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4. Solar System II: Jovian planets 



An overview of the known Solar System 

• The Sun 

 

• 4 terrestrial planets: Mercury, Venus, The Earth, Mars 

 

• 4 Jovian planets: Jupiter, Saturn, Uranus, Neptune 

 

• 5 dwarf planets: Pluto, Ceres,                                                                  
Eris, Haumea, Makemake 

 

• Moons, asteroids, comets,                                                                                   
meteoroids, trans-Neptunian                                                            
objects, interplanetary dust 

 

• Oort cloud 



4.1 Jupiter 

Jupiter: quick facts 

Mean distance from the Sun 5.2 AU 

Orbital period 11.9 Earth years 

Diameter 143 000 km (11.2 dEarth) 

Mass 1.9x1027 kg (318 MEarth) 

Mean density 1.3 g/cm3 

Surface temperature min mean max 

1 bar -108 oC   

0.1 bar -161 oC    

Atmosphere Thick (H2, He) 

Moons 67 known moons 



• Jupiter is covered with a uniform cloud 
layer. Clouds in Jupiter’s atmosphere 
are arranged into bands at different 
latitudes. 
– Lighter-hued zones are areas of rising 

convection; whereas, darker belts are sites 
of atmospheric downwelling.  

– The interaction between zones and belts 
causes storms and turbulence. 

– Wind speeds surprisingly high: even        
600 m/s 

 

• Great Red Spot: 
– An anticyclonic storm (area of high 

pressure) larger than Earth in diameter. 
– The red color probably from phosphoric 

compounds. 
– Has existed at least 350 years! 

 

• Jupiter radiates more heat than it 
receives from the Sun  The planet is 
constantly contracting (2 cm/year)! 
– Originally, the radius was twice as large? 

 

Above: The most detailed global color 
map of Jupiter ever produced. The south 
pole is in the center of the map and the 
equator at the edge. Constructed from 
images taken by Cassini flyby in 2000. 



• The internal structure:  
– Atmosphere composed of hydrogen, 

helium, methane and ammonia; 5000 
km thick. 

– Below the atmosphere, there is a layer 
of liquid hydrogen, 20 000 – 25 000 km 
thick. 

– The core is surrounded by a thick layer 
of metallic, highly conducting hydrogen 

• Atoms get compressed and the electrons 
can move freely, making H electrically 
conductive. 

– The core is suspected to be rocky, but is 
most likely not solid at that pressure and 
temperature. 

 

• Strong magnetic field, generated by 
flows in the layer of metallic hydrogen. 

 
• Planetary rings: 

– One faint, thin main ring; also dust 
orbiting the planet both inside and 
outside the ring. 

– Origin: dust is impact debris from the 
moons; spirals inwards.  



• Jupiter has been studied by the 
following space missions:  
– Pioneer 10 and 11 (flybys, 

1970’s). 
– Voyager 1 and 2 (flybys, 1979-

80). 
– Cassini (flyby, 2000). 
– Galileo (orbiter, 1995-2003). 
– New Horizons (flyby, 2007). 

 

 

Animation: Voyager 1 probe approaching 
Jupiter during the flyby in 1979. One image 
was taken every Jupiter day (approx. every 
10 hours) for 28 days.  

Artist’s concept of Galileo at Io.  



Moons of Jupiter 

• 67 moons; 63 of these are less than 250 km in diameter, some of them have been 
found only recently. Both icy and rocky moons, and can be on prograde or 
retrograde orbits with high eccentricity and inclination. New small moons that 
orbit far from the planet are likely to be found more in the future. 
 

• 4 largest: the Galilean moons Io, Europa, Ganymede, and Callisto. Other 63 moons 
and the planetary rings together comprise 0.003% of the total orbiting mass. 



• Io: 
– An active surface: constantly ongoing volcanic eruptions  

young surface. Geological activity due to tidal heating. 
– Red, yellow, and brown colors from sulfur compounds? 

 
• Europa: 

– Covered with a smooth, icy surface. Cracks and streaks but 
practically no craters.  

– Thickness of water layer is about 100 km; some as frozen ice, 
some as liquid ocean  speculations of extraterrestrial life.  

