Ch. 6 The Outer Planets 

Sec 6.1 JUPITER
I. Properties   A. Basic Info

   1. Most powerful _______ god

   2. _____ brightest night object


   3. ___ large moons, many smaller

  B. Size

   1. _____ME / .001 MS / _____ rE
   2. Density only _______ kg/m3
  C. Rotation

   1. _____________ rotation

   2. Fastest avg. rotation:  ~ ____ hrs.

   3. Large equatorial bulge 

     a. Due to ______ _______

     b. It’s mostly liquid/gas, not solid

II. Atmosphere

  A. Great Red Spot . ~ 250 mph winds
    1. __________-sized superhurricane

    2. At least _______ yrs. old

 B. Composition   1.86 %  ____ 14 %  __
    2. Gravity kept light elements

 C. Atmospheric Bands

   1. Bright _______ (upward convection)

   2. Dark ______(downward convection)

   3. Hi/low pressure systems 

III. Internal Structure
  A. Jupiter emits ___ x energy it receives 

  B. Not massive enough to be a _______

  C. Gravitational ________ energy 
       from its formation

  D. Interior    1. Clouds ~ 125 miles thick

    2. Underneath H2 becomes _________
    3. ________  liquid (~12,000 mi. deep)

    4. “Rocky” core -  _____ ME

IV. Magnetosphere
  A. Huge sea of __________ _________
    1. _________ x stronger field than E’s

    2.  _________ created from   


accelerated particles

  B. Strength - ______ core / ___ rotation
  C. Huge __________


Name ________________         
Sec 6.2  Moons of Jupiter
  A. Basic Info     1. Some moons formed   

      w/ Jupiter, most are captured ______
    2. At least ____ total!

    3. Some have _____________ orbits

  B. Galilean “Solar System”

    1. Direct, nearly _________, flat orbits

    2. ___________ locked

    3. __________ decreases w distance - 
        Ganymede/Callisto have more ____
    4. Orbits are in a 1:2:4 ____________
  C.   Io - The Most Active Moon

    1. Similar mass/radius to our ________
    2. **Most geologically ____*__ object
       a. Very hot, powerful volcanoes

       b.  ______  compounds create colors

       c. No craters, cracks, etc.. (youngest)

       d. Thin, temporary atmosph of _____
    3. ___________ _________ 

     a. Magnetosphere covers inner moons

     b. Sweeps up particles from ____’s 
         volcanoes

     c. Strong, dangerous _____________

    4. _______ stress: Io’s interior 
       stretched & squeezed      

D. Europa:  Liquid Water?

  1. Few craters -- _________ surface

  2. Cracks/lines due to tidal forces

  3. _____ mile deep ocean under ice??

    a. Could have more water than _____!

    b. Icebergs may form, move, refreeze

 4. Weak mag. field --____water? 5. ____
E. Ganymede & Callisto
1. Both low ____________ (2000 kg/m3)

2. Ganymede -- *__________moon 

  a. Dark, old areas / Light areas from ___
  b. Meteor impacts (ice “__________”)

  c. Grooves - past tectonic motion

  d. Weak, _________ magnetic field
  e. Magnetosphere  *only ________

3. Callisto - most heavily ________object

  a. Largest basin -  ______________
  b. No internal differentiation / no heat
Sec 6.3 SATURN

 I. Orbital & Physical Properties
  A. ____________ planet to ancients

     1. ________ as far from Sun as Jupiter

     2. Fainter than Jupiter, inner planets

  B. ____ ME  /  _____ rE

  C. Density only _______ kg/m3
    1. Least _____ planet (mostly H & He)

    2. Saturn would _______! 
        (Water --1000 kg/m3)
  D. Rotation rate

    1. ~ ___ hr. differential rotation (equat)

    2. _________ planet -- 10% difference

    3. Rocky core ~ ____ ME  (> Jupiter)

  E. Ring    1. ____ 0 tilt

   2. Rings almost disappear in fall/spring

II. Atmosphere
  A. Fewer ______________ than Jupiter

  B. Composition

    1. ___% H, __% He with CH4 & NH3
    2. Less _____ than Sun or Jupiter (?)
  C. Turbulence / storms / fast jet stream

III. Interior / Magnetosphere  

  A. Same layers as Jupiter » 
       H, _______ H, core

  B. Radiates __ x more heat than receive
   1. Not original heat of formation (??)

   2. _______  __________ for 2 bill. yrs..

