
NEXT:  The Giant Planets 

l  The giant planets are Jupiter, Saturn, Uranus, and Neptune. 



The Giant Planets 

l  The radii are between about 4 and 11 times that of Earth. 
l  The masses are between 14 and 318 times that of Earth. 
l  However, the densities are low, between 0.7 and 1.8 grams/cc, and 

the albedos are high (highly reflective of light). 
l  The planets are composed of light elements, mostly hydrogen and 

helium. 
l  The composition of the giant planets, especially Jupiter, is close 

to that of the Sun. 
l  The external structures of these planets is completely different from 

that of the Earth.  In particular, there is no hard surface. 
l  These planets are relatively far from the Sun (more than 5 times the 

Earth-Sun distance), so heating by the Sun is not a big factor. 



Jupiter 

l  Jupiter is by far the most massive planet in the solar 
system (it contains about 2/3 of the solar system 
mass outside the Sun). 

l  It has the largest radius of any solar system planet, 
and it rotates the fastest (once every 10 hours). 

l  It has at least 63 moons. 
l  It has no solid surface. 
l  In many categories, Jupiter is the most extreme case. 

*  

*  

*  
* = missions that orbited 

around Jupiter.  

Movie: Jupiter the Giant Planet_ The Universe 



Jupiter’s Weather 

l  Owing to its rapid rotation, Jupiter has a very 
turbulent atmosphere, which is composed mostly of 
methane and ammonia (both hydrogen rich). 

l  The most famous feature on Jupiter is the         
         Great Red Spot. 



Jupiter’s Weather 

•  Jupiter rotates very quickly, completing a rotation every 10 hours.  
•  This rapid rotation drives high speeds winds and storms. 
•  Different colors correspond to different temperatures, chemical 

compositions, and heights. (Great Red Spot-Phosphorus?) 



The Great Red Spot 

l  The Spot is at least 200 years 
old. 

l  It is basically a giant hurricane, 
roughly three times the size of 
Earth, with wind speeds >300 
mph. 

l  Smaller features are also 
evident. 

l  Presumably the persistence of 
the Great Red Spot is related to 
the fact that it never comes over 
land, as in the case of a 
hurricane on Earth, and that it 
is driven by Jupiter's internal 
heat source. 

 
http://www.youtube.com/watch?v=C_1hihXOAjw 
Voyager_1_Approaching_Jupiter.flv 



Other Storms on Jupiter 

l  3 smaller storms merging 
into one larger storm. 

RSJ 
Formed in 2000 



Comet Shoemaker-Levy 9 (1994) 
Comet Shoemaker–Levy 9 (discovered in 1993) was a comet that broke apart 
and collided with Jupiter in July 1994, providing the first direct observation of 
an extraterrestrial collision of Solar System objects. 

•  Galileo detected a fireball which 
reached a peak temperature of 
about 24,000K 

•  The Galileo spacecraft was on its 
way to Jupiter and took pictures. 

•  The impact threw up material 
from deep below the visible 
clouds. 

•  One of the surprises of the 
impacts was the small amount of 
water revealed compared to prior 
predictions. 

http://www.youtube.com/watch?
v=DgOTcIfU75Y 



Jupiter’s Interior 
l  There is no way to directly study the 

deep interior parts, we rely on 
computer models. 

l  The interior should be hot (35,000 K), 
with a solid rocky core, possibly 
surrounded by liquid. 

l  The solid rocky core is estimated to 
have a mass of ~10-20 times the Earth 
mass. A solid core is needed in order to 
have enough gravity to attract the light 
gases later on. 

l  The gaseous outer atmosphere 
surrounds molecular and liquid metallic 
hydrogen and helium. 

l  The composition of the planet overall is 
very similar to the Sun, 90%H, 10%He. 



Jupiter’s Moons 

l  Jupiter has 4 fairly large 
moons, discovered by 
Galileo in 1610, and at least 
59 other moons, all 
significantly smaller. 

l  The largest moon is larger 
than Mercury. 

These moons are much more interesting than you might think!! 
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http://en.wikipedia.org/wiki/File:Galilean_moon_Laplace_resonance_animation.gif 



Jupiter’s Moons and their Densities 

The 4 Galilean moons have 
small rocky or iron cores.   
 
They have similar densities to 
our Moon, indicating that each 
contains a thick layer of 
water and ice. 

3570 

2970 

1940 

1860 

Densities 
Our Moon=3340 kg/m3 



Io 

   These Voyager images show both sides of Io. The range of colors results 
from surface deposits of sulfur ejected from Io’s numerous volcanoes. 
The surface of Io is unlike that of any other solar system body.  There are 
no impact craters, so its surface must be young. 



Io 

There are active volcanoes on Io. 

http://www.youtube.com/watch?v=hcDjks0eRKQ 

Plumes from the volcano Prometheus 
rise up 100 km.  
 
Prometheus has been active in every 
image taken of Io since the Voyager 
flybys of 1979. 
 
With over 400 active volcanoes, Io is 
the most geologically active 
object in the Solar System. 



Io 

l  There are active volcanoes on Io, plus mountain ranges.	

l  No ice on surface.	

l  Several volcanoes produce plumes of sulfur and sulfur dioxide that climb 

as high as 500 km (300 mi) above the surface.	




