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Jupiter, Saturn, Uranus and Neptune
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Earth Uranus Neptune Pluto




Surface'

Average  Surface' Escape Rotation Surface' Magnetic
Mass Radius Density Gravity Speed Period Axial Tilt ~ Temperature Field
(kg) (Earth=1) (km) (Earth=1) (kg/m3) (Earth=1)  (km/s) (solar days)  (degrees) (K) (Earth = 1)
Mercury  3.3%10% 0.550 2400 0.38 5400 0.38 4.3 59 0 100-700 0.01
Venus 4.9 x 10% 0.82 6,100 0.95 5300 0.91 10 -243 179 730 0.0
Earth 6.0 X 10% 1.00 6,400 1.00 5500 1.00 11 1.00 23 290 1.0
Mars 6.4 x 102 0.11 3,400 0.53 3900 0.38 5.0 1.03 24 180-270 0.0

Jupiter 1.9 x 107
Satun 5.7 X 10% 95

Uranus 8.7 X 10% 15
Neptune 1.0 X 10% 17

Bulk Properties of Terrestrial and Jovian Planets

All Jovian planets have strong magnetic fields
Joviansare about as dense as water (1000 k§f/m
Very cold

Way more massive
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Discovery of thdovians

AJupiter and Saturn have been know siacgiquity.

AJupiter is the third brightest object in our sky (Moon and Venus are
brighter)

ASaturn can be seen withinoculers

AUranus was discovered in 1781 and was the first planet to be |
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deviating from Newtonian mechanics, another planet father out must
be pulling on it.



Summary of missions to the outer Solar System

System Jupiter Saturn Uranus | Neptune Pluto

Spacecraft
Fioneer 10 1973 flyby
Fioneer 11 1974 flyby 1979 flyby
Voyager 1 1979 flyby 1980 flyby
Voyager 2 1979 flyby 1981 flyby 1986 flyby | 1989 flyby
Galileo 19952003 orbiter;

1995, 2003 atmospheric
Ulysses 1992, 2004 gravity assist
Cassini-Huygens | 2000 gravity assist 2004-2017 orbiter;

2005 Titan lander

New Horizons 2007 gravity assist 2015 flyby

JUno

2016— orbiter
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A Jupiter is composed of 71% hydrogen, 24% heliu
and 5% all other elements by mass. Has a highel
percentage of heavy elements compared to the
Sun

A Rotatesso rapidly that the planets are noticeably
flattened ¢ Jupiter has 98% of the angular
momentum of the solar systeim
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tops of clouds

A The rapid rotation of the planets twists the cloud:s
Into dark belts and light zones that run parallel to
the equator

A The outer layers of the atmospheres shows
differential rotation, meaning thequatorial
regions rotate slightly faster than the polar
regions.
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A Strong convection currents cause the bands of
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east and west.

A None of the gases in the clouds can explain the
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A These strong convective currents create a
complex cloud chemistry that is very sensitive
to pressure and temperature, which leads to the

sl cililler cloud coloration.

ey _ _-
Cooler gas °/nks into the Warm matenal rises and . . .
atmosphere, creating darker bands  creates lighter-colored A Underlying these bands is a zonal flow region
atop lower-pressure regions. 20N€s.

that is a stable eastvest wind that flows at 500
km/h (310 mph)



7 These bands ~—
are warm, red,
low-altitude clouds.

-

- Thase bands «=—
are cool,white,
high-altitude clouds

Opticali colors dictated Infrared- traces heat in
by how molecules atmosphere.

reflect sunlight

So white colors from cooler, higher clouds, brown and red from
warmer, lower clouds.



A typical break (“brown oval”)
in Jupiter’s atmosphere
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relative to Jupiter’s clouds.

Note the complex turbulence to P st
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e A rotation and strong convective

currents, massive storms occur or
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5000 km

: A The Great Red Spot has existed f
at least 300 years.

e A It is sustained by large scale
o - & atmospheric motion.

AWdzLIA 6 SNXA& &aid2 NY
hurricanes that we experience on
earth.




The internal heat of Jupiter and Saturn has a
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Zones appear dark
because their high-
altitude clouds are cold.

Belts appear bright
because we see to warmer
depths of the atmosphere.

The Great Red Spot (a region

Great Red of cool, high-altitude clouds)

appears dark.

Spot

(a) Visible-lightimage (b) Infrared image



Saturn
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ASaturr@ atmosphere is similar to
JupiterQ, except pressure is lower.

ACloud layers are wider than
Jupitel@ 0 SOl dza S { I {
IS 2.5 times weaketr.

ALower pressure implies a lower
temperature. This has caused
much of the helium to liquefy.
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A Earthbased observation:
reveal three broad rings
encircling Saturn

A {1 GddzNIJ Q& N
composed of numerous
particles of ice and ice
coated rock ranging in
size from 1 um to about
10 m

A WdzLJA 0 SNQRa 7
composed of a relatively
small amount of small,
dark, rocky particles that
reflect very little light



