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Study Guide For Exam #2                  Astronomy 1000 
 
This test covers Lectures 7 through 13 and Chapters 6 through 14 in your text book. 
Review the lectures especially the summary slides and the in-text questions & 
problems 

Useful Formulae 
Kepler’s  Third Law:        P2  (years)  =   d3 ( a.u.) 
1 AU = 1.5x108 km 
 
Avg. Gas Speed   Vavg  =  0.38 sqrt( T/m ) 
 
Condition for a   Vavg <  0.16 Vesc 
Planet to Hold its 
Atmosphere 
Newton’s Law                    V2 = U2 + 2as   V=final velocity 
                                            U= initial Velocity 

S= distance (height) 
                                         a = acceleration due to gravity 

  a = GM/r2  ;  r=radius planet,  
  M = mass of planet,  G= Gravitational constant 
 

Gravitational Constant        G = 6.67 x10-11 m3 kg-1 s-2 
Energy of a photon  E  =  h f 
     E  = hc/ λ 
 
 
 
Stephan-Boltzmann  σ = 5.67 x 10-8 W/m 2 K 4 
    Constant 
 
Speed of Light   300,000 km/s 
      “c” 
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Lecture 7_________________________________ 
 

1) What are the main components of the solar system Ðthe biggest? the furthest? EtcÉ  
2) Using Keplers Law calculate the distance of Venus from the Sun 
3) What distance does 1 AU (an astronomical unit) represent? 
4) What are the two families of planets? how do they differ: size, density, composition, # 

moons, position? 
5) Continental DriftWhat is it and what powers it? How fast do the continents move on 

average? What are the consequences (mountains, volcanoes, earthquakes). The continents 
are constantly changing position. 

6) The EarthÕs Interior Describe the process of differentiation. What are the 4-zones in the 
EarthÕs interior?  Describe their composition, temperature, pressure. How do we know 
this?(earthquakes !  seismic P & S waves P-waves: travel through solid & molten 
material S-waves: travel through solid material only! 

7) The EarthÕs Atmosphere Composition (78% N2, 21% O2, traces: CO2 & H2O)Greenhouse 
Effect (Greenhouse gasses CO2 & H2O trap IR radiation and warm  the atmosphere & 
surface) The Ozone Layer Global Warming & Ozone Depletion: what are the causes. 
What are the effects of both? Why is the Sky blue? (molecules in atmosphere scatter blue 
light much more than red light) 

8)  The EarthÕs magnetic field what generates it? (rapidly rotating liquid metal core of 
Earth). 

9) The EarthÕs Magnetosphere traps high-energy charged particles (electrons & protons) 
from Sun. These particles would be hazardous to life on EarthÕs surface. Van Allen 
radiation belts. Northern & Southern Lights. Why is light emitted? 

 
 
Lecture 8  Mercury: The Planet Nearest the Sun 

1) Orbit and Basic Properties: orbit is very elliptical, not a perfect circle.~1/4th the EarthÕs 
diameter5% of the earthÕs mass similar density very hot surface. Weak magnetic field.  

2)  
3) Surface: heavily cratered; no signs of water, weather, or atmosphere.  
4) Atmosphere None.   How can we explain this?  (hint:  Vavg < 0.17  Vesc )  
5) What is the escape velocity?  What factors determine it? what is Vavg, and what mainly 

influences it?  
 
 
Lecture 9 Venus: Earth’s Twin 
 

1) very circular orbit , like EarthÕs.Venus spins on its axis very slowly & in opposite 
direction from other Earth-like planets.  

2) Basic Properties similar to Earth in mass, diameter, density (i.e., twin of Earth) 
atmosphere present. Atmosphere  composition (96% CO2, no oxygen) mass (9-times more 
atmosphere than Earth)  surface pressure & temperature  (high & hot!)  
 

3) Run Away Greenhouse Effect explain how this came about as a result of Venus being 
closer to the sun, and how it resulted in high surface temperatures. 



 
Study Guide 2: Prof Sarah Higdon. Page 3 of 9 

  
4) Surface mapped accurately by orbiting radar. no crustal plates.  No continents or 

continental drift. Large craters visible on radar, but few small craters. Overall, only 1/10 
the cratering of Mercury or the Moon. Why? ) Venus appears to have re-paved its surface 
with lava ~300 million years ago! - buried most of the craters under lava 

  
5) Volcanic Activity 

  - radar images of volcanoes,  lava flows, lava domes 
  - what is the evidence of on-going volcanic activity? 
    (changing SO2 in atmosphere; possible lightning near volcanoes) 
 
  6)  Magnetic Field 
  - surprise: no magnetic field! 
  - why not?  (hint: Venus rotates very slowly). 
 
