Earth Science Second Term Notes:

Chapter 10 – Venus:

· often called the evening or morning star, because its only visible for 3 hours after and before sunset/sunrise
· little can be seen of Venus, its layers of clouds
· nearly same size as Earth, called Earth’s twin
· 23 spacecrafts have flown near or orbited Venus
· the surface of Venus is drier than any desert on Earth and 2 times hotter than an oven
· Magellan was first space probe to give info from Venus
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· second closest planet to the Sun and nearest to Earth
· orbit around Sun takes 225 days to complete
· most circular elliptical orbit
· Venus lies on same path as earth, different by 31/2 degrees
· Rotates clockwise once every 243 days
· One Venusian day is 117 Earth days
· Completely covered with thickblanket of clouds of liquid and solid sulfur and sulfuric acid
· Below the sulphuric acid layer its 96% carbon dioxide, 3.5% nitrogen, 0.1% water vapor, 130ppm sulfuric dioxide and 60ppm of free oxygen – which shows that Venus at one time had water but has since lost it
· Atmospheric pressure at surface on Venus is 90 times greater than on earth
· Venus’ atmosphere is unstable, streams of electrons coming from Sun collides with particles in atmosphere of Venus and energizes them, then blasts them off into space
· Venus has a greenhouse effect, Co2 is transparent to in-coming light energy but opaque to out-going infrared energy. greenhouse effect begins with incoming short wavelength light energy from Sun warming a planet’s surface, but ends with a surface growth of heat because of the inability of the long wavelength infrared energy to escape a co2 rich atmosphere and return to space. End result is that Venus has a unform surface temperature of about 462 degrees C
· On earth, co2 originally came from volcanic emissions, and the same thing happened on Venus
· There used to be a ton of water on venus. When UV rays hit an H2O molecule, it breaks up into H and OH, hydrogen has 2 stable isotopes: normal Hydrogen (mass number 1) and Heavy Hydrogen (Deuterium mass=2). The gravity on Earth and Venus is such that H atoms can escape but the lighter ones escape better than the heavy. 
· There is 150 times more Deterium per atom of Light hydrogen in Venus’ atmosphere than in Earths. Also, Venus Express detected OH in the Venus atmosphere, only other planet to have this is Earth. This means Venus once had a ton of water that has since broken down to atomic form. 
· Without an ozone layer to protect the atmosphere from UV radiation, the water was broken up and the H was lost to space. The released oxygen resists in the soil
· So Venus is now a deadly dry world.
· Venus cannot clear its atmosphere of CO2, soothe greenhouse effect intensified and things like sulfur and chlorine have been baked into rocks and acid vapors
· Earth avoided this fate by being farther from the Sun. 
· There is speculation that primitive life bacteria may exist in the continuous clouds of Venus
· Impact Craters: relatively few impact craters on Venus, most of them are all medium to huge
· This is a result of the planets dense atmosphere, little ones just burn up
· The more craters, the older the surface is – so Venus appears to be young. They are rarely filled with lava, indiciating they formed after a recent major volcano
· Crater surface roughly 650 million years old but the planet is close to 4.5 billion years old
· Shows there was a resurfacing about 650 million years ago
· Surface is either clusters of small volcanic omes or blocky ridges or valleys
· Huge domes are called coronae – thought to be formed by mantle plumes that bring magma right up under the crust, then partially subside
· Pancake volcanoes – are volcanoes that appear as flattened domes, they are formed by viscous magma and are flattened by the high atmospheric pressure. Hundreds of these together are areas called shield fields
· Key to geology of venus is heat. On earth plate tectonics allow heat to escape from the mantle. Venus, lacking any plate tectonics, builds up immense heat and like a gigantic pressure cooker boils over sometimes into volcanic eruptions that resurface the whole planet. Sometime 300-500 million years back the whole planet was resurfaced
· Rocks are stronger on Venus because there is zero water content
· Prior to Venus Express, missions to Venus found no evidence of magnetosphere, or magnetic field
· Venus Express detected a weak magnetic field. However it doesn’t come from the interior of the planet, it’s the interaction between the solar wind and the atoms of the upper atmosphere that creates it
· Earth, moon and mercury passed thru same stages of history 1. Differentiation, cratering, flooding, slow surface evolution
· Venus however, is different from these. Dense core similar to earths, except there is no magnetic field.