Volcanoes on Io – Why?? 
l  Io’s surface is constantly altered by volcanoes spewing Sulfur. 
l  On Earth, the energy for geological activity comes from 

radioactivity and heat of formation. 
l  However, Io’s size is relatively small (~ our moon), so it should 

have relatively little heat left from its formation period. 
l  The heating source turns out to be Jupiter’s gravity, which 

compresses Io as its orbits. Io has a slightly eccentric orbit so 
that it’s distance from Jupiter changes in time, and the 
gravitational force on Io changes also. The changing gravity 
results in a changing compression on the moon. 

l  There is a “land tide” of up to 8 meters! 



Europa 

l  Europa has a very smooth 
surface, and it may have an 
ocean of liquid water 
underneath the surface. 

l  Europa is covered by 
numerous streaks and cracks 
that give the satellite a 
fractured appearance. The 
streaks are typically 20 to 40 
km wide. 

l  Could there be primitive life 
in subsurface oceans?	


Tidal flexing kneads Europa's interior and gives the moon a source of heat, possibly 
allowing its ocean to stay liquid while driving subsurface geological processes. 



Surface Features on Europa 

This false-color Galileo image of Europa combining visible 
and infrared observations shows smooth plains of ice, 
mineral ridges deposited by upwelling water, and 
numerous fractures believed to be caused by tidal stresses. 



Surface Features on Europa 

This region of Europa’s surface shows the jumbled, stressed features 
common to the surface, as well as direct indications of liquid water 
activity underground. 



2 Models of Europa’s interior Life in hydrothermal vents. 

Sunlight is nonexistent, so many organisms – 
extremophiles - convert the heat, methane, and 
sulfur compounds provided by black smokers 
into energy through a process called 
chemosynthesis. More complex life forms, such 
as clams and tubeworms, feed on these 
organisms.  
 
These organisms on Earth exist independently of 
the Sun. 



Life in Lake Vostok, Antartica? 

 
The lake was drilled into by Russian scientists in 
2012.  The lake water itself may have been 
isolated for 15 to 25 million years. On 5 February 
2012, a team of Russian scientists claimed to 
have completed the longest ever ice core of 
3,768 m and pierced the ice shield to the surface 
of the lake. As soon as the ice was pierced, water 
from the underlying lake gushed up the borehole. 
 

Living micro-organisms have been found in Lake Vostok's deep ice core drillings. This 
suggests the presence of a deep biosphere utilizing a geothermal system of the bedrock 
encircling the subglacial  lake. There is optimism that microbial life in the lake may be 
possible despite high pressure, constant cold, low nutrient input, potentially high 
oxygen concentration and an absence of sunlight.  
 

  Jupiter’s moon Europa and Saturn’s moon Enceladu s may also harbor 
lakes or oceans below a thick crust of ice. Any confirmation of life in Lake 
Vostok could strengthen the prospect for the presence of life on icy moons. 

The surface of this fresh water lake is 
approximately 4,000 m under the 
surface of the ice. 



Ganymede 

This side of Ganymede is dominated by the huge, dark, circular region which is the 
largest remnant of Ganymede’s ancient crust. Darker areas of the moon are older; 
lighter areas are younger, tectonically deformed regions. The light white areas in 
and around some craters indicate the presence of water ice. Large impacts 
create white craters, filled in by ice from below the surface. 
>>The surface is not geologically active today. 

Density=1940 kg/m3 

Surface is ~1/2 rock, ~1/2 ice 



Two Surfaces of Ganymede 

The older, rougher, more heavily cratered parts of Ganymede are the dark terrain. 
These regions are surrounded by younger, smoother, less cratered bright terrain. The 
parallel ridges suggest that the bright terrain has been crafted by tectonic processes. 



Callisto 

•  The outermost Galilean satellite is almost 
exactly the same size as Mercury.  

•  Numerous craters pockmark Callisto’s 
icy surface.  

•  The series of faint, concentric rings that 
cover much of this image is the result of a 
huge impact that created the impact 
basin Valhalla. Valhalla dominates the 
Jupiter-facing hemisphere of this frozen, 
geologically inactive world. 

•  It is speculated that there is a subsurface 
ocean. 

Movie: Europa Jupiter System Mission 
Launch in 2020-arrive 2032  



Jupiter’s Rings 

Jupiter also has dark rings, comprised mainly of dust, not ice 
like the rings of Saturn. They were discovered by Voyager in 
the late 1970s. 



Saturn 

l  The most obvious feature of Saturn is its large ring system, which has 
been known for more than 300 years. 



Saturn 

l  Saturn has the lowest density of any planet 687 kg/m3, 
less than that of water! 

l  Saturn is big, about 95 Earth masses. 
l  The outer atmosphere is very cold, ~100K 
l  The composition of Saturn is similar to that of Jupiter, 

96% H, 4% He. 
l  Saturn also rotates rapidly, once every 10 hours or so. 
l  Saturn’s weather is like that on Jupiter, although the 

contrast between different bands is much less, and the 
wind speeds are lower. 



Saturn 

Note the band-like structure in the clouds. 
Introducing Saturn.flv 


