please be aware that such a law exists – what does it allow us to predict? relationship between planet orbits
· 
· It’s important to learn whatever we can about asteroids because 
a. They represent very primitive material left over from formation of the Solar System
b. Much water and organic material came to Earth from them
c. Sooner or later a large asteroid impact is likely to put an end to many terrestrial species (including humans)
Chapter 12: Asteroids
· Where are most asteroids found in the solar system?
a. Main asteroid belt b/w mars and jupiter
· What are asteroids and meteorites thought to represent? (e.g. age and material)
a. Asteroids are primordial objects left over from the formation of the Solar System
b. 
· Why did the asteroid belt form between Mars and Jupiter?
a.  in the early Solar System, the asteroids were distributed more or less uniformly within the inner Solar System. When the planets began to form, their gravitational forces changed that geometry dramatically. Much asteroid material was gathered up by the growing planets, leaving zones around their orbits devoid of asteroids. Those asteroids that did not meet this fatal end were commonly flung outward, ending up within the influence of Jupiter. Much of this redistribution would have happened as the 'big four' planets migrated outward
b. the enormous effect of Jupiter’s large mass. It has such a large mass that its gravity dramatically affects the motions of small bodies anywhere close to it. Jupiter formed very early in the Solar System's history, and was apparently the first planetoid to grow large, millions of years before any other planets could accrete where the asteroid belt now lies. The formation of a massive planet at Jupiter's distance from the Sun had a profound effect on this zone. Of course objects of various sizes accreted there, but gravitational perturbations (i.e., disruptions) caused by Jupiter's gravity prevented any of those objects from coalescing into a single planet-sized body.
c. 
· What are the Kirkwood gaps?
Plots of their mean distances from the Sun revealed gaps in the belt where no asteroids seemed to exist. Especially prominent were gaps at 2.50, 2.83, and 3.28 AU (Fig. 12.3). In 1866, the American astronomer Daniel Kirkwood provided an explanation for these gaps, known today as Kirkwood gaps. He noticed that the distances between gaps corresponded to simple fractions of the orbital period of Jupiter. Within these gaps, the gravitational perturbations (or disruptions) are particularly strong. Asteroids or meteoroids entering the Kirkwood gaps are booted out by Jupiter’s gravitational disruption forces at velocities so great they completely escape the limits of the Asteroid Belt. The gaps are like ‘open doors’ through which meteoroids and asteroids can escape Jupiter’s influence and move into the inner Solar System and, indeed, come to Earth. Because collisions between large bodies are inevitable in the belt, objects keep slipping into the gaps and starting off on unique tracks.
· 

· If all the meteoroids and asteroids in the main asteroid belt coalesced, would there be an additional Earth-sized planet between Mars and Jupiter?
yea
· 
· What is the difference between C, S, and M type asteroids?
those closest to the Sun are brighter and have higher metal content and those furthest from the Sun are darker in colour and richer in carbon. We can classify asteroids based on our observations: an object with lots of metal showing would be highly reflecting while one composed of carbon would have a very low albedo, Really large asteroids can become differentiated, just as planets do. This means that they have been heated, by radioactive decay and from the energy released during accretion, enough that their interior starts to melt. As they melt, metal can sink toward the centre and volcanic rocks (such as basalt) can erupt at the surface.
· 
C-type asteroids – high carbon content or ‘carbonaceous’, 75% of known asteroids; roughly similar composition to the Sun, minus the volatile elements.
· S-type asteroids – high silicon or ‘silicaceous’, 17% of known asteroids.
· M-type asteroids - metallic, most of the remaining asteroids.
[Other than these three, there are dozens of rare types in very small volumes]
· Are the most primitive asteroids closer to Mars or Jupiter?  
· How can asteroids be classified using albedo and spectral analyses?  There is no need to memorize the names of specific types of asteroids.
· Why are the most plentiful asteroid types (carbonaceous chondrites) the least common meteorites found on Earth?
 astronomers recorded reflection spectra from dozens of asteroids. Two facts immediately became apparent. Most asteroids have relatively low albedos, meaning they are very dark, reflecting only 3% to 7% of the light striking them: carbonaceous asteroids, with dark carbon-rich minerals on their surfaces. The first asteroid discovered (that has turned itself into a dwarf planet), 1 Ceres, has an albedo of about 6%. Its spectrum is very flat, showing equal reflectivity at nearly all wavelengths. Its spectrum falls into the broad area denoting the carbonaceous chondrites. The asteroid 433 Eros falls within the zone of the ordinary S-type chondrites. It is somewhat reddish in colour and its spectrum shows a combination of the minerals pyroxene, olivine, and metallic nickel-iron alloy - as expected. Asteroids with the highest albedo (40%) are designated E-type asteroids (E for the mineral enstatite). The asteroid 16 Psyche has a flat spectrum with a moderate albedo of about 10%. Its spectrum shows no absorption features, indicating it is a metallic body, perhaps the nickel-iron core remnant of a differentiated asteroid. Nickel-iron is an opaque mineral, returning only reflected light. These are called M-type asteroids (M for metal). Interestingly, the enstatite chondrites have a nearly identical flat spectrumThe disparity between the carbonaceous chondrites, rare on Earth but plentiful in the asteroid belt, and the ordinary chondrites, common on Earth but relatively rare in the asteroid belt, indicates that chondrites probably came from one or at most a few parent bodies. The large numbers reaching Earth are apparently not indicative of large numbers of S-type asteroids in space. It seems we cannot rely on our meteorite collections to tell us the true ratios of asteroid types. The rarity of carbonaceous chondrites on Earth - by far the most plentiful asteroid type - probably illustrates the difficulty of removing them from the outer fringes of the belt, where they normally reside, to Earth-crossing orbits. S-type asteroids are confined to the inner belt, but there is some confusion about the S-type asteroids; they do not closely match the spectra of ordinary chondrites. In fact, so far, no large asteroid has been identified as the source body of the ordinary chondrites, though a few small bodies are suspect.
· What is a differentiated body?
· You do not need to memorize the various material that make up Vesta.