Chapter 11: Mars
· canali – channels of Mars – misunderstood as canals of mars
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· a day on mars is almost the same length as earth, 40 mins longer
· a year lasts 1.88 earth years
· both planets have seasons because they are tipped almost equally
· when spring comes polar caps shrink – visible thru telescope
· how did we get to find out about mars?
· Currently the Odyssey, Express and Reconnaissance Orbiter examining Mars
· First ships to examine mars were the Viking1 and 2 and Pathfinder in 1996
· Spirit and Opportunity are mars rovers on the ground
· Air on mars is 95% carbon dioxide, 3% nitrogen and 1% argon
· Contains miniscule traces of water vapor and oxygen, and its density at the surface doesn’t have enough pressure to rpevent liquid water from boiling into vapour. If you stepped outside on mars your blood would boil
· Originally, mars had a primitive atmosphere of H and He, with a bit of argon, neon, methane and ammonia
· Once the solar system began to take shape, leakage of primitive atmosphere would have been rapid to be replaced by a secondary atmosphere of volcanic gases
· Atmospheres of venus, earth and mars were all produced by same mechanism
· All three share almost identical secondary atmospheres
· Mars’ atmosphere is so thin and dry, while the surface is rich in oxides  because mars is smaller than earth so it had less internal heat to drive geological activity, and it has not out-gassed thru volcanoes as much as Earth
· Mars is small, cooled rapidly, and now releases little gas
· How much atmosphere a planet has depends  on how fast it releases internal gas and how fast it loses gas from its atmosphere and the rate at which a panet loses gas depends on its mass and temperature
· The bigger the planet the stronger its gravity, and thus the higher its escape velocity and more difficult it is for gas atoms to leak to space
· Thus gas atoms can escape from mars (since its smaller and has smaller escape velocity) much more easily than from Earth
· 4.5 million years old planet
· Mars has lost many of its lower-mass gasses
· Mars doesn’t have an ozone layer so water vapor gets radiated from UV rays
· Hydrogen escapes, and the Oxygen (both of these from the broken up H2O elements) forms oxides with iron in the soil. Hence making it the red planet.
· Mars has no magnetic field, and a thin atmosphere, so the solar wind interacts with the atmosphere AND the planet surface. 
· Mars clouds and winds:
· Morning, mars areas are warmed by the sunlight and emit water vapour into the air. Then the vapour freezes to form clouds or ice crystal. This freezing creates a winter polar hood of CO2 clouds and haze (co2 ice particles) hanging over the polar regions
· This process of local heating causes winds summer dust storms. Tiny dust devils or storsm are common on mars.
· Oxygen humans breathe is locked into the soil on mars.
· Saltation: mars winds carry mars dust grains and enable them to hop eratically over the surface
· Dune fields – large masses of wind-sculpted dunes
· Water is hidden in crust, but not evident on mars
· There are gullies that were likely caused by water movement within the past few years
· Deuterium – the heavy isotope of hydrogen, was detected in the atmosphere of Mars to know that mars once had really abundant liquid water
· Left are ice caps at poles, permafrost below surface, water chemically bound to other elements in rocks, and tiny amounts of water vapour
· Polar ice caps 200-1000 metres in diameter
· Meteors from mars that have fallen to earth have been identifie as basalts which contain 1.8 percent water
· Used to contain a huge ocean on mars
· November 14 1971 Mariner 9 became first spacecraft to orbit Mars
· 1976 Viking 1 and 2 first touched planet
· martian volcanoes are shield volcanoes (shape like a warrior shield, formed by low viscosity flows of lava)
· largest volcano on mars is Olympus Mons – has not sunk into crust of Mars which shows that the crust of Mars is thicker than earth
· Valles Marineris is a network of canyons on Mars
· Largest block within this canyon is the Thrasis Rise
· Alpha Proton X-Ray Spectrometer on Pathfinder measures composition of 9 rocks. 
· These rocks turned out to be igneous, not basalts, and were volcanic
· They were andesites – classified by their silicon content
· Many dried up waterbeds contain sulfite, and evaporite minerals, which are key clues to old water 
· Duricrust – flaky layers of martian dust with 100 times the sulfur content of average earth dust
· Red Iron Oxides- oxidation of iron materials creates red coloured dust. 
· Red beds – deserts of red iron dust in the U.S.
· Blueberries – small spherules scattered over soil like pellets. A blue0gret colour. 
· Mars has an interior core with a 45% radius of the planet
· Its rich in low-density contaminants like iron sulfide and magnetite
· Mars core is not solid, but a thick syrup, which means the planet hasn’t totally cooled
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· Martian Geological Eras: 
· Noachian Era: earliest era, characterized by thick atmosphere, high cratering rate, heat flow, volcanoes, fluvial activity, glacial activity. 4.5 billion years ago to 3.5 billion years ago.
· Hesperian Era: middle era, last water flows, erosion episodes, 3.5 until 3.3. billion years ago
· Amazonian Era: modern, dry, dusty, frozen era. 3.3. to 2.9 billion years ago. Until present. Some active geology.
· Developmental history of Mars:
· 1. Planetary Evolution: planet differentiated into core, mantle, crust. No magnetic field so core cannot contain much molten iron. Mars may have once had gravity and molten iron core
· 2. Cratering: crust of mars battered during the LHB as the last debris of solar system was swept up. 
· 3. Planet formation: flooding including floods by lava flows into regions and smooths out planet surface
· 4.crust of mars became too thick to be active, planet lost internal heat, lacks molten core, too thick for plate tectonics
· early atmosphere was thicker and liquid water carved out erosional features
· mars became a permafrost frozen world
· Satellites of Mars: Mars has 2
· Phobos and Deimos
· Phobos is ahalf as large as Moon
· Deimos is 1/15th as large as Moon
· Both are tidally locked to mars, same side always faces
· Phobos orbits faster than mars rotates
· Both small and rocky
· Properties hint they captured asteroids
· Stickney – largest crater on Phobos
· Deimos has no craters or grooves
· These 2 satellites illustrate that 1. Some satellites are captured using asteroids 2. Small satellites tend to be irregular in shape and cratered 3. Tidal forces can affect small moons and change their orbits

