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FIGURE 11.1

Giant Planets. The four giant planets in our solar system all have hydrogen atmospheres, but 
the warm gas giants, Jupiter and Saturn, have tan, beige, red, and white clouds that are thought 
to be composed of ammonia ice particles with various colorants called “chromophores.” The 
blue-tinted ice giants, Uranus and Neptune, are much colder and covered in methane ice 
clouds. (credit: modification of work by Lunar and Planetary Institute, NASA)



FIGURE 11.2

Jupiter. The Cassini spacecraft imaged Jupiter on its way to Saturn in 2012. The giant 
storm system called the Great Red Spot is visible to the lower right. The dark spot to 
the lower left is the shadow of Jupiter’s moon Europa. (credit: modification of work by 
NASA/JPL)



FIGURE 11.3

Galileo Probe Falling into Jupiter. This 
artist’s depiction shows the Galileo probe 
descending into the clouds via parachute 
just after the protective heat shield 
separated. The probe made its 
measurements of Jupiter’s atmosphere 
on December 7, 1995. (credit: 
modification of work by NASA/Ames 
Research Center)



FIGURE 11.4

Earth as Seen from Saturn. This popular Cassini image shows Earth as a tiny dot 
(marked with an arrow) seen below Saturn’s rings. It was taken in July 2013, when 
Saturn was 1.4 billion kilometers from Earth. (credit: modification of work by NASA/JPL-
Caltech/Space Science Institute)



FIGURE 11.5

Infrared Image of Uranus. The infrared camera on the Hubble Space Telescope took these false-color images of 
the planet Uranus, its ring system, and moons in 1997. The south pole of the planet (marked with a “+” on the right 
image) faces the Sun; its green color shows a strong local haze. The two images were taken 90 minutes apart, and 
during that time the five reddish clouds can be seen to rotate around the parallel to the equator. The rings (which are 
very faint in the visible light, but prominent in infrared) and eight moons can be seen around the equator. This was 
the “bull’s eye” arrangement that Voyager saw as it approached Uranus in 1986. (credit: modification of work by Erich 
Karkoschka (University of Arizona), and NASA/ESA)



FIGURE 11.6

Strange Seasons on Uranus.

(a) This diagram shows the orbit of Uranus as seen from above. At the time Voyager 2 arrived (position 1), the South 
Pole was facing the Sun. As we move counterclockwise in the diagram, we see the planet 21 years later at each 
step.

(b) This graph compares the amount of sunlight seen at the poles and the equator of Uranus over the course of its 84-
year revolution around the Sun.



FIGURE 11.7

Internal Structures of the Jovian Planets. Jupiter and Saturn are composed primarily 
of hydrogen and helium (but hydrogen dominates), but Uranus and Neptune consist in 
large part of compounds of carbon, nitrogen, and oxygen. (The diagrams are drawn to 
scale; numbers show radii in thousands of kilometers.)



FIGURE 11.8

Jupiter in Radio Waves. This false-color image of Jupiter was made with the Very Large Array (of 
radio telescopes) in New Mexico. We see part of the magnetosphere, brightest in the middle because 
the largest number of charged particles are in the equatorial zone of Jupiter. The planet itself is slightly 
smaller than the green oval in the center. Different colors are used to indicate different intensities of 
synchrotron radiation. (credit: modification of work by I. de Pater (UC Berkeley) NRAO, AUI, NSF)



FIGURE 11.9

James Van Allen (1914–2006). In this 
1950s photograph, Van Allen holds a 
“rockoon.” (credit: modification of work by 
Frederick W. Kent Collection, University 
of Iowa Archives)



FIGURE 11.10

Jupiter’s Colorful Clouds. The vibrant colors of the clouds on Jupiter present a puzzle to 
astronomers: given the cool temperatures and the composition of nearly 90% hydrogen, 
the atmosphere should be colorless. One hypothesis suggests that perhaps colorful 
hydrogen compounds rise from warm areas. The actual colors are a bit more muted, as 
shown in Figure 11.2. (credit: modification of work by Voyager Project, JPL, and NASA)



FIGURE 11.11

Saturn over Five Years. These beautiful images of Saturn were recorded by the 
Hubble Space Telescope between 1996 and 2000. Since Saturn is tilted by 27°, we see 
the orientation of Saturn’s rings around its equator change as the planet moves along 
its orbit. Note the horizontal bands in the atmosphere. (credit: modification of work by 
NASA and The Hubble Heritage Team (STScI/AURA))



FIGURE 11.12

Atmospheric Structure of the Jovian Planets. In each diagram, the yellow line 
shows how the temperature (see the scale on the bottom) changes with altitude (see 
the scale at the left). The location of the main layers on each planet is also shown.



FIGURE 11.13

Cloud Structure on Saturn. In this Cassini image, colors have been intensified, so we 
can see the bands and zones and storms in the atmosphere. The dark band is the 
shadow of the rings on the planet. (credit: NASA/JPL-Caltech/Space Science Institute)



FIGURE 11.14

Hexagon Pattern on Saturn’s North Pole. In this infrared nighttime image from the 
Cassini mission, the path of Saturn’s hexagonal jet stream is visible as the planet’s 
north pole emerges from the darkness of winter. (credit: NASA/JPL/University of 
Arizona)



FIGURE 11.15

Neptune. The planet Neptune is seen here as photographed by Voyager in 1989. The 
blue color, exaggerated with computer processing, is caused by the scattering of 
sunlight in the planet’s upper atmosphere. (credit: modification of work by NASA)



FIGURE 11.16

High Clouds in the Atmosphere of Neptune. These bright, narrow cirrus clouds are 
made of methane ice crystals. From the shadows they cast on the thicker cloud layer 
below, we can measure that they are about 75 kilometers higher than the main clouds. 
(credit: modification of work by NASA/JPL)



FIGURE 11.17

Winds on the Giant Planets. This image compares the winds of the giant planets, illustrating that wind 
speed (shown on the horizontal axis) and wind direction vary with latitude (shown on the vertical axis). 
Winds are measured relative to a planet’s internal rotation speed. A positive velocity means that the 
winds are blowing in the same direction as, but faster than, the planet’s internal rotation. A negative 
velocity means that the winds are blowing more slowly than the planet’s internal rotation. Note that 
Saturn’s winds move faster than those of the other planets.



FIGURE 11.18

Storms on Jupiter. Two examples of storms on Jupiter illustrate the use of enhanced color and contrast to bring out faint features.

(a) The three oval-shaped white storms below and to the left of Jupiter’s Great Red Spot are highly active, and moved closer 
together over the course of seven months between 1994 and 1995.

(b) The clouds of Jupiter are turbulent and ever-changing, as shown in this Hubble Space Telescope image from 2007. (credit a: 
modification of work by Reta Beebe, Amy Simon (New Mexico State Univ.), and NASA; credit b: modification of work by NASA, 
ESA, and A. Simon-Miller (NASA Goddard Space Flight Center))



FIGURE 11.19

Jupiter’s Great Red Spot. This is the largest storm system on Jupiter, as seen during the Voyager spacecraft 
flyby. Below and to the right of the Red Spot is one of the white ovals, which are similar but smaller high-
pressure features. The white oval is roughly the size of planet Earth, to give you a sense of the huge scale of 
the weather patterns we are seeing. The colors on the Jupiter image have been somewhat exaggerated here 
so astronomers (and astronomy students) can study their differences more effectively. See Figure 11.2 to get 
a better sense of the colors your eye would actually see near Jupiter. (credit: NASA/JPL)
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