The most thoroughly observed asteroid is 4 Vesta, Vesta is a differentiated body such that different layers have different mineral compositions


· Give an example of the kinds of features the spacecraft Dawn has observed on large asteroids.

To learn more about Vesta, NASA launched the spacecraft Dawn (powered by ionized Xenon atoms) in September, 2007; it was ‘captured’ into orbit around Vesta in July, 2011. Dawn produced amazing images of the surface (Fig. 12.6), revealing its complex impact history, crustal mineralogy, and morphology Dawn left Vesta, and moved on to the dwarf planet Ceres. Having arrived at Ceres in March, 2015, Dawn is now spiraling in ever closer to Ceres, giving us new high resolution imagery. One of the first observations made by Dawn as it approached Ceres was the presence of highly reflective spots within craters 


· What is an asteroid family? When two asteroids of unequal size collide, will the fragments come from the larger body or the smaller one?
· The destruction that occurs when planetesimals collide catastrophically produces fragments with a great variety of sizes. It is likely that one of the impacting bodies would have been much smaller than the other, and cratering studies show that the smaller projectile experiences far greater stresses than the larger target body. The resulting pulverization or melting of the smaller projectile means that only one asteroid (the larger body) forms the majority of observable fragments resulting from the collision.
· Hirayama surmised that the breakup of an asteroid into a collection of fragments, which he called a family, would result in similar orbital characteristics for these bodies. In practice, corrections must also be made for minor orbital perturbations caused by nearby Jupiter. This results in what are called proper orbital characteristics. On the basis of similar proper orbital features, Hirayama was able to recognize clusters of asteroids (Fig. 12.8), which we now refer to as Hirayama families. He hypothesized that the members of any one family were collisional fragments of the same original planetesimal.
a. 
· Do near Earth objects have circular or elliptical orbits?
· Some of the most interesting follow orbits that bring them close to the terrestrial planets – particularly close to Earth. These are broadly termed the Near Earth Asteroids (NEAs) or sometimes just Near Earth Objects (NEOs) (Near Earth Object is a bit more inclusive than Near Earth Asteroids simply because it can include comets).
· All follow highly elliptical orbits, and they are subdivided into categories according to the dimensions of their orbits, all are unstable orbits and will eventually hit something :o 
· 
· Define Atens, Apollos and Amors
· Atens: These asteroids have orbits less than 1 AU – which means that most of the time they are within the orbit of Earth, though they may cross Earth's orbit when they're at their farthest from the Sun.
· Apollos: Most have an orbit that brings them through the orbit of Earth (i.e., they cross Earth’s orbit), and these are particularly worth watching closely!
· Amors: These commonly cross the orbit of Mars; they get teasingly close to the orbit of Earth, but don’t cross.
· 
· What size of an impactor could cause global effects on Earth?
· Many dozens of Apollo objects have known orbits, and none of those will hit Earth in the immediate future. The bad news is that there are about 1000 of these near-Earth asteroids larger than 1 km in diameter, the minimum size of an impactor that could cause global effects on Earth.
· 
· What are Trojan asteroids?
· The icy asteroids of the outer Solar System seem to be widely scattered, but Jupiter ushers two groups of asteroids within its own orbit. These non-belt asteroids have become trapped in the Lagrangian points along Jupiter's orbit (Fig. 12.9). These points lie 60° ahead of and 60° behind the planet and are regions where the gravitation of the Sun and Jupiter combine to trap small bodies. Like cosmic sink-holes, the Lagrangian points have trapped chunks of debris now called Trojan asteroids and named after the heroes of the Trojan. Slightly over 1000 Trojan asteroids are known, but only the brightest have been given names.
· other planets may have Trojan asteroids trapped in their orbits.
· 
· What is the definition of a PHA?
· Definition: a PHA is an asteroid of minimum 150 m diameter and comes closer than 0.05 AU to Earth. As of August, 2012, there were 1,325 PHAs mapped.
· [bookmark: _GoBack]
· You do not need to memorize the Torino Scale, but you should have an idea of what it means as you move to higher and higher numbers.
Chapter 13 - Meteorites
1. What are the sources of meteorites that we have found on Earth? How representative of the sources are the samples?
2. What is the difference between a find and a fall?
3. What is the difference between irons, stony-irons and stones? Which is the most commonly found on Earth?
4. Within the Stones category, what is the difference between chondrites and achondrites
5. What is a chondrule?  How might they have formed?		
6. Why are scientists so excited about studying carbonaceous chondrites?
7. What is the difference between an achondrite and a primitive achondrite?
8. What are the possible sources of micro-meteoroids (a.k.a. interplanetary dust)
9. How does a meteor shower occur? What is the difference between a meteor shower and a fireball?
10. How is the light of a fireball formed? Why do the colours change?
11. Are meteorites hot when they land? Why or why not?
12. How does the atmosphere slow a meteoroid’s momentum?
13. Explain how a meteoroid’s mass and velocity affects its momentum and kinetic energy
14. Many meteors are destroyed in the atmosphere before the reach the Earth’s surface – what kinds of meteors (size, speed) are more likely to survive?
15. How does atmospheric friction affect the surface of the meteorite?
16. Where are meteorites on Earth often found and why?
17. What techniques do we use to analyse a meteorite?  What can we learn from these tests?

Unit 5 Introduction – The Gas Giants

1. Definition of a gas giant planet (a.k.a. Jovian planet)
2. What are the 4 gas giants in our solar system?
3. What are the common features shared by the gas giants?
4. How/when do the gas giants form
5. What did we learn by watching the Shoemaker-Levy 9 comet impacting Jupiter?