Chapter 12: Asteroids
-primordial objects leftover from the formation of the solar system
-most found in the gap between Mars and Jupiter known as Main Asteroid Belt
- there are potentially hazardous asteroids as well
- last years of the 18th century 24 astronomers were searching for the missing planetthey thought existed
- they discovered 4 asteroids
- by 1891 astronomers were using successive photos to look for asteroids moving – creates streaks
- astronomers called them vermin of the skies
- Lincoln Near Earth Asteroid Research (LINEAR) telescope created in 1998
· this uses a electro-optical detector with a charge coupled device (CCD) that records very faint images
· it discovered 50-75 asteroids a year
· estimated between 750,000 and 1.7 milion individual asteroids in the Main Belt that are larger than 1km in diameter
· also 5500 Near Earth Asteroids not in Main Belt
· when an asteroid is discovered it is assigned a number – Ceres is 1
· originally asteroids formed throughout inner solar system, were spread out al over solar system, when the planets formed, their gravitational forces changed this
· asteroid material was gathered up by the forming planets, or were flung outward with the influence of Jupiter, or were affected by the LHB
· Jupiter formed early in the solar system, and a planet that large forming far from the sun had an effect on the asteroid belts location
· Planetesimals formed there but gravitational pertubations from Jupiter prevented them from turning into one big planet
· There are large gaps in the asteroid belt – they re known as Kirkwood Gaps
· The distances between the asteroids correspond to orbitals periods of the planet Jupiter
· Overall gravity of the Sun and gravity of Jupiter both affect the asteroids, over time, these forces make an asteroid swing outward or inward from Jupiter, leaving a gap where it used to be.
· Asteroids entering the Kirkwood gaps are booted out and into orbit
· The gaps are open doors through which meteroids and asteroids can escape Jupiters influence and come to Earth
· Classifying asteroids:  those closer to Sun are brighter and have higher metal content, those farther from Sun are darker and richer in carbon
· First base classifiation on the samples of the asteroids. 93% of asteroids are composed of silicates (silicon plus oxygen) 
· seems reasonable that the meteorite samples we receive on Earth represent the asteroid belt components right? So we use the samples. But since we have no assurance that the meteorites we look at represent the whole population of asteroids, this technique is least reliable.
· Often in larger asteroids the insides were heated, and thus teir interiors melted and geochemical processes occurred. Sometimes iron sunk to the centre, forming an iron core and erupting basaltic lavas on the surface
· 4 Vesta is an example of this
· second we can also base our classification off the way sulight reflects off the surfaces off asteroids. The albedo (proportion of light reflected from an object; the range is 0 or black to 1 perfectly reflecting)
· third is to use instruments which break own the reflected light into a pectrum, and collect albedo numbers. Spectrographs are used. 
· Classification scheme: 
· C Type – high carbon content or carbonaceous – 75% of known asteroids
· S-type – high Silicon or silicaceous – 17% of known
· M-type – metallic, most of the remaining asteroids
· P-type and D-type – characteristic of outer asteroid belt – contain ice water
· Its quite difficult to match asteroids back to their parents. 
· Most asteroids have low albedos, therefore are dark these are carbonaceous asteroids with dark carbon minerals
· Scientists ground up all different types of asteroids , found similarities between the asteroids and the meteorite samples.
· E – type asteroids have highest albedo, 
· Scientists have identified a few meterotites that seem to match some asteroids, so we can place them in their proper posiions within the belt
· There is a direct correlation between composition and distribution in asteroid belt
· More than 75% of the asterids are C type, with water in their mineral structures, these range from the middle ot the outer part of the belt
· The S-type asteroids are frequent visitors to earth, but aren’t in fact so common in space
· We cannot rely on our meteorite collections to tell us the true ratio of asteroids types
· Vesta is the most thoroughly observed asteroid. Sometimes visible to unaided eye. 
· It changes reflection spectrum based on rotation and mineral composition
· Eucrite material (basalt flow) and diogenite material (non volcanic igneous rock) both make up Vesta
· Vesta was struck several times in history, has large impact craters which mark its equater. 
· Hypothesis has been formed that a large impacter hit Vesta and although not big enough to break vesta apart, it created a 13 km crater deep and sent chuncks of Vesta into space to orbit the Sun. the rocky debris from this collision continues to reach Earth.
· When planetesimals collide fragments are produced, though it is difficult, it is possible to reconstruct the puzzle of where these particles came from through Japanese astronomer Hirayama’smethod
· Hirayama surmised that the breakup of an asteroid into fragments which he called a family would result in similar orbital characteristics for them
· He was able to recognize clusters of asteroids based on their similar orbital features. These cluters are called Hirayama families
· He hypothesiszed that the members of any family were collisional fragments of the same plnetisimal. To date 19 families have been defined.
· Non-belt asteroids: 
· Some asteroids are outside the Main asteroid belt. 
· Near Earth Asteroids or Near Earth Objects are ones that are closer to earth
· they are divided into subcategories according to the dimensions of their orbits
· all of them spend at least some time between 0.963AU and 1.3 AU (1.0 AU is earths location)
· none last more than a few million years, 
· Atens: most of these asteroids have an AU less than 1 – they orbit within the orbit of Earth
· Apollos: forbit brings them through orbit of Earth
· Amors: Commonly cross the orbit of Mars – don’t cross earths orbit but get close
· All are dangerous because they interact with the gravitational influences of planets. Most get thrown into the sun, some are ejected from solar system, but some hit earth.once every 250,000 years earth is hit by one
· 1994 massive meteor hit over the south pacific
· non-belt objects in the outer solar system: Chiron – found in 1977 
· orbits Uranus to outside of Saturn
· Trojan Asteroids: asteroids which are trapped in Lgrangian points along Jupiters orbit. 
· Potnetially Hazardous Asteroids (PHA)
· An asteroid of 150m in diameter than comes closer than 0.05AU to Earth
· Currently 959 of them
· Torino scale is a scale that determines how dangerous these are
· Toutatis: Doomsday Asteroid – one of the largest known asteroids that croses Earths path 4178 Toutatis
· First dedicated asteroid probe – NEAR Shoemaker (Near Earth Asteroid Rendezvous)
· job was to encounter and orbit Eros for a year
· successfully completed the mission
· Mathilde- first carbon Ctype ateroid ever seen. Few billion years old.
· Gaspra: October 1991 asteroid 951 Gaspra visited. Stype

Chapter 13: Meteorites:
· some of the meteorites collected are actually chips of moon
· some meteorites collected are chips of mars
· 2 categories of meteorites: finds and falls 
· finds: a meteorite that is found that we have no idea the history of
· falls: meteorites whose fall through the atmosphere has been witnessed
· meteorites named for the geographical location in which they have been found
· iron, stony-iron, stones – least sophisticated way of classifying according to general mineral content
· irons consist of almost entirely iron +nickel metal alloys, 
· stony-irons: 50/50 mix of metal alloys and non-metallic silicate/oxide material that looks like ordinary stone
· stones: full on stones
· new method of naming: irons should be siderites, stony-irons should be siderolites, stones should be aerolites
· chondrites and achondrites: chondrites are made of cosmic sediment, achondrites are igneous rocks that have been partially melted and recrystallized
· CHONDRITES:
· Comes comes from Greek chondros, meaning grains or seeds, refers to the small rounded inclusions in chondrites called chondrules 
· Chondrites are poorly blended combos of chondrules, random compounds, shiny grains of metal alloys, and metal sulfides
· Carbonaceous chondrites contain carbon, and look ‘sooty’  their chemical combo resembles the Sun most closely
· It is in scientists’ interst to know when and where the fluid/temperature alteration of chondrites took place so we can determine parent bodies
· These meteorites were blased away from parents and pulled in by earths gravity
· 
· Accretion-process of clumping together the various products appearing in chondrites
· CHONDRULES:
· Small spherules in chondrite meteorites
· Many ideas on how theyre formed: some believe they are condensed from a hot cloud of gas and dust early in the solar system by a flash melting of dust
· Carbonaceous matter: contain a lot of organic compounds as well as carbon. Shows that it is possible that life was brought to earth from somewhere else (only possible)
· Achondrites: when fragments from space collision fall to earth as the product of crystallization from magma, its an achondrite
· If it’s a chunk of the residual product its called a primitve achondrite
· Achondrites are subdivided into eucrites, shergotites, aubrites, howardites and more
· Meteors:
· Interplanetary dust particles: float around space, are pushed out of solar system by Sun, but are replaced by asteroid collisions and comet tails.
· Meteor showers: when meteors from one place rain down into earths atmosphere
· Great Leonids shower: 1833 huge meteor shower
· 2 spacecrafts, Pegasus and IRAS were sent to detect amounts and locations of dust that contibute to micrometeors
· showed that colliding asteroids are a major source of space dust
· different type of cosmic dust retrieved from ocean floor. 
· Fireballs: produced by large chunks of rock and iron getting knocked of asteroid parent bodies by collisions. Light is produced by burning of the body itself and the incandescence of the atmosphere around the burning mass
· Temperature reaches more than 1650 C
· Ablation: eroson process by removing small masses
· As the heating continues, as the meteorid approaches earth, the air around the incandescent rock ionizes, and loses electrons, as the atmospheric gases recapture electrons they release light, and the air itself becomes incandescent. 
· Colours are often seen during fireballs, as the composition of the vaporizing material and the composition of the luminous air surrounding it give off coours
· The atmosphere acts a brake and reduces the velocity of the meteor, the meteor normally hits the ground cold as the heast only lasts a few seconds
· Speed of meteors hitting earth often fall between 16 and 42 km per second
· All meteors posses inertia, and gain momentum. The atmosphere reduces the momentum by creating drag, and slowing velocity. The meteor begins to loss mass through ablation
· The kinetic energy = KE=1/2mv2
· The greater a meteors mass thegreater its kinetic energy. it varies with the square of its velocity
· Fireballs produce sounds, a whomping or hissing sound. 
· Regmalypts are depressions like thumbprints formed by ablation on meteors
· Fusion crust: a layer usually a mm thick, of glass that’s melted onto a meteor
· Meteors belong to whoeers land it falls on. 
· Petrographic microscope: looks inside a meteor slice
· Electron microscope: chemically analyzes using beams of electrons to tell us what elemtns are present in what volume in meteors
· Mass spectromoter: ages meteors
· Most chondrites are 4.56 billion years old.

