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Solar System 2 – The Outer 
Jovian Planets and Small Bodies 



Outer Jovian Planets 
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Gas Giants and Ice Giants 



Gas Giant Planets 

•  Composed mainly of Hydrogen and 
Helium  

•  90% H and He by mass 
•  Jupiter 
•  Saturn 

Elizabeth Charlton, 2015 3 



Major Characteristics 

•  What are the major characteristics of each 
of the outer planets? 
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"Jupiter New Horizons" by NASA/Johns Hopkins University Applied Physics Laboratory/
Southwest Research Institute - National Aeronautics and Space Administration. Licensed under 
Public Domain via Commons - https://commons.wikimedia.org/wiki/
File:Jupiter_New_Horizons.jpg#/media/File:Jupiter_New_Horizons.jpg 



Jupiter 

•  Largest planet 
•  Vivid cloud bands  
•  Fast rotation ( every 10 hours) 
•  Composition mainly H, He, and H 

compounds 
•  Faint rings 
•  Many, many moons (at least 67) 
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"Saturn Storm" by NASA/JPL-Caltech/SSI - http://www.jpl.nasa.gov/news/news.cfm?
release=2011-203. Licensed under Public Domain via Commons - https://
commons.wikimedia.org/wiki/File:Saturn_Storm.jpg#/media/File:Saturn_Storm.jpg 

"Saturn from Cassini Orbiter (2007-01-19)". Licensed under Public Domain via 
Commons - https://commons.wikimedia.org/wiki/
File:Saturn_from_Cassini_Orbiter_(2007-01-19).jpg#/media/
File:Saturn_from_Cassini_Orbiter_(2007-01-19).jpg 

"Saturn-27-03-04" by Rochus Hess - Homepage of 
Rochus Hesshttp://members.aon.at/astrofotografie/
galerie/sonnensystem/he_saturn.htm. Licensed under 
Attribution via Commons - https://
commons.wikimedia.org/wiki/
File:Saturn-27-03-04.jpeg#/media/
File:Saturn-27-03-04.jpeg 



Saturn 

•  Bright rings 
•  Faint cloud bands 
•  Ammonia ice in clouds 
•  Main composition H, He, H compounds 
•  Structure similar to Jupiter 
•  Many moons (53 named moons) 



Ice Giants 

•  Composed mainly of substances heavier 
than hydrogen and helium. 

•  20% H and He by mass 
•  Uranus 
•  Neptune 
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"Uranus2" by NASA/JPL-Caltech - http://web.archive.org/web/20090119235457/http://
planetquest.jpl.nasa.gov/milestones_show/slide1.html (image link)http://photojournal.jpl.nasa.gov/
catalog/PIA18182 (image link). Licensed under Public Domain via Commons - https://
commons.wikimedia.org/wiki/File:Uranus2.jpg#/media/File:Uranus2.jpg 

"Uranusandrings" by Hubble Space Telescope - NASA Marshall Space 
Flight Center - http://www.astronomy.com/asy/default.aspx?c=a&id=1226 : 
from http://hubblesite.org/newscenter/archive/releases/2002/28/image/k/ or 
http://hubblesite.org/newscenter/archive/releases/1998/35/image/a/. 
Licensed under Public Domain via Commons - https://
commons.wikimedia.org/wiki/File:Uranusandrings.jpg#/media/
File:Uranusandrings.jpg 



Uranus 

•  Blue methane rich atmosphere 
•  No cloud bands visible 
•  Rotates on its side 
•  Large mantle of liquid/ice slush 

– Ammonia, methane, water, and hydrogen  
•  Faint rings and multiple moons (27 known) 
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"Neptune Full" by NASA - JPL image. Licensed under Public Domain via Commons - https://
commons.wikimedia.org/wiki/File:Neptune_Full.jpg#/media/File:Neptune_Full.jpg 



Neptune 

•  Blue methane rich atmosphere 
•  Cloud bands visible 
•  Fast rotation and axis is upright 
•  Structurally similar to Uranus 
•  Extremely fast winds (up to 2200 km/hr) 
•  Faint rings and multiple moons 



Their Structure 

"Gas Giant Interiors". Licensed under Public Domain via Commons - https://
commons.wikimedia.org/wiki/File:Gas_Giant_Interiors.jpg#/media/File:Gas_Giant_Interiors.jpg 



Common characteristics 

•  Your thoughts? 
•  Size 
•  Structure 
•  Composition (H, He, and H compounds) 
•  High pressure and temperature in core 
•  Rings and many moons (covered later) 



Reasons 

•  Understanding the characteristics of the 
outer planets is important 

•  Understanding what causes those 
characteristics is better 



Size 

•  Why do they have a larger size? 

