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3. Solar System I: Terrestrial planets 



An overview of the known Solar System 

• The Sun 

 

• 4 terrestrial planets: Mercury, Venus, The Earth, Mars 

 

• 4 Jovian planets: Jupiter, Saturn, Uranus, Neptune 

 

• 5 dwarf planets: Pluto, Ceres,                                                                  
Eris, Haumea, Makemake 

 

• Moons, asteroids, comets,                                                                                   
meteoroids, trans-Neptunian                                                            
objects, interplanetary dust 

 

• Oort cloud 



Terrestrial planets 

• Four innermost planets in the Solar System (mean distance 0.39-1.5 
AU from the Sun). 

 
• Composed of rocky substances, primarily nickel, iron, and silicon.  

 
• Relatively small; the Earth is the largest of the four, and Mercury is 

only about 1/4 the diameter of the Earth. 
 
• Presumed to have formed through the same process  some  

common properties.  
 

• Formed separately in different orbits  also significant differences 
between the four.  
– Size, composition of the atmosphere, length of the year, etc. 

 



3.1 Mercury 

Mercury: quick facts 

Mean distance from the Sun 0.39 AU 

Orbital period 88 days 

Rotation period 59 days 

Diameter 4900 km (38% dEarth) 

Mass 3.3x1023 kg (5.5% MEarth) 

Mean density 5.4 g/cm3 

Surface temperature min mean max 

Equator -170 oC  67 oC   420 oC  

Polar regions -180 oC   -73 oC  110 oC  

Atmosphere Very thin (O2, Na, H2, He) 

Moons none A false-color image from the first Messenger 
flyby. The subtle color differences reveal 
important information about the nature of 
the planet's surface material. The bright 
spots are relatively recent impact craters. 



• Current knowledge largely based on 
spacecrafts (ground-based 
telescopes reveal only an illuminated 
crescent with limited details): 
– Mariner 10, 3 flybys in 1974-1975. 

– Messenger, 3 flybys in 2008-2009, 
orbiting the planet since March, 2011.  

 

• BepiColombo to be launched in 
2015. 

 

• Also radar measurements from the 
Earth. 
– Revealed the icy polar regions (exist 

because the rotational axis is vertical!). 

Mariner 10. 

The north polar region of Mercury with 
radar (Arecibo). The bright features are 
ice deposits on permanently shadowed 
crater floors. Image is 450 km on a side. 



• About the surface: 
– Strongly cratered!  

• Very thin atmosphere  no protection 
against meteoroids. 

• Lack of geological activity  no 
renewing of the surface. 

– Numerous ridges and cliffs 
• The core and the mantle have cooled 

and contracted (a few km in diameter!) 
 signs on the surface of the crust. 

– Largest of the maria: Caloris Basin. 
• Evidence of an ancient impact. 

• After the impact, the crater has filled 
with lava  material from the interiors 
of the planet. 

• On the opposite side of the planet, 
there is a region with hills and grooves 
called ”weird terrain” or ”chaotic 
terrain”  shock waves converged 
there? 

 

Above: so-called ”weird terrain”. 
Below: A false-color image of Caloris 
Basin impact crater; 1550 km in 
diameter (Messenger). 



• Relatively largest iron core of all 
planets: 70%  of the mass! 
 

• The core partially in liquid form, 
based on the observed vibration of 
the planet.  
– Mercury not very massive  unlikely 

to possess a liquid core. Potential 
explanations: Strong tidal effects? The 
core contains sulphur which lowers 
the melting temperature? 

– Molten core explains the existence of 
a weak magnetic field.  
 

• The atmosphere is constantly being 
blown away by the solar wind and 
replenished by various sources. 
–  Hydrogen and helium from the Sun, 

other elements probably from 
radioactive decay from heavier 
elements on Mercury. 

A dipolar magnetic field. According to 
the dynamo theory, the planetary 
magnetic fields are maintained by 
convective movements in a rotating 
liquid metal core that conducts 
electricity.  



3.2 Venus 

Venus: quick facts 

Mean distance from the Sun 0.7 AU 

Orbital period 224 days 

Rotation period 243 days (retrograde) 

Diameter 12 100 km (95% dEarth) 

Mass 4.9x1024 kg (82% MEarth) 

Mean density 5.2 g/cm3 

Surface temperature min mean max 

470 oC  

Atmosphere Thick (CO2, N2, S2) 

Moons None 

Venus is the third 
brightest object in 
the sky (after the 
Sun and the 
Moon). 



• Earth’s “sister planet”: 
– Almost same mass, radius, 

density and distance from 
the Sun. 

– Formed nearly at the same 
distance  the 
composition is likely to be 
almost identical. 