Chapter 14: Jupiter & Family:
· 3 times larger than the next largest planet
· Great Red Spot: swirling vortex of clouds on Jupiter
· Covered with ivory and salmon-pink clouds
· 63 satellites orbit the planet
· Io, Europa, Ganymede, Callisto the most important: Galilean Satellites
· 1979 it was discovered that Jupiter has rings composed of dust particles
· Metis, Adrastea, Thebe, Amalthea are Jupiters smaller inner satellites
· Missions to Jupiter:
· Pioneer 10: 500 images of Jupiter and family 
· Pioneer 11: fly by in 1974, took better photos
· Voyager 1 and 2: many images brought back, showed 9 actie volcanoes, also first to discover Jupiters rings
· Galileo: only craft to orbit Jupiter, studied the atmosphere, found a possibility of microbial life on Europa
· New Horizons: 2006, headed for Pluto, took some good photos of Jupiter
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· Jupiter maintains an upright stance, only 3 degrees of obliquity
· Rorates in 10 hours
· Most of the planet is liquid, doesn’t have a hard surface, has a detectable oblateness (ie bulges at equator)
· Covered with gas, inside is a hydrogen-rich atmosphere, then liquid hydrogen then to metallic hydrogen then heavy metal core
· Jupiters heat energy comes from the slow escape of gravitational energy released during the planets feeding frenzy on any small things around it at formation
· As the planet took shape some of the gravitational energy was converted into heat in the interior, that heat is still slowly leaking gout through the planets heavy atmosphere, resulting in the emissions of heat we observe
· Jupiter has an odd magnetic field, not sure how its generated but has to do with differential motion by the different states of hydrogen. Strongest except for parts of the Sun. it traps electrically charged particales from the solar wind and shapes them into a teardrop form of magnetosphere of radiation around the planet.
· Rings and satellites occur within this radiation. This magnetosphere produced auroras where charged particles in magnetosphere leak downward along magnetic field and enter the atmosphere
· Atmosphere:
· Jupiter has a ton of liquid hydrogen, but the atmosphere, temperature, pressure and density would rise and the gas would become a fluid, but without waves or surface. It’s the largest ocean in the solar system
· Galileo’s Atmosphere Structure Instrument arrived on Jupiter, and recorded very thick winds and turbulence. This confirmed theory that the energy source driving Jupiters circulation phenomena is heat escaping from core.
· Composition of Jupiters atmosphere showed lower than expected levels of helium, neon, carbon, oxygen and sulfur
· No data to suggest water
· Clouds on Jupiter divided into belts and zones
· Zones tend to be white or yellow, belts are reddish brown
· Temperature of the dark belts higher than the light zones
· Belts appear to be regions of descending gas (lower pressure)
· Zones are regions of rising gas
· Each hemisphere has 6 bands with winds at high velocites in opposite directions, this accounts for turbulence between regions
· Dark belts contain small rising storm systems, concentric swirls
·  Colours of clouds caused by traces of compounds containing sulfur or phosphorous modified by sunlight
· Jupiter Family:
· Galilean Moons (4)
· Family contains 63 natural satellites
· 3 categories : regular, irregular, Trojan
· Regular Satellites: define the orbital reaches of a planets domain in space. Ie: Io, Europa, Ganymede, Callisto. They are round, large, stable, simple, circular, they move through a place in space equal to the planets equatorial plane, they are said to be formed out of the same nebula of gas and dust that built the planet at the same time, or they formed by collision ie Moon
· Irregular Satellites: captured asteroids or comets, pieces of young planetary hopefuls that didn’t fully form, they travel in packs often that indicate they used to be parts of larger objects, small, orbit at great distances and on odd trajectories, most probably been in orbit since host planet was young, nobody knows how they got captured
· Trojan Satellites: ahead and behind Jupiter are 2 packs of asteroids that orbit Sun but are also gravitationally bound to Jupiter. They do not orbit Jupiter, Mars and Neptune each control one, Earth has one too (2002 AA29)
· Galilean Satellites:
· 3 important principles: 
· 1. A body’s composition depends on temperature of the material from which it formed. 
· 2. Cratering can tell us the age of a hard surface
· 3. Internal heat has a powerful influence over the geology of these larger satellites.
· All these Galilean moons are tidally locked to Jupiter, they always same face the planet
· Callisto: outermost of the 4, half as large as Moon. Callisto is dark, dirty, icy, cratered, 50/50 ice rock combo, slow radioactive decay in interior may provide heat to melt some of interior.
· Ganymede: largest of the 4, larger than Mercury, composed of silicate rock and water ice. Has a molten iron-rich core, only planetary satellite in solar system to have a magnetic field, as a result of having a molten metal core. Has its own atmosphere, primarily oxygen and hydrogen. Very thin atmosphere. Likely formed after Jupiter, from disk of gas and dust around Jupiter. 
· Europa: smaller thanMoon, density of 3g/cm, mostly rock and metal (density increases as get closer towards Jupiter), surface of ice, free of craters,only 10 mil years old, is resurfaced occasionally, liquid water from a sub-ocean rises through cracks in ice and floods surface like a zamboni, some however, believe the top layer is replaced by a colder plastic layer of ice. Its too small to retain much heat from formation or radioactive decay, no magnetic field, no molten core, but it has undergone differentiation so it had to have heat coming from somewhere. It comes from tidal heating. We know this because the ice surface has cracks, showing convection beneath it which means its still active. Jupiter’s magnetic field drags the little satellite with it. Europa is bombarded with high-energy particles that damage the icy surface, water molecules are freed by this and broken up, the O and H are sputtered into space where they form a temporary atmosphere.
· Io: orbits closest to Jupiter, high density, bigger than Europa, core of iron plus or minus sulfur, similar mantle to earth 20% molten, brittle outer crust of silicate rock, geological activity driven by heat flowing from planets interior. No impact craters. 150 active volcanoes on surface, blasting sulfurous ash and lava over surface which fills in craters. Io bursting with energy, most volcanically active body in solar system, volcanism is virtually non-stop. 
· Io’s heat energy is from tidal energy. since its close to Jupiter, the tides are powerful, but Io, EUropa and Ganymede are locked in an orbital resonance , which keeps the orbits slightly elliptical and Io, closest to Jupiter, having dramatic tides. This friction melts the interior and drives further volcanism. The energy flowing outward continually recycles Io’s crust. 
· Io has a tenuous atmosphee of sulfur and oxygen, but the gases escape easily with a low escape velocy of Io. Io has a rapidly rotating magnetic field. 
· Amaltea: is not one of the Galilean Moons but is a small inner satellite
· Irregular Satellites: Amalthea was discovered by Lick refractor telescope
· its been colored red by contamination from Io, two bowl shaped craters
· On Europa, there is a legitimate chance of bacteria-like life, Ganymede as well.

