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CHAPTER 6
The Terrestrial Planets and Their Moons
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Orbital Characteristics of the Planets
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A montage of the planets in our solar system presented in 
correct relative sizes. The orbits in the background are 
also drawn to scale.
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Temperature profile of Earth’s atmosphere

Heat from below

O3 absorbs UV, heat 
from above

Heat from below

O, N atoms absorb 
UV,. Heat from above

5 6



1/3/22

2

7

Average surface temperature of planet

Pabs=(L/4πd2) x πrp2 (1-albedo)
Pem=4πrp2 σTp4

If no atmosphere then for thermal equilibrium:
Pabs = Pem

Tp =[L/(4πd2) x (1-albedo)/(4σ)]1/4

Example for Earth: 
L=3.86 x 1026 W,  d=1.5 x1011 m, albedo = 0.37, 
σ=5.67x10-8 J m-2K-4s-1

Tp = 247 K 

With average T=290K è 43K due to greenhouse effect
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Surface of Earth (crust),
Floating on a layer 
of denser material.

Alfred Wegener  
1912-1915 observations
Africa and South America fit

Hypothesis: 
Continental drift
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Seismologists deduce the Earth’s interior structure by studying how longitudinal P 
waves and transverse S waves travel through the Earth’s interior 
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The Mechanism of plate techtonics
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Earth’s magnetosphere
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Aurora Borealis
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Our Barren Moon

Chapter Ten
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(b) An incoming meteoroid, (c) upon impact, is pulverized and the 
surface explodes outward and downward. (d) After the impact, the 
ground rebounds, creating the central peak and causing the crater 
walls to collapse. The lighter region is the ejecta blanket.
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A Microscopic Lunar Crater

This photograph, made with a microscope, shows 
tiny microcraters less than 1 mm across on a 
piece of Moon rock.
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The Moon’s airless, dry surface is covered
with plains and craters

The Earth-facing 
side of the 
Moon displays 
light-colored, 
heavily 
cratered 
highlands and 
dark-colored, 
smooth-
surfaced maria
The Moon’s far 
side has 
almost no 
maria 
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The Far Side of the Moon

Using a laser mounted on the Lunar Reconnaissance Orbiter, this 
detailed image of the lunar far side was made in 2010. Going by 
the colors of the rainbow, violet indicates lowest terrain, while 
red indicates highest.
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Virtually all lunar 
craters were 
caused by 
space debris 
striking the 
surface

There is no 
evidence of 
plate tectonic 
activity on the 
Moon
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T h e  m a ria  fo rm e d  a fte r th e  su rro u n d in g  lig h t-co lo re d  te rra in , so  th e y  h a ve  n o t b e e n  e xp o se d  to  

m e te o ritic  b o m b a rd m e n t fo r a s  lo n g  a n d  h a ve  fe w e r c ra te rs
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Much of our knowledge about the 
Moon has come from human 
exploration in the 1960s and early 
1970s and from more recent 
observations by unmanned 
spacecraft 
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The Moon has no global magnetic field but has
a small core beneath a thick mantle

37

Seismic experiments 
revealed that the main 
regions of the Moon’s 
interior mimic those of 
Earth, but in different 
proportions. 

Water ice may exist in 
the polar craters, 
where the energy 
received from the Sun 
is insufficient to melt it. 
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Lunar rocks reveal a geologic history quite unlike
that of Earth

The anorthositic crust exposed in the 
highlands was formed between 
4.0 and 4.3 billion years ago

The mare basalts solidified between 
3.1 and 3.8 billion years ago

The Moon’s surface has undergone 
very little change over the past 3 
billion years
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Meteoroid impacts 
have been the only 
significant 
“weathering”
agent on the Moon

The Moon’s regolith, 
or surface layer of 
powdered and 
fractured rock, was 
formed by 
meteoritic action
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All of the lunar rock samples are rocks formed largely of minerals found in 
terrestrial rocks

The lunar rocks contain no water
They differ from terrestrial rocks in 
being relatively enriched in the 
refractory elements and depleted in the 
volatile elements