– EXCEPT:                        
Strong greenhouse effect 
has evaporated nearly all 
water from the planet, 
causing the entirely 
different evolution of 
Venus. 

The phases of Venus as seen from the 
Earth. When Venus is closest to us, its 
dark side is turned towards us and the 
planet is seen as a narrow (but large) 
crescent. When the planet is on the 
other side of the Sun, it is seen as full 
Venus (but small). 



• The planet is covered in a thick 
atmosphere: 
– Mostly carbon dioxide.  
– Blue colors are scattered by the 

molecules of the atmosphere  
on the surface, everything is seen 
in red light and the visibility is 
below 2 km. 

– Thickest cloud layer in 50 km 
altitude; no clouds below 20 km 
altitude. 

– Clouds composed of water and 
sulfuric acid  acid rains. 

– Lightnings are common.    
– Due to the clouds, the surface of 

Venus can be observed only with 
radar (radio wavelengths) or by 
sending probes through the 
clouds towards the surface. 
 
 

UV image of Venusian cloud structure as 
seen by the Pioneer Venus Orbiter in 
1979. At the cloud tops, the winds can be 
strong (300 km/h) but near the surface, 
the wind speeds remain low (few km/h). 
Winds in the lower atmosphere transfer 
heat efficiently  the temperature of the 
surface does not vary significantly 
between the night and day sides.  



• The surface of Venus: 
– Very hot (470 oC; due to 

greenhouse effect) and a high 
pressure (92 atm = 92 times the 
pressure on Earth). 

– Geological and volcanic activity    
 the surface renews and is 
geologically young. 

– Known craters are over 3 km in 
diameter (the atmosphere burns 
up all small impactors). 

– Characterized by signs of volcanic 
activity:  
• Coronae 
• Novae 
• ”Pancake” domes 

– Surface structures named after 
women in mythologies or science 
(although the highest mountain is 
Maxwell mountain). 

A composite of Magellan and 
Earth-based Arecibo radar imaging. 
Mountains are colored with red, 
while blue represents valleys. The 
large red area in the north is Ishtar 
Terra (a highland region, like Earth 
continents) with Maxwell Montes, 
the highest mountain on Venus. 
The resolution of the image is 3 
kilometers.  



Top: Computer generated 3-D 
perspective view of pancake volcanoes. 
The circular features are "pancake" dome 
volcanoes, about 25 km in diameter and 
750 m high, formed by extrusion of 
highly viscous lava onto the surface. 

Below: A Venusian corona, 150 km in diameter. 
Coronae are formed when a plume of magma 
pushes the crust upwards which then collapses at 
the center and magma leaks out at the sides. 

Right: A nova is formed when large quantities of 
magma are extruded onto the surface to form 
radiating ridges. A symmetrical network is formed 
around the central point where the lava emerged. 



• Our knowledge on Venus is 
largely based on several space 
missions:  
– Mariner 2, 5, 10 flybys (60’s, 70’s). 
– Venera 3, 4, 5, 6 (1966 – 1969): all 

entered the atmosphere but were 
destroyed by the pressure and 
heat before reaching the surface 
or failed otherwise; all sent some 
data back. 

– Venera 7, 8, 9, 10, 11, 12, 13, 14 
(1970 – 1982): reached the 
surface. 

– Venera 15, 16 (1983): radar 
observations from the orbit. 

– Pioneer Venus (1980’s): radar 
observations from the orbit. 

– Magellan (1990-1994). 
– Venus Express (2006). 

 
 

Some images taken by the Venera probes of 
the landing sites before they were destroyed 
by the heat and pressure.  



3.3 The Earth and the Moon 
The Earth: quick facts 

Mean distance from the Sun 1 AU 

Orbital period 365 days 

Rotation period 1 day 

Diameter 12 700 km 

Mass 6.0 x 1024 kg 

Mean density 5.5 g/cm3 

Surface temperature min mean max 

-89 oC 14 oC  57 oC 

Atmosphere Quite thick (N2, O2) 

Moons The Moon 



• The Earth as a planet: 
– The largest terrestrial planet 

in the Solar System. 

– Water present as vapour, 
liquid, and solid (ice).  

– The only known place to 
harbour life. 

– A solid Fe-Ni core 
surrounded by a molten iron 
core where the dynamo 
effect creates a fairly strong 
magnetic field. 

– Volcanic activity, tectonic 
movement, erosion of the 
surface. 

– 23° axial tilt causes seasons. 

– Precession of the axis. 

 

Aurora borealis – the Northern lights. A 
phenomenon caused by the magnetic field 
which directs charged particles of the solar 
wind to the ionosphere.  
Below: the Earth as seen from the Moon. 