 
• Ganymede: 

– Variations in the surface: rocky with signs of impacts, polar 
caps (water ice, frost?), dark plain named Galileo Regio (a 
series of concentric grooves  a period of geologic activity?) 

– Composed of approximately equal amounts of silicate rock 
and water ice.  

– Differentiated internal structure with an iron-rich, liquid core 
 magnetic field. 

 
• Callisto: 

– Old, rocky surface filled with mainly small impact craters. 
– Composed of about equal amounts of silicates and ice. 
– The crust is relatively thin  some measurements suggest a 

liquid ocean beneath the surface. 



4.2 Saturn 

Saturn: quick facts 

Mean distance from the Sun 9.6 AU 

Orbital period 29.5 Earth years 

Diameter 120 500 km (9.4 dEarth) 

Mass 5.7x1026 kg (95 MEarth) 

Mean density 0.7 g/cm3 

Surface temperature min mean max 

1 bar -139 oC   

0.1 bar -189 oC    

Atmosphere Thick (H2, He) 

Moons 62 known moons 



• Saturn appears very similar to 
Jupiter with dark belts and light 
zones, although fainter. 
 

• Shaped like an oblate spheroid 
(flattened at the poles; equatorial 
and polar radii differ by almost 
10%) 
– Due to low density, rapid rotation, 

and fluid state. 
 

• Radiates 2.5 times more energy 
than it receives from the Sun.  
– Explained at least partly by 

gravitational compression as in 
Jupiter. 

– Droplets of helium falling deep in 
Saturn’s interiors and generating 
heat by friction?  
 

• Planetary magnetic field 
generated by a layer of metallic 
hydrogen.  
– Strength 1/20 of Jupiter’s; a bit 

weaker than Earth’s. 

Above: Image of Saturn by Jyri Näränen (Nordic 
Optical Telescope). Below: Internal structure. 



• Largest rings of all gas giants: consist of small 
bodies and particles orbiting Saturn. 
– The composition and size of the particles have 

been studied with Voyager, Cassini, and Earth-
based radars. 

• Mainly composed of water ice, also mineral dust. 
• Size generally varies from sugar cube to beach ball 

(also meter-sized and really small grains). 
 

– Main rings are separated by clear, dark bands: 
e.g., Cassini Division. The dark areas are not 
completely depleted – some faint rings exist 
there as well.  

 
– The rings are subdivided into tens of 

thousands of thin rings due to resonance. 
• An effect resulting of the joint gravitation of a 

large number of particles  challenging to 
simulate!  

 

– The width of the main ring system is about     
70 000 km but the thickness varies from a few 
meters up to about 3 km. 

• The inhomogeneities in the rings are due to the 
gravity effects of nearby moons. 



• Space missions to Saturn: 
– Pioneer 11 (flyby, 1979). 

– Voyager 1 and 2 (flybys, 
1980-81). 

– Cassini-Huygens (2004 ). 

Cassini orbiting Saturn; artist’s concept. 

Cassini-Huygens – a success: 
 

Was launched in 1997, settled into   
orbit around Saturn in 2004. 
Continued until 2017. 

Huygens probe separated in 
December 2004 and landed in Titan in 
January, 2005. 



Saturn eclipsing the Sun; image by Cassini spacecraft.  



Details of the rings; combined images by Cassini spacecraft.  



• A new ring system was 
found in 2009 around 
Saturn: Phoebe ring. 
– Found with IR observations; 

does not reflect much light. 
– The diameter much larger 

than that of the main rings; 
tilted 27o.   

– Origin: probably matter 
from the moon Phoebe 
(orbits Saturn inside the 
ring).  

– The ring could explain the 
peculiar appearance of 
Saturn’s 3rd largest moon, 
Iapetus. 

Iapetus, Saturn’s 3rd largest moon, by 
Cassini. The newly-found ring is 
probably the explanation to the darker 
areas on the surface discovered by 
Cassini: particles are hitting on Iapetus. 
The equatorial ridge, also found by 
Cassini, remains unexplained. 



• Saturn’s largest moon 
Titan: 
– Diameter 50% larger than 

the Moon’s  2nd largest 
moon in the Solar System. 