   
 
Lecture 10 Mars: The Red Planet That Tried To Eat Tom Cruise 
 1) Orbit, Rotation, & Basic Properties 
           elliptical orbit 
  Martian day is 24.6hrs  
   rotational axis is tilted like EarthÕs !  Mars has Seasons! 
  ~ ! t he EarthÕs diameter 
   ~ 1/10 the EarthÕs mass 
  Mars and Earth have similar density (but MarsÕ is somewhat lower). 
  Mars has a thin atmosphere. 
                       why is Mars fainter than Venus? 
                      why is the surface red? 
 
 2). Surface of Mars 
  - Volcanoes (Olympus Mons is the biggest in the solar system) 
  - ÒsploshÓ craters common 
  - Mariner Valley (not a real canyon Ð i.e., not formed by water). 
                       - Tharsis bulge opposite Hellas Basin 
  - no crustal plates. Crust is one piece. No continents or continental drift. 
 

- MarsÕ surface divided into two halves:  
  - Northern Plain: flat, low elevation, few craters 
  - Southern Highlands: rugged, high elevation, lots of craters 
 

- Running water on Mars?  What is the evidence? 
     (Gullies at crater edges, flash-flood flows, ancient rivers) 

- Where did the water go??? 
  

- Polar Ice Caps 
     - composition;  how they change with the seasons? 
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3) The Atmosphere of Mars 
 - composition (mostly CO2, like Venus) 
 - Mass (thin atmosphere, not much protection from meteorites) 
 - temperature and density (cold and thin) 
 
4) A Run-away Greenhouse Effect in Reverse! 

- be able to describe this process (i.e., green-house gases taken out of  
   the atmosphere) 

  
       5). Life on Mars 
  - The three experiments of Viking I & II: what were they? 
  - what was so important about the sterilized sample from Earth 
  - Were the Viking experiments conclusive one way or the other? 
 

6) The Martian Moons 
 - composition (do they have the same composition as the planet Mars?) 
 - where are they thought to have arisen?  How did they wind up going 
   around Mars? 
 - They are very small and heavily cratered. 

      
 
 
Lecture 11 Jupiter   
 1) Be Familiar With Orbit, Rotation, & Basic Properties of Jupiter 
  - Jupiter is the largest planet in the Solar System. 
  - Jupiter is 11x larger than the Earth. 
  - Jupiter is not a perfect sphere, but slightly flattened at the poles. 
    This means it is not as solid as the Earth is, but partially gaseous. 
  - Jupiter is 300x more massive as the Earth. 
     !  JupiterÕs mass is twice that of all the other planets combined! 
  - JupiterÕs density is low: 1.3 g/cm3.  
     This is not very far from the density of water (1.0 g/cm3). 
  - JupiterÕs magnetic field is 20,000 times stronger than EarthÕs. 
  - Jupiter has lots of moons:  61 at last count! Which one may support life? 
 

2) Know the Composition & Features in JupiterÕs Atmosphere 
 - composition: mostly Molecular Hydrogen (H2 86%) & Helium (13.8%), 
    with small amounts of methane, ammonia, & water. 
 - JupiterÕs atmosphere is made up of alternating colored bands of clouds. 
      - their colors arise from complex chemical reactions taking place there. 

- many hurricane (ÒcycloneÓ) like storms are visible in JupiterÕs 
  atmosphere. 

 - the largest of these storms: The Great Red Spot. 
  . Great Red Spot has existed for at least 300-years 
  . itÕs diameter is 5x larger than the Earth. 
  . what powers the Great Red Spot is still unknown. 
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3) Understand the Basics of JupiterÕs Internal Structure 

- We know very little of JupiterÕs interior. But it is probably: 
 (1) rocky core, (2) metallic hydrogen mantle, (3) outer layer of 
 molecular hydrogen, and (4) the atmosphere we see. (5) Could Jupiter have been a 
star? Why not? 

  
4) JupiterÕs Magnetosphere 

  - Jupiter has a strong magnetic field: it rotates rapidly (~10-hour day) and 
    has a mantle of metallic hydrogen.  

- JupiterÕs strong magnetic field captures charged particles from the Sun. 
- JupiterÕs magnetosphere is huge: 30-million km across, and extends out 
  to Saturn.  Saturn is sometimes inside JupiterÕs magnetosphere! 
- Jupiter has Aurora: Northern & Southern Lights! 