Chapter 15: Saturn and Family:
· most distant of planets visible to the naked eye
· first Saturn mission was Pioneer 11 in 1979 , took photos and temperature of Titan its largest satellite
· Next came the Voyager 1 and 2, which determined the H and He levels, checked out winds and atmosphere patterns, found auroras at the pole (hence magnetic field) and got some good pictures of the rings
· Cassini-Huygens orbited Saturn
· Cassini-Huygens was built jointly by European Space Agency and NASA, launched in 1997, dependant on gravity assists from other solar bodies and a small plutonium nuclear reactor fuel cell
· Looped around Sun twice, stole gravity boosts from Venus and Earth
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· low density
· rotates as fast as Jupiter but is twice as oblate (has a rocky core)
· radiates 1.8 times as much energy as it receives from Sun, so we know heat is flowing out of its interior. Its hot inside
· Helium in the liquid hydrogen interior condenses into droplets and falls inwards. The friction of the falling droplets in the core heats the planet
· No distinction between atmosphere and planet
· Slow schange from gas to liquid planet
· Does not have a surface really. Impossible to land on it
· 91% of atmosphere is H, 6% is He, rest consists of nitrogen, ocygen, carbon etc
· belt-zone circulation colours the atmosphere caramel
· zones are higher clouds formed by rising gases, and belts are lower clouds formed by sinking gases
· saturns atmosphere much colder than Jupiter, Saturn receives much less solar energy
· Saturn has much stronger winds than Jupiter at up to 500m/s
· Three layers of clouds, upper layer has a high content of ammonia, second is ammonia hydrosulfide and the inner most is water clouds
· Saturns magnetic poles match the rotational poles. It’s a perfectly symmetrical magnetic field, the only planet to have this
· Much weaker field 
· Magnetosphere is an efficient deflector of the solar wind though
· Saturns Rings:  Galileo thought he was seing many planets, but Huygens realized it was one with rings
· Saturns Rings are named D, C, B,A,F,G,,E in order of discovery
· E, F ,G are faint and narrow
· Division between A and B is the Cassini Division
· Division is caused by gravitational perturbations by Saturns satellite Mimas
· Ring particles orbiting in the gap have a resonance with Mimas and over time are gravitationally nudged into new orbit which cleans out a section and creates the divide
· Millions of little particles in the rings
· Every ring orbits Saturn differently. 
· Rings are exactly above Saturns equator, 
· Dark radial features on the B ring Spokes – due to their likeness of spokes on a wheel
· These spokes are seasonal.
· Largest particles are near outer edge of the rings
· Origin of rings:
· Theory 1: rings created with Saturn
· Theory 2: rings are very young
· Voyager 1 discovered that the rings are made of same particles of same density, the ice blocks are fresh looking, and the water in the ice would deteroite over time due to sublimation – these all point to the rings being recent
· Possibility that the rings were once a satellite of Saturn whose orbit decayed until it came close enough to be ripped apart by the tidal force interaction with Saturn
· But recently its been discovered the rings are not totally the same, the density varies  which could mean that satellites are disintegrating, and replacing the rings material, keeping them always looking fresh so wed have no way of knowing how old they actually are
· Satellites: family of 60 for Saturn
· Titan  is saturns 1 giant one. Its an icy world larger than Mercury, is the largest satellite other than Ganymede in the solar system
· Mimas has a large impact crater, Iapetus also has one
· Enceladus orbital period of only 1.37 days, orbits close to Saturn and goes round and round quickly. Its small, gets resurfaced often, has icy fountains on it. -206 degrees, but the poles are warmer. No significant internal heater, so the heat comes from the frictional kneading of the satellite by the tidal attraction of Saturn.
· Shepherd Satellites: little satellites associated with the rings. They stabilize the rings its thought. Also they disaggregate to provide material for the rings and grow by accretion of the same material .Pandora and Prometheus are examples.

Chapter 17: Plutoids and TNOs:
· Pluto demoted from planet to dwarf planet status
· Ceres and Eris are both dwarf planets as well
· New category has been established, Pluto is now a plutoid which means “Pluto-like-trans-neptunian dwarf planets”
· Pluto and Eris only two in this new category
· SSSB- small solar system bodies has been updates to trans Neptunian object. This means that any size object in the solar system that orbits Sun at a greater distance than Neptune. Includes everything in the Kuiper Belt and the Oort Cloud.
· Percival Lowell looked for a ‘new’ planet for years, Clyde Tombaugh, was then hired to continue this. 
· Tombaugh was photographing the sky looking for it, used a blink comparator – which allowed hi mto look through a miscroscope at a small spot on one plate and then flip a level to see the same spot on the other. As he blinked back and forth he saw a planet move a bit.
· Pluto named after god of the underworld
· Pluto was not huge like predicted, but actually quite small.
· Never been visited
· [image: :Screen shot 2012-04-12 at 12.41.17 PM.png]
· Pluto is farthest from Sun
· Pluto is elliptical in orbit, so every 248 years it swings closer to Sun than Neptune
· Cold enough to freeze most everything
· -223 C temperature freezes some nitrogen and CO2 and methane to form a thin atmosphere around Pluto
· occulted – passed in front of a star and starlight faded
· made of rock, surface is mostly nitrogen ice
· Charon – 1978 discovery, natural satellite of Pluto
· Orbits Pluto in a nearly circular orbit of plutos equator, theyre tidally locked to eachother
· 35 percent ice and 65 percent rock
· in ‘summer’ (perihelion) Charon’s methane leaks off, leaving only ice. Turns it into a comet of sorts
· two new satellites Nix and Hydra found of Pluto
· trans Neptunian Objects: Eris – largest of TNOs, orbits sun further out from Pluto, Dysnomia orbits it. 