– Thick atmosphere (mainly 
N2); pressure on the 
surface is 2 atm. 

– Reddish clouds uniformly 
covering the moon. 

– Methane circulates 
similarly as water on 
Earth: flows in rivers, 
evaporates, forms clouds, 
and rains back to the 
surface. 

– Methane and ethane 
lakes in polar regions. 

– Internal structure half-
rock, half-water ice; no 
differentiation? 
 
 



4.3 Uranus 

Uranus: quick facts 

Mean distance from the Sun 19.2 AU 

Orbital period 84.3 Earth years 

Diameter 51 100 km (4 dEarth) 

Mass 8.7x1025 kg (14.5 MEarth) 

Mean density 1.3 g/cm3 

Surface temperature min mean max 

1 bar -197 oC   

0.1 bar -220 oC    

Atmosphere Thick (H2, He) 

Moons 27 known moons 



• Discovered in 1781 by Sir William Herschel. 
 

• Space missions so far: Voyager 2 flyby in 1986 
(location was optimized for getting to 
Neptune, not for taking best-possible images 
of Uranus) and New Horizons flyby in 2011. 

 
• Rotational axis tilted 98o  rotates on its side! 
 
• Together with Neptune forms a gas giant 

subclass: ice giants. 
– Less H and He, more heavier elements. 
– Higher proportion of ices (water, ammonia, 

methane). 
 

• Clouds composed of water (lower) and 
methane (uppermost layer). Interior composed 
of rock and ices. 
 

• A strong magnetic field with an axial tilt of     
59o compared to the rotation axis.  
 
 

A false-color image (near-IR) of 
Uranus, showing cloud bands, 
rings, and some of the moons  
(Hubble). 



• Uranus has 27 moons. The five 
largest are Miranda, Ariel, 
Umbriel, Titania, and Oberon 
(500-1500 km in diameter).  
– Composed of ice and rock; 

some craters and cracks on the 
surfaces. 

– Some of the smaller, irregular 
moons on retrograde orbits. 
 

• Planetary rings: 
– 13 known, separate thin rings, 

these are subdivided to a large 
number of thinner rings. 

– Relatively young, not formed 
during planet formation. 

– Dust found also in between the 
rings. 
 

Rings of Uranus as observed by 
Voyager 2 (false-color image; above) 
and artist’s concept (below). 



4.4 Neptune 

Neptune: quick facts 

Mean distance from the Sun 30.1 AU 

Orbital period 164.8 Earth years 

Diameter 49 500 km (3.9 dEarth) 

Mass 1.0x1026 kg (17.1 MEarth) 

Mean density 1.6 g/cm3 

Surface temperature min mean max 

1 bar -201 oC   

0.1 bar -218 oC    

Atmosphere Thick (H2, He) 

Moons 13 known moons 



• Discovered in 1846 by mathematical 
prediction after perturbations in the 
orbit of Uranus had been detected. 
 

• Only space mission so far: Voyager 2 
flyby in 1989. 
– New Horizons flyby in August, 2014. 

 

• Appears somewhat similar to Uranus 
but instead of being covered in light 
haze, had active, visible weather 
patterns during the flyby. 
 

• Voyager observations: 
– White methane clouds in the 

atmosphere. 
– Great Dark Spot in the southern 

hemisphere (similar to Jupiter’s Great 
Red Spot).  

– Strong winds (even up to 2100 km/h!) 

 

Above: Bands of clouds in 
Neptune’s atmosphere. Below: 
Great Dark Spot. Images by 
Voyager 2 (1989). 



• Neptune has 13 known  moons, 
largest of them being Triton. 
– Diameter of 2700 km. 
– Triton covered by ice and snow.  
– On the surface: impact craters 

and signs of recent gas and dust 
eruptions (nitrogen, methane?). 

 

• Planetary rings: 
– Three main rings; clumpy 

structures. The outermost ring 
contains 5 arcs. 

– According to some Earth-based 
observations, the rings appear to 
be much more unstable than 
previously thought: images taken 
in 2002 and 2003 show 
considerable decay when 
compared to Voyager 2 images. 


