The Jovian Planets
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Worlds of the Outer Solar System - Jovian Planets

Jupiter:

Figure 1: This true-color simulated view of Jupiter is composed of 4 images taken
by NASA's Cassini spacecraft on December 7, 2000. (Image courtesy of JPL,
Cassini Mission, & NASA).

Contains nearly 70% of all planetary
material

Interior T Last 1.3% is the atmosphere we
see

Core TA r o 30,600K, 300 million
atmospheres, only 1% of volume

Jupiter is really a liquid hydrogen and
-
Figure 2: A high resolution image taken by
Jupiter emits twice the amount of energy Voyager |. Notice the great “red spot” a
cyclonic like atmospheric storm at the upper

than it receives from the Sun. right. The diameter of the storm is roughly
three times the diameter of Earth. (Image

courtesy of Voyager | Mission & NASA).

helium planet.

Lecture Nineteen

Page 220




The Jovian Planets

Metallic Hydrogen 0 liquid high pressure hydrogen i conductor of electricity that creates

Jupiterds huge magnetic field.

Magnetospherei 1 00 t i mes | arger than Earthos

Atmosphere:
0 Mostly H, He

o0 We see clouds of ammonia, ammonia hydrosulfide crystals, the coloration is
determined by the varying concentrations of the trace chemicals in the

atmosphere.

Belt Zone Circulation (belts brown and red) Zones are areas of rising gas high
pressure. Belts are areas of falling gas low pressure. The circulation partterns are

caused by Jupiterds rapid rotation

Figure 3: Various patterns of atmospheric circulation occur in the clouds of Jupiter. The Great
Red Spot can be seen and horizontal bands of intricately colored and be seen swirling and
flowing. Strings of small storms rotate around northern-hemisphere ovals. Ovals in the north rotate
counter to those in the south. Small, very bright features appear quickly and randomly in turbulent
regions, candidates for lightning storms. (Image courtesy of NASA, CICLOPS U.Ariz, & JPL)

Rings! 30km about 1.81 planet radii out. Dark and reddish material of very small particles

only 10um in size.

Galilean Moons C Callisto, Ganymede, Europa, lo

Callisto T 44% larger than our moon. 1.79g/cm3 density, 50/50 rock/dirty ice material.
Ganymede i 1.9g/cm3 density of rock/ice. Grooved terrain T cracked, slushy material

welled up from a liquid (?) interior.
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e Europa i 3.03g/cm? More rocky material. Liquid water mantle, oceans under the crust!
The amount of hypothesized | iquid water
Active surface with very few impact crates. Pressurized water plumes are evident

(geysers).

Figure 4: This composite includes the four largest moons of Jupiter that are known as the Galilean
satellites. From left to right, the moons shown are lo, Europa, Ganymede, and Callisto. The Galilean
satellites were first seen by the Italian astronomer Galileo Galilei in 1610. In order of increasing distance
from Jupiter, lo is closest, followed by Europa, Ganymede, and Callisto. (Image courtesy of JPL / NASA &
Calvin J. Hamilton Jr.)

e JoT 3.55¢g/cm3 7 noimpacts, no ice. Sulfur desert! Continually sprinkled by sulfur ash from
at least nine confirmed active volcanoes. Tidal Heating and stretching is keeping the
nterior of 1o very hot and active.

deal of geologic pressure.

e Jupiterds system of moons is very much

Figure 5: Cutaway views of the possible internal

structures of the Galilean satellites. Ganymede is

at the lower left, Callisto at the lower right, lo on

the upper left, and Europa on the upper right. The

surfaces of the satellites are mosaics of images

obtained in 1979 by NASA's Voyager spacecraft,

and the interior characteristics are inferred from

gravity field and magnetic field measurements by

NASA's Galileo spacecraft. The satelites are

shown according to their actual relative sizes.

Ganymede's radius is 2634 kilometers (km);

Callisto's is slightly smaller at 2403 km; lo's radius

is 1821 km, similar to the 1738 km radius of our

Moon; Europa's radius is 1565 km, not too much

smaller than our Moon's radius. With the exception

of Callisto, all the satellites have metallic (iron,

nickel) cores (shown in gray) drawn to the correct

relative size. Again, with the exception of Callisto,

all the cores are surrounded by rock (shown in

brown) shells. lo's rock or silicate shell extends to

the surface, while the rock layers of Ganymede

and Europa (drawn to correct relative scale) are in turn surrounded by shells of water in ice or liquid form (shown in blue and white and drawn
to the correct relative scale). Callisto is shown as a relatively uniform mixture of comparable amounts of ice and rock. The surface layers of
Ganymede and Callisto are shown as white to indicate that they may differ from the underlying ice/rock layers in a variety of ways including,
for example, the percentage of rock they contain. The white surface layer on Europa could have similar significance, although it could also
suggest an ice layer overlying a liquid water ocean. Galileo images of Europa suggest that a liquid water ocean might now underlie a surface
ice layer several to ten kilometers thick; however, this evidence is also consistent with the existence of a liquid water ocean in the past. It is
not certain if there is a liquid water ocean on Europa at present. (Image & Caption courtesy of JPL/INASA).
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The order of these satellites from the planet Jupiter helps to explain some of the visible

differences among the moons. 1o is subject to the strongest tidal stresses from the massive planet.