Mare 
basalt

High-
lands 

anorth-
osite

Impact 
breccia
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The Moon probably formed from debris cast
into space when a huge planetesimal struck

the proto-Earth

The collisional-ejection theory holds that the proto-Earth was struck by a 
Mars-sized protoplanet and that debris from this collision coalesced to 
form the Moon

This theory successfully explains most properties of the Moon
The Moon was molten in its early stages, and the anorthositic crust 

solidified from low-density magma that floated to the lunar surface
The mare basins were created later by the impact of planetesimals and 

filled with lava from the lunar interior
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The Moon probably formed from debris cast
into space when a huge planetesimal struck

the proto-Earth
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As the Moon’s interior 
shrank, the surface
settled irregularly, 
creating long lines of 
cliffs called scarps.
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Tidal Forces

45

Tidal forces

Tidal forces depend very strongly on the distance between 
two celestial bodies. They are very strong for the Earth-
Moon system. Here is the math:

Fnear −Ffar = Ftidal

Ftidal =
dF
dr
Δr = d

dr
GMEarthmbulge

r2 Δr

Ftidal = −
2GMEarthmbulge

r3 Δr

mbulge =
A
r3

Δr = −d

Ftidal−net =A 2GMEarth

r6 d

Ftidal−net−perigee

Ftidal−net−apogee

= (
rperigee
rapogee

)-6  =( 363,300
405,500

)−6 =1.93
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Tidal forces are slowing the Earth’s rotation and pushing the Moon away from 
Earth

By 3.8 cm/yr!!!By 0.02 ms/yr!!!

Measured with lasers pointed to reflectors stationed on the Moon
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Why do we see only one side of the moon 
from earth?

Tidal forces cause the moon to be 
in synchronous rotation. 
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88 
days
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Solar Transit

There was a 
transit on 
November 8, 
2006

Transits 
occur about 
twelve times 
a century 
when the sun, 
Earth and 
Mercury are 
aligned
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Photo credit: NASA Joel Kovsky

17 December 2016

ISS solar transit
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• Heavily 
cratered 
surface

• Less dense 
cratering 
than moon

• Gently rolling 
plains

• Scarps

• No evidence 
of tectonics
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Possible Volcanic Vent

The central indentation in this Messenger image from 2009 is 
believed to be a caldera (sunken vent) of an explosive volcano on 
Mercury. It is unlikely to be an impact crater, as it completely lacks a 
raised crater wall.
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The Caloris Basin 
is evidence of a 
large impact
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Mercury has an iron core and a surprising
magnetic field

• Most iron-rich (relative to mass) planet in the 
solar system with a core that is 75% of the 
diameter

• The earth’s core is 55% of its diameter and 
the moon’s core is 20% of its diameter

• Among highest density for the planets
• Weak magnetic field indicating part of the 

core is liquid
• Magnetic field causes a magnetosphere 

similar to Earth’s but weaker
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The (weak) magnetosphere blocks the solar wind from reaching the surface of the planet
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Mercury rotates slowly and has a 3-to-2 spin-orbit coupling
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• Venus rotates 
slowly in a 
retrograde 
direction with 
a solar day of 
117 Earth 
days and a 
rotation period 
of 243 Earth 
days

• There are 
approximately 
two Venusian 
solar days in a 
Venusian 
year.
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Venus has a hot, dense atmosphere and highly reflective corrosive
cloud layers

• Spacecraft measurements 
reveal that 96.5% of the 
Venusian atmosphere is 
carbon dioxide

• Most of the balance of the 
atmosphere is nitrogen.

• Venus’s clouds consist of 
droplets of concentrated 
sulfuric acid.

• The surface pressure on 
Venus is 90 atm, and the 
surface temperature is 
460°C

• Both temperature and 
pressure decrease as 
altitude increases

68
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Recent observations 
indicate evidence for 
phospine, PH3 ,  in the 
atmosphere of Venus. 
Evidence for life in the 
atmosphere perhaps? 
Results are 
controversial.
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Topography of Venus
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Radar picture of Venus
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The Martian surface has numerous craters, several huge 
volcanoes, a vast rift valley, and dried-up riverbeds— but no 
canals.
Martian volcanoes and the Valles Marineris rift valley were formed 
by upwelling plumes of magma in the mantle.
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Illusion

78
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A Mars rat?