Chapter 14 – Jupiter

1. How do we know that Jupiter is big?
2. How do we know that it is hot?  Why does is have a high heat flow (what is the internal heat engine)?
3. Describe what we observe happening on Jupiter’s surface.  What energy is driving the turbulence in the atmosphere?  How does this differ from how weather patterns are driven on Earth?  What is the Great Red Spot?
4. Why did scientists crash the Galileo spacecraft into the surface of Jupiter?  What did we learn during this descent?
5. Jupiter is primarily composed of hydrogen in various states (e.g. gas, liquid etc.)  Describe the structure of the planet (e.g. Fig 14.6).  Does the liquid hydrogen ocean have a surface?
6. Does Jupiter have a magnetic field?  How might it be formed? 
7. How does the magnetic field interact with the solar wind and what implications does this have for life (e.g. humans visiting the planet or alien life on the moons of Jupiter)?
8. Explain how the dark belts and bright zones form in Jupiter’s atmosphere.  
9. What are the 3 classification of satellites (for Jupiter’s satellites and elsewhere)? Compare the characteristics/formation/orbits of each kind. 
10. What are the 3 principles in comparative planetology?
11. Name the 4 Galilean satellites orbiting Jupiter:
a. Callisto – ice and rock, undifferentiated interior, little radioactive heat may melt some ice, only weak magnetic field
b. Ganymede – silicate rock and ice, completely differentiated with molten iron core, surface of ice covers a salty liquid water ocean, generates its own and magnetic field.  Has an oxygen-rich atmosphere. 
c. Europa – rock and metal, metallic core, no magnetic field, temporary atmosphere formed as ice is abraded by Jupiter’s radiation.
d. Io – iron rich core and silicate mantle, partially molten, temporary atmosphere from volcanic gases
12. Compare the structure of these 4 main satellites to each other with particular attention to how the size of the satellite and its proximity to Jupiter determine:
a. If the body is differentiated (related to heat source, which varies among satellites)
b. If there is a liquid core (and consequently a magnetic field)
c. If there is an atmosphere
d. The density/composition of the satellite
13. Why do Europa and Io have few craters (two different reasons)?
14. Which of these satellites might have some possibility of supporting life? Why?
Chapter 15 – Saturn and Family
1. Why is it hard to view Saturn’s surface?
2. How did the Cassini Huygens spacecraft get enough energy to reach Saturn’s orbit?
3. Why is Saturn less dense than Jupiter?
4. What is the interior structure of Saturn (e.g. core and various layers)
5. What is causing Saturn to generate heat?
6. Saturn and Jupiter are similar in that there is no clear division between the atmosphere and the surface of the planet.  Be sure you are aware of why this is happening. 
7. What are the 2 main components of Saturn’s atmosphere?
8. Explain why the atmosphere has visible belts and zones (same as on Jupiter)! 
9. Explain the 3 levels of cloud formation on Jupiter and Saturn.  On which planet are the clouds higher in the atmosphere and why?
10. Does Saturn have a magnetic field?  If so, what causes it?
11. Why are there “gaps” in the rings of Saturn?
12. What are the rings composed of?  Do other gas giants have rings? Compare differences in formation of rings among the gas planets.
13. Why are the rings orbiting Saturn’s equator rather than spread in a haze about the whole planet?
14. Do we know what causes the appearance of “spokes” on the B ring?
15. Do collisions of particles in the rings make particles larger or smaller?  Explain. 
16. Outline the evidence that suggests the material in Saturn’s rings is young.
17. What the argument that suggests the rings might be old?
18. What is a possible source of the water/ice in the rings?
19. Titan has an atmosphere and continents making it intriguingly like Earth.  Let’s compare some of their properties:
a. What is the composition of Titan’s atmosphere?
b. Is the surface hot or cold?