These stresses generate internal heating which is released at the surface and makes lo the most
volcanically active body in our solar system. Europa appears to be strongly differentiated with a
rock/iron core, an ice layer at its surface, and the potential for local or global zones of water
between these layers. Tectonic resurfacing brightens terrain on the less active and partially
differentiated moon Ganymede. Callisto, furthest from Jupiter, appears heavily cratered at low

resolutions and shows no evidence of internal activity.

Figure 6: This color composite view combines violet, green, and infrared images of Jupiter's intriguing moon,
Europa, for a view of the moon in natural color (left) and in enhanced color designed to bring out subtle color
differences in the surface (right). The bright white and bluish part of Europa's surface is composed mostly of
water ice, with very few non-ice materials. In contrast, the brownish mottled regions on the right side of the
image may be covered by hydrated salts and an unknown red component. The yellowish mottled terrain on
the left side of the image is caused by some other unknown component. Long, dark lines are fractures in the
crust, some of which are more than 3,000 kilometers (1,850 miles) long. (Image courtesy of JPL/NASA).

Figure 7: This high resolution image shows the ice-
rich crust of Europa, one of the moons of Jupiter.
Seen here are crustal plates ranging up to 13
kilometers (8 miles) across, which have been broken
apart and "rafted" into new positions, superficially
resembling the disruption of pack-ice on polar seas
during spring thaws on Earth. The size and geometry
of these features suggest that motion was enabled by
ice-crusted water or soft ice close to the surface at
the time of disruption. (Image courtesy of JPL/NASA,
Galileo Mission).
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Volcanic Explosion on lo:

Voyager 1 acquired this image of lo on
March 4 at 5:30 p.m. (PST) about 11 hours
before closest approach to the Jupiter moon.
The distance to lo was about 490,000
kilometers (304,000 miles). An enormous
volcanic explosion can be seen silhouetted
against dark space over lo's bright limb. The
brightness of the plume has been increased by
the computer as it is normally extremely faint,
whereas the relative color of the plume
(greenish white) has been preserved. At this
time solid material had been thrown up to an

altitude of about 100 miles. This requires an

Figure 8: A volcanic eruption was caught occurring
in this image. The plume of the eruption can be
seen at the upper left. lo is experiencing a great
deal of volcanic activity and is continuously
reshaping its surface. (Image courtesy
NASA/Voyager | Mission).

ejection velocity from the volcanic vent of about 1200 miles per hour, material reaching the crest of

the fountain in several minutes. The vent area is a complex circular structure consisting of a bright

ring about 300 kilometers in diameter and a central region of irregular dark and light patterns.

Volcanic explosions similar to this occur on the earth when magmatic gases expand explosively as

material is vented. On earth water is the major gas driving the explosion. Because lo is thought to

be extremely dry, scientists are searching for other gases to explain the explosion. JPL manages

and controls the Voyager Project for NASA's Office of Space Science.

Figure 9: lo as it appeared during an earlier encounter with the Voyager space
probe is shown at left. Little more than a decade later the surface of lo is seen at
right by the Galileo space probe. These images show the dramatic change that
has occurred because of the ongoing vigorous geologic activity. (Images
courtesy of NASA, Voyager Il, Galileo, & JPL).
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Figure 10: Two images of
a volcano on lo. A volcano
has erupted sending a
circular ring of dark
material out upon the lo
surface. (Image courtesy of
NASA)

lo — Tvashtar Catena
125 (26 Nov 1999) 127 (22 Feb 2000)

+ C21 low-resolution color visible wavelength data
+ fire fountain sketch + IR data of active lava flow

Figure 11: This pair of images taken by NASA's Galileo spacecraft captures a
dynamic eruption at Tvashtar Catena, a chain of volcanic bowls on Jupiter's
moon lo. They show a change in the location of hot lava over a period of a few
months in 1999 and early 2000 (Image courtesty of NASA, Galileo space probe,
& Univ. Ariz.).

Saturn:

e Faint evidence of belt zone
circulation but it occurs deeper into
the atmosphere than Jupiter.

Interior structure is muck like

Jupiterds but

Oblateness i Saturn is the most
squashed planet. Its polar diameter

is smaller than its equatorial

diameter. _ o .
Figure 12: Looming like a giant flying saucer in our outer solar

system, Saturn puts on a show as the planet and its
magnificent ring system nod majestically over the course of its
29-year journey around the Sun. These Hubble Space
Telescope images, captured from 1996 to 2000, show Saturn's
rings open up from just past edge-on to nearly fully open as it
moves from autumn towards winter in its Northern Hemisphere.
(Image & Caption courtesy of Hubble Telescope & STSci.).
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e Rings: billions of icy particles. Gaps T resonances with the many moons. Shepard Moons

T maintain the ring structures. Some even braid a set of rings into a corkscrew pattern.

