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             Planetology I 
● Terrestrial and Jovian planets
● Similarities/differences between 
planetary satellites

● Surface and atmosphere 
compositions

● Why planets have atmospheres
● Small bodies that orbit the Sun
● Craters reveal the age of a 
surface

● Magnetic fields and fluid 
interiors

● Diversity of the solar system
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Two Types of Planets  

The planets that orbit 
the Sun can be divided 
into two groups.  The 
inner (or terrestrial) 
planets orbit close to 
the sun (< 2 AU).  The 
outer (or Jovian) planets 
orbit the Sun from 5 AU 
out to 30 AU

The orbits are all nearly 
circular (e = .206 for 
Mercury) and are nearly 
in the same plane
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The Terrestrial Planets  
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The Jovian Planets  
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• All of the planets travel counterclockwise around the Sun 
(looking down from above the Earth’s north pole)5

The Direction of Planet orbits
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Physical Characteristic of the Planets  

The terrestrial planets are small, rocky and have a high 
density. Their surfaces are cratered. Mostly heavy elements 
like iron, silicon, oxygen etc. 
The Jovian planets are large and have a low density. They 
contain primarily light elements (hydrogen and helium).  
They have no 'surface'
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Large Satellites (Moons) of the Planets  

There are at least 179 moons of the planets.  Mercury 
and Venus have no moons.  The Earth has one 
especially large moon for a terrestrial planet.  Mars has 
two small moons.  Jupiter has four large moons (Io, 
Europa, Ganymede and Callisto).  Saturn has one large 
moon (Titan) and Neptune has one large moon (Triton).  
The various large moons have solid surfaces and vary 
greatly in the composition and activity.  
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Different Big Moons - Io  

Io is a moon of Jupiter
It is the innermost moon to 
Jupiter.  It surface is coated 
with sulfur and sulfur 
compounds.  There are 
active sulfur volcanoes on 
Io driven by tidal forces.  
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Different Big Moons - Europa  

Europa is the smallest of 
the Galilean moons of 
Jupiter.  Its surface is 
mainly ice and some rock. 
 There are large networks 
of cracks running over its 
surface.  Europa has 
almost no atmosphere. 
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Different Big Moons - Titan  

Titan is the largest largest 
moon of Saturn.  Its 
atmosphere is mainly 
nitrogen and methane.  The 
Huygens lander send back 
pictures of rivers and lakes 
of what is probably liquid 
methane.
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Spectroscopy of Planets and Moon  

Absorption spectra 
using reflected  
sunlight show the 
composition of the 
atmosphere or 
surface of a moon 
or planet.

The O
2
 absorption 

line is the Earth's 
atomosphere. 



12

Spectroscopy of Planets and Moon  

Europa's cracked surface is mainly ice
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Why Planets and Moon have Atmospheres 

Planets have atmospheres 
because of the type and 
temperature of the gases and 
the escape velocity from the 
planet or moon.  The velocity of 
a gas molecule depends on its 
mass according to the Maxwell-

Boltzmann distribution.  The distribution has a a very long tail.  
Heavier molecules like O

2
, H

2
O, N

2
 have less of a tail than He

and H
2
.  On Earth the H

2
 and He in the tail of the speed 

distribution can reach escape velocity of 11.2 km/s. Over time 
these elements leak out of the atmosphere. On the Jovian 
planets the escape velocity is too high for the H

2
 or He to 

escape.  For example, escape velocity of Jupiter is 59.5 km/s 
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Asteroids  

Asteroids are objects that 
orbit inside the orbit of Jupiter. 
 They range in side from 
pebble size to the largest 
which is Ceres with a 
diameter of 900 km.  There 
are estimated to be hundreds 
of thousand asteroids.  Most 
asteroids orbit between Mars 
and Jupiter in the asteroid 
belt.  This images is of Eros 
which is about 33 km x 13 km 
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Asteroids  

The large asteroid Ceres (or minor planet) orbits between
Mars and Jupiter.  The Dawn spacecraft has been in orbit 
around Ceres since March of 2015.  Note the heavily 
cratered surface.  The bright spots are not currently 
understood. It contains ~1/3 of the mass of the entire 
asteroid belt
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Trans-Neptunian Objects  

Trans-Neptunian 
objects orbit outside 
the orbit of Neptune.  
The orbits are 
typically steeply 
inclined with respect 
to the ecliptic plane 
and have large 
eccentricities.  The 
are made of ice and 
rock.

Most trans-neptunian objects orbit in a region outside the 
orbit of Neptune known as the Kuiper belt.
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Large Trans-Neptunian Objects 
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  Comets  

When two Kuiper belt 
objects collide or 
gravitationally interact, a 
small ice and rock object 
can be knocked into a 
highly elliptical orbit that 
brings it near the Sun.  
The result is a comet.  As 
it heats up from the Sun's 
radiation, the gases 
vaporize some of the 
comet's ice.  The solar 

wind pushes the ionized gas (blue) away from the comet 
and away from the sun.  The dust (white) leaves a trail 
behind the comet's path.  Many comets inhabit a a region 
outside of the Kuiper belt know as the Oort cloud. 
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Comets  

The ESA Rosetta mission 
visited the comet 67P/C–G in 
2014.  The top image shows 
the comet's 'peanut' shape.  
Recent information suggest 
the comet is actually two 
comets that collided and stuck 
together.  The lower image 
was taken on September 25, 
2015
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Craters on Planets and Moons  

When asteroids or comets hit a the solid surface of a 
terrestrial planet or satellite, they leave a large impact 
crater. Most impact craters have a central peak.  
Smaller pieces of space debris from collision of 
asteroids or comets are called meteoroids and leave 
small craters when they impact a sold surface. 
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Craters on Planets and Moons  

Why don't we see more craters 
on the Earth?  The Moon is 
geologically inactive while the 
Earth is very geologically active.
Plate tectonics (the motion of the 
Earth's rocky plates over the 
molten inner core) recycles the 
surface of the Earth over 
geological times. Weathering 
also removes signs of cratering.

On Mars, the planet is not 
thought now be geologically 
active but was earlier in it's 
history as the giant volcano 
'Olympus Mons' shows.  
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Why are Planets Cratered Differently

Larger planets cool off more slowly 
than smaller objects.  Larger 
objects have a smaller ratio of 
surface area to volume than a 
smaller object.  The heat (left over 
from the original collisions that 
formed the planet and from internal 
radioactivity) results in larger 
planets having a molten core which 
leads to the geological activity and 
fewer craters. 
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Magnetic Fields of Planets

Magnetic fields around a 
planet indicate the planet 
(or moon) has a moving 
molten core that conduces 
electricity.  This is usually a 
metal like iron or nickel.  
Electrical currents in the 
core caused by the 
dynamo effect produce the 
magnetic field.  Most 
space probes carry 
magnetometers to 
measure the magnetic field 
around planets. 



24

Magnetic Fields of Planets

Mars no longer has a 
molten core and so 
does not have a 
magnetic field like the 
Earth.
The surface is 
magnetized.  The 
magnetic field is 
'frozen' into the 
surface from ancient 

times when Mars had a molten core.  Moon rocks returned 
by the Apollo astronauts show this effect.  Jupiter has a 
magnetic field which is though to be due to a liquid core of 
metallic hydrogen which only exist at extreme pressure.
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