Chapter 16: Uranus and Neptune:
· Uranus is 7th planet, Neptune is 8th 
· Part of the gas giants
· Both roughly 4x larger than Earth, have dark thin rings, atmosphere of methane and thick layers of slush ice beneath
· German music teacher Williams Herschel discovered Uranus
· Galileo first say Neptune, but John Couch Adam is credited with discovering it
· Frenchmen Le Verrier found it at the same time as Adams, English and French had a dispute. 
· Voyager 2 flew past Uranus and Neptune
· [image: :Screen shot 2012-04-12 at 1.42.29 PM.png]
· Uranus originally rotated circularly, but it was pushed over on its side. Rotates on its side now. North pole points directly at sun.
· Neptune is just tilted orbitally. 
· Neptune has great influence on the Kuiper Belt
· Internally, Both Uranus and Neptune are made of rock, mantle and slushy mixes of water, methan, ammonia and ice
· Uranus has no heat, not sure why
· Neptune has more internal heat, generated by radioactive decay in the rock minerals in its interior, some energy released by friction of denser material falling inward
· Uranus’ magnetic field is the same as that of Saturn and Earth. Doesn’t come from planet’s center though, generated more from a spot 1/3 of the way toward south pole
· Uranus Magnetosphere forms a teardrop shaped sheath of charged particles over the plaent and produces auroras at poles
· Neptune has a weaker magnetic field than earth and is tipped 47 degrees from axis of rotation, has auroras
· Atmosphere of Uranus and Neptune almost totally molecular huydrogen and less helium
· Atmospheric methane accounts for greenish bluish colors of both planets
· Uranus has no surface, gases blend with a fluid layer. Twolayers: upper statosphere and lower troposphere. 
· Troposphere has a rising temperature from top to bottom and created a belt zone cloud pattern
· Neptune has a 2 layered atmosphere: upper stratosphere and lower troposphere: troposphere has a high concentration of organic molecules that creates haze between 2 layers.
· No climate variation on Uranus but Neptune has a dynamic storm y
· Both Uranus and Neptune have rings, Uranus has 13 (one bright blue one)
· Uranus has 27 satellites, only 5 large ones
· Titania is Uranus’ main satellite
· Radiation of enegy: radiation belt is a place in space, if they orbit Uranus they are inside it and the radiation may convert methane trapped in ice to dark carbon deposits
· 5 significant satellites: Oberon, Titania, Umbriel, Ariel
· all five contain frozen water, tidally locked to Uranus, flipped on side
· Oberon is cratered, Titania is quiete cratered, Umbriel is cratered with no activity, Ariel has brightest surface and has geological activity, Miranda is smallest and is full of huge fault canyons and a real mix of old and new surfaces. Theory is that Miranda has been shattered several times by collisions with other satellites then reassembled.
· Miranda illustrated problem scientists face in understanding the geology of the Jovian satellites. When an object is made of ice it can heal itself easily. If it melts history is lost. 
· Neptune: only 2 visible satellites from earth (triton and Nereid)
· Voyager 2 discovered 6 more small ones
· 13 in total, 8 named
· Triton orbits circular, but backwards. Opposite to Neptune. 
· Triton is only satellite in solar system with a retrograde (backwards) orbit
· Because it goes backwards, tidal interactions between Neptune and Triton remove enrgy from Triton and lowering its orbit towards Neptune. Eventually will crash into Neptune. 
· Nereid orbits normally but very elliptically. Slow orbit
· These orbits show evidence of a past massive collision or capture
· Voyager discovered 6 new inner satellites including Proteus, Larissa.
· Triton: largest satellite of Neptune. (Voyager 2) so cold water ice is as hard as granite and liquid nitrogen acts like water. Surface layer similar to water table beneath Earths surface
· Triton smaller than Moon but denser than any of gas planets studied. High intense cold create a tenuous atmosphere of methane
· Triton covered with nitrogen snow. Virtually no craters, all have been erased by liquid water flooding and then freezing
· Triton divided in to 3 regions: Uhlanga Regio (polar), Monrad Regio (eastern equatorial), Bubembe Regio (western equatorial) – only have to remember 3 (polar, eastern eq, western eq)
· Nitrogen Geysers: produce plumes of Viviane Macula and Namazy Macula (plumes)
· Tuenela and ruach – lakes or walled plains on Triton
· Surface of tritan remains active
· Where does tritan get its energy? theory is that triton was once independent planet of ice and rock, triton strayed too close to Neptune and was captured by gravity of bigger planet, it then swung into an elongated orbit, crashing into satellites Neptune originally had, tides of Neptune would be strongest when triton passed, weaker when it was farther away. The push and pull of triton would have generated enough internal heat to turn satellite molten, orbit became circular, tide subsized and surface froze. So we see the “cantaloupe terrain” of the frozen pushing and pulling