 
5)  Jupiter and Comets 
 - Jupiter has absorbed millions (billions?) of comets and asteroids, some 

  that might have collided with Earth. 
 - Comet Shoemaker-Levy in 1994 was an amazing example. 
    Shoemaker-Levy was captured by JupiterÕs gravity ~200 years ago. 
    in 1992 it came within JupiterÕs Roche Limit and broke-up into 

21 km-sized pieces. These impacted JupiterÕs backside in 1994, releasing huge 
amounts of energy.  Fireballs seen rising over Jupiter! 

      
 
 
Lecture 12 Saturn Uranus & Neptune  
 1) Be Familiar With Orbit, Rotation, & Basic Properties of Saturn 
  - Saturn is the 2nd largest planet in the Solar System. 
  - Saturn is 10x larger than the Earth. 
  - Saturn is more ÒsquashedÓ in shape then Jupiter, implying that is 

  more gaseous then Jupiter, and less rocky than the Earth. 
  - Saturn is 100x more massive as the Earth. 
  - SaturnÕs density is less than water Ð 0.7 g/cm3.  It would float in water! 
  - SaturnÕs magnetic field is 1,000 times stronger than EarthÕs. 
  - Saturn has lots of moons (31), but not as many as Jupiter. Most are 
     very small. 
  - Saturn is famous for its beautiful rings. 
                        - SaturnÕs moons exhibit some odd orbital motion Ð name 3 examples. 
 

2) SaturnÕs Atmosphere 
 - composition: very similar to JupiterÕs with one exception: 
    Saturn has much less Helium in its atmosphere than Jupiter does. 
  -- the helium has condensed into droplets in SaturnÕs outer 
      atmosphere and ÒrainedÓ down to lower levels. 
 - SaturnÕs atmosphere also shows alternating colored bands of clouds, 



 
Study Guide 2: Prof Sarah Higdon. Page 6 of 9 

    but the colors are much more subdued. Less colorful. 
- hurricane (ÒcycloneÓ) like storms are rarely seen in SaturnÕs 
  atmosphere, and they are short-lived.  

!  Nothing like JupiterÕs Red Spot. 
 
3) SaturnÕs Internal Structure 

- Like Jupiter, we know very little of SaturnÕs interior. But it is probably: 
 (1) rocky core, (2) metallic hydrogen mantle, (3) outer layer of 
 molecular hydrogen, and (4) the atmosphere we see. 

  
       4) SaturnÕs Magnetosphere 
  - Saturn also has a strong magnetic field due to its rapid rotation 
     and metallic hydrogen core: ~1,000 times stronger than EarthÕs 

    - Saturn also has Aurora: Northern & Southern Lights! 
 

       5) SaturnÕs Rings 
  - Saturn is surrounded by a system of very bright rings, visible from Earth. 
  - since SaturnÕs axis is tilted (26.7 degrees), the rings look different during 
     SaturnÕs 29.4-year orbit around the Sun. 
  - the rings are extremely thin Ð a few tens of meters in places. 

- the rings are composed of large numbers of bits of debris: sizes range  
   from sand-grain to tens of meters.  On average: snowball sized. 
- the debris is coated in water ice, which explains why they are so bright. 
- the rings are actually hundreds of small ring-lets. 
- The outer-most ring (F-ring) appears ÒbraidedÓ, and is kept in place by 
   two small ÒShepherd moonsÓ. 
 
- The rings exist within a zone called the ÒRoche LimitÓ.  
     ! Any moon, comet, or asteroid straying inside the Roche Limit is 
         torn apart into rubble by SaturnÕs gravitational field. 
 Roche limit = 2.4 x planets radius Ð using what assumptions? 
-  rings probably relatively new -small icy moon fell within Roche Limit within 
past 100-million years. 

 
 
 6)  Orbit, Rotation, & Basic Properties of Uranus & Neptune 
  - Uranus & Neptune have nearly identical diameters: ~4x larger than Earth 
  - Both have average densities similar to JupiterÕs: ~1.5 g/cm3. 
  - UranusÕ axis is tilted into its orbital plane Ð itÕs laying on itÕs side! 
       !  Uranus has extreme seasons: 40-year winters & 40-year summers. 
       !  During winter, the Sun is never visible. During Summer, the Sun 
             never sets. 
  - Neptune has a 29 degree axis tilt, giving it seasons like Earth. 
  - Uranus takes ~84-years to orbit the Sun, Neptune 163-years. 
  - both have lots of moons. 
  - Neptune generates 3x more energy than it receives from the Sun. How? 
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  - Uranus discovered accidently by William Hershell with his telescope. 
  - Neptune discovered using mathematics: UranusÕ orbit seemed unusual, 
    as if another more distant planet were tugging on it. Calculations said 
    mystery planet would be found at a certain location, which is where 
    Neptune was situated. 
 