Spokes i radially oriented dark material that moves differently than the ring material. It is

Figure 14: At l eft is a complete i me
false color composite image of Saturn's C-Rings. (Images courtesy of
Voyager Il Mission/NASA)

Largest Moon 1 Titan T 5.6 percent larger than
Mercury!
o This moon is unique in that it has a thick
nitrogen rich atmosphere. (10% methane!),

Probably liquid oceans of methane.

Remaining moons are icy and heavily cratered
objects. Tethys (1060km diameter), Enceladus
(500km diameter, orbits outside E ring). Plus many

other moons. Figure 14: The featureless
thick clouds of Saturn's moon
Titan.  (Image  courtesy
NASA).
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Uranus:

Figure 15: These two pictures of Uranus -- one in true color (left) and the other in
false color -- were compiled from images returned Jan. 17, 1986, by the narrow-
angle camera of Voyager 2. The spacecraft was 9.1 million kilometers (5.7 million
miles) from the planet, several days from closest approach. The false color
image, at right, was used to show slight variations in the atmosphere of the
planet. (Image courtesy of NASA/Voyager Spacecraft.).

Small jovian planet and very cold.

Not large enough for a liquid metallic hydrogen interior.

Rotates on its side! This makes for very interesting days and nights!

Atmosphere is a featureless green-blue methane rich gas. (still mostly H,He)

Rings 1 very dark material in nearly 11 rings. The rings are very narrow. The ring particles
are not small. Mostly boulder to house sized rocky material. It is most likely a recent
addition.

Moons: Oberon, Titania, Umbriel, Ariel (flowing ice valleys), Miranda (ovoid structures)

Neptune:

Atmosphere is a deep blue-green methane rich (still mostly H,He)
Great Dark Blue Spot 10,000km across

Rings are a solid dusty and rocky material. A few rings are only arcs!
Magnetic field is incline 58.6° to the axis of rotation of the planet.

Moons T 2 major moons i Triton and Nereid. Triton is large and has a retrograde orbit.

Triton is destined to collide with Neptune in the distant future.
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Figure 16: Neptune's blue-green atmosphere in
great detail imaged by the Voyager 2 spacecraft as
it rapidly approaches its encounter with the giant
planet. This image was produced at a distance of |6
million kilometers. The Great Dark Spot seen is
about 13,000 km by 6,600 km in size -- as large
along its longer dimension as the Earth. Current
images by the Hubble Space Telescope indicate
the dark blue spot may no longer be present.
(Image courtesy of NASA/Voyager II)

Global color mosaic of Triton, taken
in 1989 by Voyager 2 during its flyby of
the Neptune system. Color was
synthesized by combining  high-
resolution images taken through
orange, violet, and ultraviolet filters;
these images were displayed as red,
green, and blue images and combined
to create this color version. With a
radius of 1,350 (839 mi), about 22%

smaller than Earth's moon, Triton is by

, ) Figure 17: Global color mosaic of Triton, taken in 1989
far the largest satellite of Neptune. It is by Voyager 2 during its flyby of the Neptune system

one of only three objects in the Solar (Image courtesy of NASAVoyager Hl).
System known to have a nitrogen-dominated atmosphere (the others are Earth and Saturn's giant
moon, Titan). Triton has the coldest surface known anywhere in the Solar System (38 K, about -

391 degrees Farenheit); it is so cold that most of Triton's nitrogen is condensed as frost, making it

the only satellite in the Solar System known to have a surface made mainly of nitrogen ice. The

pinkish deposits constitute a vast south polar cap believed to contain methane ice, which would
have reacted under sunlight to form pink or red compounds. The dark streaks overlying these pink

ices are believed to be an icy and perhaps carbonaceous dust deposited from huge geyser-like
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plumes, some of which were found to be active during the Voyager 2 flyby. The bluish-green band
visible in this image extends all the way around Triton near the equator; it may consist of relatively
fresh nitrogen frost deposits. The greenish areas includes what is called the cataloupe terrain,
whose origin is unknown, and a set of 'cryovolcanic' landscapes apparently produced by icy-cold

liquids (now frozen) erupted from Triton's interior.

Pluto & Charon:

e Not a terrestrial nor Jovian planet.
e Arein fact closer the Sun than Neptune until 1999. Woops, it is again the farthest planet
from the Sun.

e Maybe truly a double planet system.

Figure 18: This is the clearest view yet of the distant planet Pluto
and its moon, Charon, as revealed by NASA's Hubble Space
Telescope (HST). The image was taken by the European Space
Agency's Faint Object Camera on February 21, 1994 when the
planet was 2.6 billion miles from Earth; or nearly 30 times the
separation between Earth and the sun. (Image and caption
courtesy of JPL/INASA/STSci.).
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