•  Here gases were not driven off by Sun 
•  Gravity pulled both solids and gases 

together 
•  More material -> larger size 



Coloration 
•  What cause them to be different colors? 

–  Composition of the upper atmosphere 

Jupiter – wide variety of  
 molecules 

Saturn – ammonia ice 

Uranus – methane 

Neptune - methane 
"Gas giants in the solar system" by NASA - JPL image. Licensed under 
Public Domain via Commons - https://commons.wikimedia.org/wiki/
File:Gas_giants_in_the_solar_system.jpg#/media/
File:Gas_giants_in_the_solar_system.jpg 



Structure 

•  What causes this structure? 

•  Mostly composed of gas  
•  Gravity compresses gases as you move 

inward 
•  When gases are compressed enough, 

they form liquids 



Structure 
•  What would happen if a space ship went to the 

Jovian planets? 
•  There is no “surface” to land on 
•  Probably wouldn’t get to the core 



Weather patterns 

•  What causes the weather we see on the 
planets? 
– Large atmosphere and fluid layers 
– Fast rotation 
– Uneven heating 
– Large scale convection and Coriolis Effect 
– Wind bands develop 
– Storms form at the boundaries 



Uranus, weather and seasons 

Image from: The Atmosphere, 5th edition 



Rings and Moons 

•  All have rings and many moons 



Natural Satellites 

•  Regular Moons:   
–  those moons which formed with their planet 

•  Irregular Moons:  
–  formed elsewhere – then captured  

•  Rings:   
–  tiny particles orbiting the planet 



In-class Discussion 

•  How are the Jovian planets different than 
the inner planets? 

•  For one of the differences above, explain 
why they have this difference 

•  What is 1 similarity between the outer and 
inner planets 



Small Bodies 



Asteroids 



Small Bodies 

•  What are they? 
– Dwarf Planets  
– Asteroids 
– Meteoroids 
– Comets 



Asteroids 

•  remnants of planetisimals 
•  a small rocky fragment that orbits the sun 
•  too small to be planet 
•  doesn't orbit a planet 

"(253) mathilde" by NASA - http://nssdc.gsfc.nasa.gov/imgcat/html/object_page/
nea_19970627_mos.html. Licensed under Public Domain via Commons - https://
commons.wikimedia.org/wiki/File:(253)_mathilde.jpg#/media/File:(253)_mathilde.jpg 



Composition 

•  Varied 
– Some mostly rock 
– Some mostly iron 
– Some are a mixture of rock and iron  
– Organic compounds and water have been 

detected 



"InnerSolarSystem-en" by Mdf at English Wikipedia - Transferred from en.wikipedia to Commons.. 
Licensed under Public Domain via Commons - https://commons.wikimedia.org/wiki/
File:InnerSolarSystem-en.png#/media/File:InnerSolarSystem-en.png 



Pluto 



Pluto: planet or small body? 

"Pluto-01 Stern 03 Pluto Color TXT" by NASA / JHUAPL / SWRI - http://www.nasa.gov/sites/
default/files/thumbnails/image/crop_p_color2_enhanced_release.png (Converted to JPEG). 
Licensed under Public Domain via Commons - https://commons.wikimedia.org/wiki/
File:Pluto-01_Stern_03_Pluto_Color_TXT.jpg#/media/
File:Pluto-01_Stern_03_Pluto_Color_TXT.jpg 



Pluto: planet or small body? 
•  By our definition of a planet: 

–  is in orbit around the Sun,  
– has sufficient mass so that it assumes a 

hydrostatic equilibrium (nearly round) shape, 
and  

– has NOT "cleared the neighborhood" around 
its orbit.  

•  Pluto is NOT  a planet 



Pluto, not like the others 

•  What is different? 
•  Composition:  98% Nitrogen ice with 

traces of methane and carbon monoxide 
•  Eccentric orbit (comes closer to the Sun 

than Neptune) 
•  Orbit is inclined 
•  Spin axis is tilted (120 degrees) 



Pluto, not like the others 

•  Similar to asteroid or comet 
•  Other asteroid/comets found at a similar 

distance to the Sun 
•  Theories: 

– Pluto is really large asteroid/comet, pulled in 
by Neptune’s gravity 

– Pluto is first discovered of a class of objects 
beyond Neptune 



Trans-Neptunian Objects 
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Dwarf Planets 