7) UranusÕ & NeptuneÕs Atmosphere 
  - composition of both are very similar. Both similar to Jupiter & Saturn. 
    (molecular hydrogen: 84%, Helium: 14%, Methane 2-3%) 
  - blue color of both is due to Methane in atmosphere, which readily 
    absorbs red photons from the Sun. 
  - Neptune shows Jupiter-like storms, including a Great Dark Spot, that 
    disappeared in 1990Õs. 
 

8) The Magnetc Fields of Uranus & Neptune 
  - magnetic fields are not centered on the planet cores. 
  - neither point along the rotational axis. 
 
 9) Internal Structure of Uranus & Neptune 
  - both are thought to have: rocky core, ice/liquid ÒslushÓ layer, and 
    a molecular hydrogen layer Ð no metallic hydrogen core as pressure is 
    to low. 
 
 10) UranusÕ Rings 
  - discovered accidently by flying observatory. 
  - very skinny, like SaturnÕs F-ring.   

- at least one pair of ÒShepherdÓ moons. 
 

 11) NeptuneÕs Rings 
  - three faint rings. 
 
 
 
 
 
Lecture 13 Dwarf Planets and “junk” in the Solar System   
 
 1) PlutoÕs Discovery 
  - at first it appeared another more distant planet was perturbing the orbit 
    of Neptune. Calculations indicated the location, and American Clyde 
    Tombaugh found the planet Pluto. Who did he name it after? 
  - actually, the calculations were in error (there were no problems with 
    NeptuneÕs orbit), and Pluto was discovered purely by chance! 
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 2) Properties of Pluto 
  - Pluto is small, ~20% the size of the Earth and much less massive. 
  - PlutoÕs density is 40% of EarthÕs Ð 2.1 g/cm3. 
  - Pluto has a moon Ð Charon. 
  - PlutoÕs orbit is most elliptical in Solar System (d = 30-49 AU from Sun). 
  - PlutoÕs orbital plane is 17-degrees out of the Solar System. 
  
 3) Origin of Pluto 
  - Is Pluto a moon of Uranus that was kicked-off during a collision? 
    (problem: then how did it acquire its own moon? No moons have moons) 
  - Many astronomers consider Pluto to be a new class of object: 
   !  Dwarf Planet 
  - Pluto may simply be the largest member of this new class, several of 
    which are now known, several of which have their own moons, too. 
 
 
 4) Asteroids: History & Properties 
  - know what BodeÕs Law is, and that it predicted a planet 2.8 AU from 
    the Sun (i.e., between Mars & Jupiter). 
  - Giuesppe Piazzi (priest & astronomer) found Ceres (1801). The smallest                                                                  
.                         dwarf planet and only dwarf in the asteroid belt. 
  - 200,000 eventually discovered between 2-3.3 AU, i.e., the Asteroid Belt. 
  - too small for planets, they are called Asteroids (Òstarlike bodiesÓ). 
  - all the asteroids taken together would not have the MoonÕs mass. 
 
  - know the differences between the three types of asteroids: 
   C-type (carbon rich),  S-type (silicon rich), M-type (metal rich). 
 
  - know what the ÒEarth CrossingÓ asteroids are, and why they are a 
     concern (hint: remember Comet Shoemaker-Levy?). 
  
  - know how asteroids look from fly-by missions: irregular shaped (potato) 
    with lots of craters.   
 
  - How do they compare with the ÒmoonsÓ of Mars? 
 
  - Know the two leading explanations for the origin of the Asteroids 
    (1- they are the remains of a destroyed planet, 2-Jupiter prevented them 
      from ever merging into a planet). 
 
  - Also know the problems with answer #1 (hint: mass & composition). 
 
5) Comets: History & Properties 

 - comets are basically ~5-10 km sized snowballs with gravel & dust. 
    !  (i.e., ÒDirty ShowballsÓ). 
 - remember that comets were viewed as bringers of bad news! 
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 - know how the orbits of comets differ from planets (extremely elliptical) 
 - know the difference between: 
  Long Period Comets: travel thousands of AU from Sun, taking  
     thousands or millions of years to orbit the Sun once. Come from 
     Oort Cloud. 
 
  Short Period Comets: orbits extend out to maybe Pluto, take far 
  less time to orbit Sun (e.g., HalleyÕs Comet every 76-years). 
  Come from Kuiper Belt. 

 
  - know the basic components of a comet (nucleus, coma, dust tail, ion tail . ,                        
ÒinvisibleÓ tail) 
  - understand why a comet changes appearance as it moves towards the Sun 
 
6)  Meteors Ð Shooting Stars 
  - know the difference between meteors & meteorites 
  - understand how meteor showers arise from the destruction of a comet. 
 