c. What is special about the volcanic activity on Titan
d. What is the source of methane in the atmosphere on Titan vs. Earth?
e. What are Titan’s dunes composed of?
f. Does Titan have the ingredients required for life?
20. Which of Saturn’s satellites looks like the Death Star from the Star Wars movies?
21. What processes result in Enceladus having liquid water at the surface?
22. What is a shepherd satellite and how do they stabilize rings?
Chapter 16 – Uranus and Neptune
1. Why are Uranus and Neptune considered “ice giants”?
2. Do these planets have rings? What might be the source of material for the rings?
3. Contrast the internal heat of these two planets.  Why might Uranus be cold? Where does Neptune’s heat originate?
4. Neither Uranus nor Neptune can be seen from Earth with the naked eye – Explain (in general) what theories were used to predict their locations.
5. What is unique about Uranus’s rotation, what caused this and how does this affect its seasons?
6. What is the internal structure (and compositions of layers) of Uranus and Neptune?
7. Why do Uranus and Neptune have less hydrogen and helium than Saturn and Jupiter?
8. Do these planets have magnetic fields? What creates them?
9. What in the atmosphere makes the planets appear blue-green?
10. Uranus has a belt-zone cloud pattern (as also seen on Jupiter and Saturn) – we keep seeing this theme – it would be prudent to understand how/why these form.
11. Although Uranus and Neptune have similar atmospheres, Neptune is a bit hazy – why?
12. What is the difference between conduction, convection and radiation?
13. Uranus’s main satellites include Oberon, Titania, Umbriel, Miranda and Ariel.   Let’s consider them all together:
a. Some of these have evidence of being tectonically active – what is this evidence?
b. What is the heat source that would drive active tectonics?
c. What makes some of these satellites dark in colour?
d. These satellites have icy surfaces – how well does ice preserve evidence of geological events (e.g. collisions or tectonics)?
14. Triton is a satellite of Neptune:
a. Why might Triton crash into Neptune?
b. Triton is very cold – what element is liquid on the planet and how does this affect surface features?
c. Why does Triton have an atmosphere?
d. What is a probable source of heat that drives activity on Triton?
Unit 6 Introduction: Plutoids, TNO’s and Comets
1. Definition of a plutoid
2. What is the name of the plutoid that is bigger than Pluto?
3. Comets:
a. What are they made of?
b. Describe their orbit
c. Where is the orbit anchored?
Chapter 17: Plutoids and TNOs
1. What are the names of the 4 dwarf planets classified as plutoids?
2. Why was Pluto demoted from planet status?
3. What is a Trans-Neptunian Object?
4. Where are the Kuiper Belt and the Oort cloud?
5. What is the name of the spacecraft that recently passed Pluto?
6. Describe the technique of blink-comparison that was used to originally find Pluto
7. What is Planet X?
8. Is Pluto always farther from the Sun than Neptune? Why or why not?
9. What 4 kinds of ice on found on Pluto’s surface?
10. Why is Pluto’s surface not heavily cratered?
11. Does Pluto have an atmosphere?  How is it created?
12. What is the structure of Pluto’s interior (as far as we can tell right now)?
13. Is Charon a satellite of Pluto? Explain your answer
14. On both Pluto and Charon, water is so cold that it behaves like rock
15. Why is there almost no methane on Charon, while Pluto has lots?
16. What is the main kind of ice on Charon?
17. Does Pluto have satellites?
18. What do we know about the composition of Eris?
19. What is the Scattered Disc? 
Chapter 18 – Comets
1. What are comets?
2. Where do they come from?
3. What are they made of?
4. What do comets represent?
5. As well as possibly being the main source of water to the inner planets, they may also have been the source of many of life’s basic building blocks (amino acids particularly).
a. Why would life not be able to survive on a comet?
6. What are the 4 parts of a comet, what are they composed of, and how do they form?