Chapter 18: Comets:
· comet – icy remains of solar nebula
· fragile, irregular shaped bodies composed of mineral/rock/chemical compounds and frozen gasses
· highly elliptical orbits bring them close to Sun and then deep out to space
· develp enormous tails that are luminous that we can see
· far from sun they remain frozen. 
· Comets oldest part of the solar system
· Brought basic carbon components to earth (amino acids)
· Anatomy of a Comet:
· Nucleus: solid centre, 1-10km in diameter, composed of dust and frozen gases, can be highly volatile, can be ripped apart by gases bursting, 
· Coma: when nucleus approaches Sun sunlight warms surface and ice turns to vapor and produces an atmosphere around the nucleus known as coma. Coma surrounds icy nucleus , becomes larger and brighter nearer sun. can be 100,000km in diameter, part of coma can be part of the tail, composition of nucleus determined by meausirng composition of coma. Waster, CO2, CO, all included.CHON (Carbon, Hydrogen, Oxygen, Nitrogen) too. Together, coma nad nucleus form head of the comet
· Tail: when comets come closer to sun they sprout 2 tails. One is the dust tail which is made of dust particles that sputter off nucleus. Is visible in sunlight. Ion tail is made of glowing gas (gas glows cause electrons and ions are forming uncharged molecules which produces light energy), this ion tail is pushed away from Sun by solar wind, while brighter dust tail traces comets orbit
· [image: :Screen shot 2012-04-12 at 9.06.17 PM.png]
· Orbits: comets that survive encounter with Sun take highly elliptical orbits, 
· long period comets: take hundred of thousands even millions of years to complete orbit around sun
· short period comets: 200 year obit around Sun
· orbits can be prograde or retrograde
· why lives of active comets are limited:
· 1. Nuclei lose mass at rates that cant be sustained for long
· 2. Active comets are under gravitational control of the planets
· ie. Biela’s comet 
· comets are either born somewhere now and end up in solar system or were all created with solar system and lie somewhere cold where they are stable until activating. This could be Oort Cloud or Kuiper Belt
· short period comets from Kuiper Belt, long period from Oort Cloud
· from Oort cloud long period ones may swing round Sun and return or fall into Sun and be destroyed, or perturbed by a planet and tossed out of solar system or turned into short period
· Gerard Kuiper first discovered the Kuiper Belt
· 70k objects in it
· 30-50 AU
· KB objects are primitive remnants from early phases of Solar Sstem, it’s the source of short-period comets and acts as a resevoir for them
· TNO’s (Trans-Neptunian Objects) – why do they sail into the inner solar system?
· 1. First theory is that sometimes the planets are arranged so that their cumulative gravitational effect kicks a Kuiper belt icy body or TNO out of its stable orbit and into an elliptical path that brings it in
· 2. Second theory is that due to gravitational stress two or more icy bodies collide and fragments of the parent come sailing in
· by looking at comets nucleus we can tlel how it was formed. If nucleus is round, it hasn’t suffered a collision, if its weirdly shaped it’s a collisional fragment
· Oort Cloud: Ian Oort proposed that long period comets are objects that fall in from the Oort Cloud, 10k AU to 100k AU. Large orbits of these objects. Entered isotropically (ie showed no preferred direction). Very random distribution. Objects falling from this far away should suffer deflections from the planets. Oort contains several trillion icy bodies, far from sun, cold, lack comas and tails, they enter solar system by gravitational kicks from passing stars.
· Kuiper Belt  is formed because they are other remnants of the protoplanetary disk left behind as the planets formed
· Oort Cloud: could not have formed where it currently is, theyd have to be in a disk not a sphere and they are too dense, they formed as icy planetisimals in the outer Solar system, near the Jovian Planets, as they grew larger, the Jovian planets ejected many of these items of space junk out of the solar system, and there they formed as the Oort cloud.
· Haley’s Comet: Vega 1 and 2 and Giotto all were spacecraft that collected info on it. The comet was a dark body with two bright jets spewing material out. March 13 1986
· Comet Borrelly: 1998 Deep Space 1 probe, nucleus of 10km long, dark charcoal surface, 
· Comet Wild 2: visited by Stardust in 2004, Wild 2 lost 1m of its own surface, lots of craters, two craters named Left zfoot and Right Foot
· Comet Temple 1: hyped up by NASA this mission was very expensive, unfortunately, prove was vaporized upon impact, no research value
· Great Comets: Halleys comet is seen on every return, Edmund Halley observed it. First predicted return of any comet. It has a very elliptical orbit. Will return in 2137. European probe Giotto recorded it first. 
· Daylight Comet: 1910, few weeks before Halleys
· Great Southern Comet: 1882
· Millenium Comets: Hale-Bopp

Chapter 19: Life In the Universe:
· living matter exists to preserve itself and create offspring
· must have DNA or RNA
· cells contain essential charateristics of life
· nucleic acids and proteins are what a cells ability to reproduce and self-regulate are based on
· Nucleic Acids composed of sugar, phosphate group, nitrogen compound which are all bonded together in complex patterns.
· DNA – deoxyribonucleic acid
· RNA – carries out coded instructions given out by DNA to regulate chemical reactions in cells
· All earth life is carbon based. 
· Offspring born with altered DNA is called a mutant
· Cellular Organisms: carbon and water-based, contain genetic info sufficient to reproduce, posses the abilities to undergo metabolism, respond to stimuli, adapt to environment through generations
· Miller-Urey Experiment: demonstrated the mechanism by which inorganic elements could combine to form precursors of organic chemicals. How lightning could affect primitive earth atmosphere. Discharged an electric spark into a mixture thought to resemble primordial atmosphere. In a water receptacle designed to model an ancient ocean amino acids appeared, which are the building blocks of every cell.
· September 28th 1969 fragments of meteorite fell in Victoria. Meteorite contained a variety of organic compounds, including amino acids. Possible fossilized bacteria
· Miller experiment did not create life, but did prove it possible for the building blocks of cells (amino acids) to have been created
· Bacteria and fossils: original mix of organic compounds create primordial soup
· Amino acids linked together to form proteins in sun-warmed tidal pools or through hot springs. 
· Prokaryotic Cells: old fossils classified as prokaryotes, or poorly defined single cell organisms. They have DNA but its poorly defined. Strictly asexual reproduction. 
· Anaerobic environments: those lacking oxygen, blue-green bacteria (prokaryotes) exist , but die when exposed to free oxygen
· Life capable of producing oxygen lived in oxygen-free environment? 
· Ancient oceans were enriched with dissolved iron from volcanoes. The blue-green bacteria in these oceans produced oxygen which formed with the iron and formed an insoluble iron oxide. This iron oxide settled to the bottom of the oceans. When it was used up, the oxygen molecules built up and environment began to change.
· Eukaryotes: 1.4 billion years ago eukaryotes developed from prokaryotes. They have larger cells, more organized DNA with nuclei, and live by respiration (use oxygen for energy)
· they are sexual and reproduce quickly.
· Ozone: with no oxygen in atmosphere there would’ve been no ozone. Need 2% oxygen for an ozone layer to protect from UV rays which would have broken down amino acids and prevented building of life. 
· Cambrian Period: half billion years ago earths climate changed and life exploded into different forms. Cambrian Explosion. 
· Life in Solar System: \which came first, molecules or cells? We don’t know. 
· 3 questions about life in space:
· 1. Could life originate on another world with right conditions?
· 2. Will life always evolve towards intelligence?
· 3.Are suitable conditions so rare that life almost never gets started?
· Liquid water required for life. Both for chemical reactions and as a medium to transport nutrients and wastes within organism.
· Life on earth began in oceans. This water requirement removes Moon, Mercury, Venus, as they are airless and water could never be liquid
· Europa (satellite of Jupiter) has best chance of lie, since it has a liquid water ocean below its icy crust.. Yet its conditions may not be stable enough. Jupiters gravity may move it and freeze it solid.
· Ganymede (another) has a liquid ocean, and some posisiblity of supporting life too
· Titan (Saturn sat) also has the right mix of nitrogen, argon, methane and some oceans of liquid methane
· Mars: high potential for life. Meteorite was found on Artactica in 1984, chemical composition shows it being from Mras. It contained chemical and physical traces of ancient life on Mars. Methane gas found in atmosphere.could be the product of active biological activity like on earth.
· Consensus that mars once hosted large bodies of ocean water.
· Good bet those contain organisms
· Not neceseraily intelligent life
· Life in Other Solar Systems: for a plane to host life it must have a stable orbit around its star, takes many billion years to be stable enough to originate life, need liquid water and a life zone (ecosphere) around each star, where temperature permit the existence of liquid water, planet must be on edge of life zone, to avoid being destroyed as the luminosity of its star moved the life zone outwards and evaporates the planets ocean.
· So can it? Well, technically yes.
· SETI: Search for Extra Terrestrial Intelligence.
· radio communications would take a 20 year reply