•  Pluto 
•  Eris 
•  Ceres 
•  Haumea 
•  Makemake 

"PIA19562-Ceres-DwarfPlanet-Dawn-RC3-
image19-20150506" by NASA/JPL-
Caltech/UCLA/MPS/DLR/IDA - http://
photojournal.jpl.nasa.gov/jpeg/
PIA19562.jpg. Licensed under Public 
Domain via Commons - https://
commons.wikimedia.org/wiki/
File:PIA19562-Ceres-DwarfPlanet-Dawn-
RC3-image19-20150506.jpg#/media/
File:PIA19562-Ceres-DwarfPlanet-Dawn-
RC3-image19-20150506.jpg 

"Nh-pluto-in-true-color 2x JPEG" by NASA / 
Johns Hopkins University Applied Physics 
Laboratory / Southwest Research Institute - 
http://pluto.jhuapl.edu/Multimedia/Science-
Photos/image.php?
gallery_id=2&image_id=243. Licensed 
under Public Domain via Commons - https://
commons.wikimedia.org/wiki/File:Nh-pluto-
in-true-color_2x_JPEG.jpg#/media/File:Nh-
pluto-in-true-color_2x_JPEG.jpg 

"Eris and dysnomia2" by NASA, ESA, and M. Brown 
- http://www.nasa.gov/mission_pages/hubble/news/
eris.html . Originally uploaded to en.wikipedia by 
en:User:Serendipodous. For more information, see 
the description page. Licensed under Public Domain 
via Commons - https://commons.wikimedia.org/wiki/
File:Eris_and_dysnomia2.jpg#/media/
File:Eris_and_dysnomia2.jpg 

"2003 EL61 Haumea, with moons" by 
CalTech, Mike Brown et al. - Keck 
Telescope, CalTech. Licensed under Fair 
use via Wikipedia - https://
en.wikipedia.org/wiki/File:
2003_EL61_Haumea,_with_moons.jpg#/
media/File:
2003_EL61_Haumea,_with_moons.jpg 

"Makemake hubble" by NASA - Hubble Space Telescope - 
Email from Mike Brown (discoverer of Makemake), December 
5, 2008. Licensed under Public Domain via Commons - 
https://commons.wikimedia.org/wiki/
File:Makemake_hubble.png#/media/
File:Makemake_hubble.png 
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Comets 



Comets 

•  What are they? 
–  Ice and rock bodies in 

eccentric orbit 
•  What do they look 

like? 
–  Bright center nucleus 

with coma 
–  Long glowing tail 

stretched out behind 
"Comet 67P on 19 September 2014 NavCam mosaic" by ESA/Rosetta/NAVCAM, CC BY-SA 
IGO 3.0. Licensed under CC BY-SA 3.0-igo via Commons - https://commons.wikimedia.org/
wiki/File:Comet_67P_on_19_September_2014_NavCam_mosaic.jpg#/media/
File:Comet_67P_on_19_September_2014_NavCam_mosaic.jpg 



Comets 

"Comet Parts" by NASA Ames Research Center/K. Jobse, P. Jenniskens - 
NASA:http://solarsystem.nasa.gov/multimedia/display.cfm?
IM_ID=903http://solarsystem.nasa.gov/multimedia/gallery/
Comet_Parts.jpg. Licensed under Public Domain via Commons - https://
commons.wikimedia.org/wiki/File:Comet_Parts.jpg#/media/
File:Comet_Parts.jpg 

"Infrared Structure of Comet Holmes" by NASA/JPL-Caltech/W. Reach (SSC-Caltech) - http://
www.spitzer.caltech.edu/images/2742-ssc2008-18a-Anatomy-of-a-Busted-Comet. Licensed under 
Public Domain via Commons - https://commons.wikimedia.org/wiki/
File:Infrared_Structure_of_Comet_Holmes.jpg#/media/
File:Infrared_Structure_of_Comet_Holmes.jpg 



Comets 

•  Far away from sun: 
– Comet is just frozen nucleus 

•  As it approaches sun: 
– Comet starts to sublimate 

•  As it encounters solar wind: 
– Tail stretches out behind nucleus 



"Cometorbit". Licensed under Public Domain via Commons - https://commons.wikimedia.org/wiki/
File:Cometorbit.png#/media/File:Cometorbit.png 



Solar Wind 

•  Constant low density flow of gas and charged 
particles off of sun 

"Solar wind Speed interplanetary magnetic 
field" by NASA – Marshall Space Flight 
Center - http://
solarscience.msfc.nasa.gov/
SolarWind.shtml. Licensed under Public 
Domain via Commons - https://
commons.wikimedia.org/wiki/
File:Solar_wind_Speed_interplanetary_ma
gnetic_field.jpg#/media/
File:Solar_wind_Speed_interplanetary_ma
gnetic_field.jpg 