   3. Gravitational energy of falling He
  C. Magnetosphere    1. _________ field
   2. ______ J’s strength   
   3. ________at both poles
Sec 6.4  Saturn’s Rings

  A. All the _________ planets have rings

  B. Identified by ___________ (1659)

  C. Giovanni ____________ (1675)

    1. 3 major rings -- A, B, C

    2. Cassini _________  between A & B

    3. ________ gap -- outer part of A ring

  D. Composition -- Many small particles 
    1. _____% reflective (mostly ____)

    2. Avg. particle size – __________
  E. Very ______ ring  (~ 50 m in places)
  F. __________  ________

    1. _____ forces increase close to planet

    2. Limit at which large moon torn apart

  G. Voyager discoveries

    1. Thousands of ringlets (few gaps)

    2. Only true gaps caused by “_______”

    3. Moon _____ found in Encke gap

  H. Mysterious, thin, “braided” F-ring 

       has 2 _________ moons on each side

  I. Origin of the Rings

   1.Total mass =moon only ____km wide

    2.Small moon destroyed inside Roche?
    3. Rings only ____ million yrs. old  (not leftover material from S’s formation)

Sec 6.5 The Moons of Saturn
  A. General Features

    1. Large moon - _________ (5150 km)

       (# ___ in solar system)

    2. ___ medium moons  (400-1500 km)

    3. Dozens of small, icy moons

  B. TITAN
   1. Discovered by ________  (1665)\

   2. Atmosphere
     a. **Thicker than ________’s!

     b. 90% ___~ 10% Argon, CH4, CO

     c. _________ (!) methane on surface

     d. Similar to ___________ Earth (?)

     e. *Low surface _________ (1/7 gE)

     f. 10 x more gas --  60% > pressure

  3. Frigid --  ____ K surface
  C. Medium-sized moons

    1. __ of 6 ________ locked

    2. Similar densities - unlike Jupiter’s 

    3. _____ -- largest, but only 1/30th Mm
    4. __________ (the “death star”)

      a. Innermost of 6 (resonates w/ rings)

      b. Huge crater -________ (1/3 diam.)

    5. ___________  a. ~ ___ % reflective!  

      b. Ice crystals /water “__________”! 
  D. The Small Moons
    1. Janus & Epimetheus- ___-_______!
    2. _________ -chaotic rotation (Titan)  
Sec 6.6 Uranus & Neptune


 
I. The Discovery of Uranus

  A. William ____________ (1781)

    1. Was moving too slow to be a _____
    2. “Sidius Georgium”

    3. Roman father of _______  / 

        Greek god of the ____
  B. Barely visible to the _______ ______

    1. Pale blue-green disk thru a scope

    2. _________ II - featureless atmosph.
II. The Discovery of Neptune
  A. Odd orbit of Uranus - planet ____ ?

  B. Mass / orbit calculated 

    1. Leverrier (1846) / ________  (‘45)

    2. Found by Johann Galle (‘46)

  C. ________ disk not visible w/o scope

  D. Voyager II – Atmosph. band & spots

  E. _____ AU from Sun ( pd. ____ yrs!

III. Physical Properties  
	
	URANUS
	NEPTUNE

	Width
	4.0 dE
	____ dE

	Mass
	14.5 ME
	   _____ ME

	Density
	_____ kg/m3
	_____ kg/m3

	Rotation
	___ hrs.
	16.1 hrs.


  B. Tilt      1. Neptune ( ______ 0 tilt

    2.Uranus ( ____ 0! (Rolls on its side)

      a. Poles ____  yrs. Day / ____ yrs. Nt.

      b. Summer Sun circles sky
IV. Magnetic Fields
  A.  Both ____ x stronger than Earth’s

  B.  Extensive ________________

  C.  Both fields oddly ________  to axis

 
Name _____________________

  D.  Both fields ________________ (?)

  E.  No _______  H2 layer -lower press.
V. Atmospheres

  A. Composition

    1. ____ % H2, ____ % He, 2-3%  ____
    2. Methane absorbs red, they appear __
  B. Uranus - no ___________ ______

  C. Neptune emits ____ x more heat (?)

      - _______ insulation of original heat?

  D. Storms   1. High-altitude clouds
   2. Great _____ _____ - Earth-size, ‘89
 VI. Moons

  A. Uranus ( ____ moons)

    1. ___ mid-sized moons

      a. Herschel - 2 largest in 1789:

         __________  & _________

      b. Later: Ariel, Umbriel, Miranda

    2. 10 small, inner moons (Voyager II)

    3. At least ____ found since ‘97

    4. Moon properties

      a. All near ____________ plane

      b. Tidally locked, nearly 
            ________orbits 
      c. “______________”

   5. Outer moons & rings are ________
      a. Soot?  Radiation darkening?

      b. _________  darkest (1 bright spot)

      c.  __________- wide range of terrain
  B. Neptune’s moons (____ so far)

    1. At least ___ have irregular orbits

    2. ____________ (1846)

      a. Circular, *_____________orbit

      b. #____ of large moons 

      c. Surface temp. (  ____ K  

      d. Liquid ___________ geysers!

   3. Origin & future of Triton

     a. Probably ___________

     b. Retrograde orbit slows it – doomed!
VII. Rings

  A. Uranus rings discovered by

       stellar __________________ (1977)
  B. Neptune: Voyager __ (’89) - __ rings

  C. Rings  common –standard formation?