· water hole: interval between line of hydrogen and OH. We want to realistically call out to places with water since we know its necessary for life

· THE END.

Short Answer Questions
TWO of the following six questions will be on the exam.  The marking schemes are provided next to each part of the question.

1. Venus:
The Roman goddess name doesn’t exactly fit the reality of this planet – it’s not quite a place of ‘love and beauty’!
a. In general terms (I’m not looking for specific numbers), note how Earth and Venus             compare with respect to the following basic properties:
i. planet diameter [1]
ii. planet density [1]
iii. rotational sense and speed [2]
b. Discuss the atmosphere of Venus, including the following considerations:
i. composition of the primary (most primitive) atmosphere; composition of the secondary atmosphere and what process produced it. [3]
ii. why Venus has such a strong greenhouse effect. [2]
c. Briefly, discuss the probable history of water on the surface of Venus. [2]
d. Explain the absence of small impact craters on the surface of Venus. [2]
e. We don’t have any samples of Venus, yet we’re sure there has been lots of volcanic activity there in the past 500 million years. What is the evidence? [2]

2. Meteorites:
Independently of the samples returned by astronauts, we know a great deal about Moon from meteorite samples. Similarly, we know something about Mars (although the number of Martian meteorites is small), and a huge amount about asteroids. So, study of meteorites is a most important part of study of our Solar System.
a. What are the basic names of the compositional categories we use to subdivide the three main types of meteorites? Which is (by far) the most abundant of all meteorites? [4]
b. In the notes, you saw a table of chondrite classification that was termed `Petrologic Types`. One factor that contributed to change the classification was temperature (i.e. `Thermal Metamorphism`); what was the other factor? [2]
c. Most people who observe entry of an asteroid or meteoroid into Earth`s atmosphere describe a `fireball` effect.
i. Describe how the light of a fireball is produced. [5]
ii. Assume you have picked up a fresh meteorite; what physical feature do you see on the sample to tell you it entered as a fireball? [2]
iii. Which of the following two meteoroids is likely to impact Earth`s surface with greater energy (respond with `A` or `B`): [2]
A: mass of 25 kg and a velocity of 20 km/s
B: mass of 20 kg and a velocity of 25 km/s



3. Potential of Life in the Solar System Other Than on Earth:
a. Define ‘life’ as we defined it in this course. [3]
b. Describe the Miller-Urey experiment, including:
i. the starting materials
ii. the experimental process (i.e. what was done with the materials)
iii. the products of the experiment
iv. and why that experiment is relevant to any discussion of the development of life. [5]
c. Other than Earth, which planet(s) has/have the greatest potential for life (past, present or future) and explain why. [3]
d. Other than planets, what satellites of planets have the greatest potential for life (past, present or future) and explain why. [4]

4. Saturn:
a. Assume you are teaching a high school student about the planets, and it’s now time to discuss Saturn. Note:
i. location in the Solar System [2]
ii. size relative to Earth [2]
iii. overall density [2]
iv. how to differentiate ‘atmosphere’ from ‘planet surface’ [2]
b. Switch now to a discussion of Saturn’s rings.
i. Note their composition. [3]
ii. Explain why the material in them doesn’t simply move away into space. [4]

5. The Galilean Satellite System:
a. Name the 4 main ‘regular’ satellites of Jupiter, and note (very briefly) what feature(s) particularly characterizes each (don’t give me all their properties!). [10]
b. It’s said that when Galileo first saw these four satellites, he suddenly realized the geometry of the Solar System; explain how that could be so. [3]
c. Also associated with Jupiter are ‘trojan’ satellites. Define what they are and explain their relationship to Jupiter and Sun. [2]

6. Comets:
a. What is a comet? [2]
b. Why do we so enthusiastically study comets (i.e. what’s so important about them)? [4]
c. What is the dynamical (i.e. active) lifetime of a short-period comet? [2]
d. Try your skill at art! Make a sketch of a comet and label the following: coma, dust tail, ion tail, and nucleus. Indicate (by an arrow) in what direction Sun is located relative to the coma you are sketching. [7]
· 
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2.0 Planet Facts

Here’s the usual brief summary of facts:
Distance from Sun. 1.52 AU
'Diameter: 6792 km (about 0.53 of Earth)

Density: 3.934 glcc (Earth = 5.515)

Surface temperature. -87°C to -5°C

Rotational period 1.026 days

Equatorial rotational speedt 868.22 km/h (Earth’s is 1670 km/h)
Orbital period 686.97 days.

Orbital speedt 24 ks

Orbital ecoentricity. 0.0933

Orbital indlination: 1.850°

Axial tilt 25.19°

‘Satelltes: two (Phobos and Diemos)
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Here’s the usual brief summary of facts:

« Distance from Sun:5.3 AU
Diameter: 142, 984 km (about 11.2 Earths)
Density: 1.326 glcc
Rotational period 9.925 hours
Equatorial rotational speed 12.6 km/s (45,300 km/h)
Orbital period 4331.6 days (11.86 years)
Orbital speedt 13.07 kmis
Orbital eccentricity: 0.0488
B ¢ Orbital indlination: 1305°
Axial it 3.13°
Satellites 63 (4 big ones!)
- Rings one main ring and one minor one.
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