Illusion! (Image credit: NASA/JPL-Caltech)
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• For reasons that are not understood, the chemical composition of 
ancient Martian lava is different from that of more recent lava

• Mars has no planet wide magnetic field at present but may have had 
one in the ancient past
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The heavily cratered southern highlands are older and about 5 km 
higher in elevation than the smooth northern lowlands

The origin of this crustal dichotomy is not completely understood
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Surface features indicate that water once flowed on Mars

Flash-flood features and dried 
riverbeds on the Martian 
surface indicate that water has 
flowed on Mars at least 
occasionally

No liquid water can exist on the 
Martian surface today
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Ancient Riverbed on Mars
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River in China
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Clouds Above Mars’ Mountains

91

Olympus Mons, 
the larges volcano on Mars and in the solar system 

92

Cones on Mars

Cones may have originated from lava from 
Olympus Mons that heated underground 
ice causing the water and vapor coming to 
the surface
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Landers have explored the surface of Mars
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Winter Frost

95

Atmosphere of Mars

96
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Dust devil on Mars
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Panoramic view, Curiosity Mars rover, NASA
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Ingenuity helicopter

Perseverance rover on Mars
Landed 18 February 2021

Ingenuity helicopter

Perseverance will look for microbial life from 3 to 4 Bill. years ago

(Image credit: NASA/JPL-Caltech)
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An artist's impression of China’s three 
spacecraft ,   Nature Astronomy

China’s Tianwen-1 Mars mission

Landing attempt, 
later this year

UAE Mars mission
Mars orbiter

Source (WP:NFCC#4)Artist’s impression
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https://en.wikipedia.org/wiki/Wikipedia:Non-free_content_criteria
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Life on Mars?

103

The two Martian moons resemble asteroids

• Mars has two small, football-shaped satellites that move 
in orbits close to the surface of the planet

• They may be captured asteroids or may have formed in 
orbit around Mars out of solar system debris
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Why is there no H2 in the atmosphere of 
the inner planets?

Ek=1/2mv2 J             Kinetic energy due to motion with velocity, v
Ek=3/2kT               J            Thermal kinetic energy of gas, atoms or molecules
v=(3kT/m)1/2            m/s Average speed of a gas, atom or molecule
k=1.38x10-23 J/K            Boltzmann’s constant
m  = ℳ x amu      kg             mass of atom or molecule
ℳ mass number
amu= 1.66 x 10-27 kg             atomic mass unit

Example for Mars: T=220K,      H2 : ℳ=2, m= 2x1.66x10-27 kg
v=[(3x1.38x10-23x220/(2x1.66x10-27)]1/2 =1656 m/s
A planet or moon can retain a gas if the escape speed is at least 6 times 
greater than the average velocity of the gas.
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What is the escape velocity for Mars?

v2escape = 2GM/r
M = 6.418x1023 kg (mass of Mars)
r=3397 km (radius of Mars)

v2escape= 2 x 6.673x10-11 x 6.418x1023 /(3.397 x 106) = 25.214 x 106 (m/s)2

Vescape = 5021 m/s = 5.021 km/s
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Why is there no H2 in the atmosphere of 
the inner planets?

Ek=1/2mv2 J             Kinetic energy due to motion with velocity, v
Ek=3/2kT               J            Thermal kinetic energy of gas, atoms or molecules
v=(3kT/m)1/2            m/s Average speed of a gas, atom or molecule
k=1.38x10-23 J/K            Boltzmann’s constant
m  = ℳ x amu      kg             mass of atom or molecule
ℳ mass number
amu= 1.66 x 10-27 kg             atomic mass unit

Example for Mars: T=220K,      H2 : ℳ=2, m= 2x1.66x10-27 kg
v=[(3x1.38x10-23x220/(2x1.66x10-27)]1/2 =1656 m/s
A planet or moon can retain a gas if the escape speed is at least 6 times 
greater than the average velocity of the gas.
Vesc=5.02 km/s  =3.0 x v è H2 cannot be retained by Mars.
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Koberlain

Red sunset on the blue planet Blue sunset on the red planet

109
Image: Nasa/JPL

Sunset on Mars

110

NASA/JPL/Texas A&M/Cornell

Sunset on Mars
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