7. How are comets related to meteor showers?
8. Which direction does each of the tails point?
9. What is the difference between long-period and short-period comets?
10. Why are the lives of short-period (active) comets limited?
11. What is the typical life span of a short-period comet?
12. Where in our solar system are comets formed?  Are they old or young?
13. What is the Kuiper belt? How did it form?
14. For what two reasons is the Kuiper belt significant for the study of the solar system?
15. How do icy Trans-Neptunian Objects become comets? (2 ways) – How do we tell which process created individual comets?
16. What is the Oort cloud? How did it form?
17. Based on their orbits, how do we know that long-period comets come from the Oort cloud?
18. What is Comet Halley coated with? What is at the surface of Comet Borrelly?
19. Have we ever collected material from a comet?  What material did they find?
20. Did you listen to the comet song?
21. Can comets carry viruses?
22. Why has Halley’s comet one of the most well known comets by humans?
23. Can you see comets with the naked eye?
Unit 7 Introduction: Life in the Universe
1. What are the 6 possible places we hope to find evidence of life in our solar system (other than Earth?
2. What do we think life requires to develop?
Chapter 19 – Life in the Universe
1. Why does living matter need energy?
2. What is the simplest life form we are aware of?
3. Is a virus a life form? Why or why not?
4. What is a cell?  What are nucleic acids composed of?
5. What is the role of DNA? RNA?
6. Why is life on Earth (and probably elsewhere) carbon based instead of silicon based?
7. Describe how the process of natural selection results in the evolution of species.
8. What is our definition for “Life”?
9. What was the miller-Urey experiment?  What did they create (and how)?  What was the significance?
10. What evidence of life has been found (or claimed to have been found) in meteorites?
11. What is the primordial soup?
12. How/where  might have amino acids linked together to form larger molecules?
13. How old are Earth’s oldest fossils?
14. Stromatolites, some of the earliest complex organisms, produced oxygen which was toxic to them – how did they survive?  Is this process still happening today?
15. What is the difference between a prokaryote and a eukaryote?
16. Why do we need ozone?  How did life survive before there was enough oxygen in the atmosphere to create ozone?
17. What is the Cambrian explosion and when did it happen?
18. When looking for life elsewhere in the solar system or universe why do we look for liquid water?
19. What conditions prevent life on the planet in the inner solar system (terrestrial planets) versus the outer solar system (gas giants)?
20. What are the arguments for/against life on the satellites Europa, Ganymede and Titan?
21. Why were scientists excited to see methane on Mars?
22. Was/is there liquid water on Mars?
23. Under what conditions is it possible that life on Mars and Earth would be similar?
24. When looking for planets outside of our solar system that might have life, what characteristics scientists look for?  What is the goldilocks zone?
25. Why is it unlikely to find planets with life orbiting:
a. Binary stars
b. Large stars
c. Small stars?
26. Astronomers have been searching for other planets that might have the right characteristics for life – have they found many potential candidates?
27. What are the drawbacks of communication with other planetary systems by radio waves?
28. What are the 3 common characteristics of a mass extinction on Earth?
29. By the end of this chapter you should have a good idea of the physical properties of planets that might support life, but also pay attention to the time factor – how long did it take for life to evolve on Earth?  What about intelligent life? Given that planets can move out of the goldilocks zone or that all life can be wiped out by an extinction event, finding intelligent life elsewhere will be difficult.  
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