Meteroids, Meteors, and 
Meteorites 
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Meteoroids 

•  A very small asteroid 
•  A small inter-planetary rock 
•  The distinction is fuzzy 

•  They are in space 
•  Don’t confuse with meteors or meteorites 

… 



Subtle Differences 

•  meteoroid –  
– a small inter-planetary rock 

•  meteor –  
– meteoroids which have hit Earth's atmosphere 

•  meteorite –  
–  remnant of a meteor which reaches the 

ground 
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"Meteoroid meteor meteorite" by Anynobody - Own work by uploaderThis file was created with 
Blender.. Licensed under CC BY-SA 3.0 via Commons - https://commons.wikimedia.org/wiki/
File:Meteoroid_meteor_meteorite.gif#/media/File:Meteoroid_meteor_meteorite.gif 



Meteor 
•  “Shooting Star” 
•  Heating due to friction 

(collisions) with air 
particles in the Earth’s 
atmosphere 

•  Glowing material is 
shed from main body 
creating the bright 
streak we see 

•  Atmospheric gases also 
heat as meteor passes 
through 
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"Cosmic Fireball Falling Over ALMA" by ESO/C. Malin - http://www.eso.org/public/images/
potw1414a/. Licensed under CC BY 4.0 via Commons - https://commons.wikimedia.org/wiki/
File:Cosmic_Fireball_Falling_Over_ALMA.jpg#/media/
File:Cosmic_Fireball_Falling_Over_ALMA.jpg 



Meteorites 

•  Three main classifications 
–  irons 
– stone 

•  chondrites 

– stony-irons 
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"NWA869Meteorite" by H. Raab (User:Vesta) - Own work. Licensed under CC BY-SA 3.0 via 
Commons - https://commons.wikimedia.org/wiki/File:NWA869Meteorite.jpg#/media/
File:NWA869Meteorite.jpg 



Impacts on the Earth 



Impacts do occur 

•  How often does something hit the 
atmosphere? 

•  depends on size 
•  small objects impact all the time 
•  large objects impact very rarely 





Small Impacts 

•  small objects are seen as meteors  
•  many just dust size 

– burn up in atmosphere 
– no lasting visible effect  

•  Meteor showers … 
– High rate of meteors entering atmosphere 

from the same region of space 



Larger Impacts 

•  as size of object increases,  
•  more likely to reach surface 
•  more damage on impact 

•  Craters!!! 



Craters 

•  Craters are easily seen on Moon 
•  but not on Earth, why? 

– atmosphere protects us from some 
– craters erode due to weathering 
– craters hidden by oceans 
– craters hidden by vegetation 



Craters on Earth 

•  Over 200 craters have been identified on 
Earth 
– mostly really big ones or young ones 



Barringer Crater 

•  Meteor hit about 50,000 years ago 
•  How big? 

– 50m diameter,  300,000 tons  

"Barringer Crater aerial photo 
by USGS" by USGS/D. Roddy - 
http://www.lpi.usra.edu/
publications/slidesets/craters/
slide_10.html / http://
www.lpi.usra.edu/publications/
slidesets/craters/images/
10_METEOR_AERIAL.TIF. 
Licensed under Public Domain 
via Commons - https://
commons.wikimedia.org/wiki/
File:Barringer_Crater_aerial_ph
oto_by_USGS.jpg#/media/
File:Barringer_Crater_aerial_ph
oto_by_USGS.jpg 



Yucatan, Mexico 

"Yucatan chix crater" by NASA/JPL-Caltech, modified by David Fuchs at en.wikipedia - Modified 
NASA image, with scale and labels to increase clarity by David Fuchs.Original: http://
photojournal.jpl.nasa.gov/catalog/PIA03379Transferred from en.wikipedia to 
Commons by TheDJ using CommonsHelper.. Licensed under Public Domain via Commons - 
https://commons.wikimedia.org/wiki/File:Yucatan_chix_crater.jpg#/media/
File:Yucatan_chix_crater.jpg 



Yucatan, Mexico 

•  called “Chicxulub crater” 
•  crater is 200 km across 
•  impact estimated at 65 million years ago 
•  asteroid responsible ~ 6 -12 miles wide 



Yucatan, Mexico 

•  impact threw material into atmosphere 
•  molten hot rocks would have rained down  
•  dust would have blocked out sun 
•  added CO2 and Sulfur smog to 

atmosphere 
•  implicated in mass extinction of dinosaurs 