• The Moon is in synchronous rotation 
with the Earth: it always turns the 
same side towards the Earth (= called 
the ”near side”). 
 

• The gravity of the Moon is the main 
reason for the tides on the Earth.   

The Moon: quick facts 

Mean distance from the 
Earth 

0.0025 AU (380 000 km) 

Orbital period 27 days 

Diameter 3500 km (27% dEarth) 

Mass 7.3 x 1022 kg (1.2% MEarth) 

Mean density 3.0 g/cm3 

Surface temperature min mean max 

Equator -170 oC -53 oC  117 oC 

Polar regions -200 oC -140 oC -43 oC 

Atmosphere  negligible 

Moons None 

Top: Earthshine – the surface of the Moon 
illuminated by light reflected from the Earth. 
Below: Tides explained by gravity of the Moon. 



• The Moon: 
– Does not have an iron core; is composed of 

lighter stone (mean density much smaller 
than that of Earth’s!). 

– The core is partially molten.  
– Surface characterized by maria and impact 

craters. 
• Impacts were most frequent about 4 billion 

years ago; known as Late Heavy Bombardment 
(LHB). 

• The largest impacts made large round craters 
that filled with lava afterwards  darker-
colored maria of the Moon.  

• The surface is about 3 billion years old; 
younger craters are small. 

• A few km thick layer of crushed stone; regolith. 
• On the polar regions, there is ice covered with 

half-a-meter layer of sand grains. 

– Six manned Apollo flights in 1969-72        
400 kg of samples. 

– Space missions: e.g., Lunar Prospector, 
Smart-1, Chandrayaan I, Lunar 
Reconnaissance Orbiter + LCROSS 

Top: Maria – the dark lunar plains. 
Below: Buzz Aldrin (Apollo 11). 



Solar Eclipses 
• The Moon in between the Earth 

and the Sun. 
• 4 types: total, annular, hybrid, 

partial. 
• Total eclipse is seen in a narrow 

zone, partial in a much wider area.  
• Annular when the Moon is far from 

the Earth  its apparent size is 
smaller than the Sun’s. 

• Hybrid = both annular and total (as 
seen from different places). 

• Next total in Finland in 2126, 
annular in 2039, partial on 
20.3.2015.  

Lunar eclipses 
• The Moon in the shadow of the 

Earth. 
• 3 types: total, partial, penumbral. 
• A penumbral eclipse can hardly be 

noticed: only a subtle darkening. 
• During a total eclipse, the Moon is 

not entirely dark: some light comes 
from the Earth’s atmosphere. In the 
atmosphere, blue wavelengths are 
scattered more than the red  
relatively more intensity in red 
wavelength  the Moon looks red. 

• Next total in Finland on 28.9.2015, 
partial on 25.4.2013. 

Below: Annular 
solar eclipse. 

Above: Total solar 
eclipse (corona!). 

Total lunar 
eclipse. 



3.4 Mars 
Mars: quick facts 

Mean distance from the Sun 1.5 AU 

Orbital period 687 days 

Rotation period 1 day 

Diameter 6800 km (53% dEarth) 

Mass 6.4x1023 kg (11% MEarth) 

Mean density 3.9 g/cm3 

Surface temperature min mean max 

-87 oC   -63 oC   20 oC  

Atmosphere Thin (CO2 ,N2) 

Moons Phobos, Deimos 

Mars has icy polar regions and seasons 
because of the axial tilt of 25o. 



• In young Mars, the conditions were very similar to 
those on the Earth. 
– Believed to have been habitable earlier. 
 

• Iron sulfide core (partially fluid), surrounded by 
a silicate mantle that formed many of the 
tectonic and volcanic features but is now 
inactive. 

 

• Currently no magnetic field.  
– Signs of paleomagnetism; a dynamo process has 

been working in the past but then ceased to 
function? 

– The loss of magnetic field caused the solar wind 
to affect the atmosphere, keeping it thin. 
 

• Largest dust storms in the Solar System.  
– Storms over small areas; also gigantic storms that 

cover the entire planet.  
– Increase the global temperature. 
 

• The two moons Phobos and Deimos probably 
captured asteroids. 
– Irregularly shaped and small: largest dimensions 

being 27 km (Phobos) and 15 km (Deimos). 



• About Martian surface: 
– Polar glaciers: on the surface, 

frozen CO2 but beneath it, 
hundreds of meters or even a few 
km thick layers of water ice.  

– Southern hemisphere is heavily 
cratered whereas northern 
hemisphere is covered by old lava 
fields. 

– About 60% of the surface shows 
signs of impacts from the era of 
Late Heavy Bombardment. 

– Much of the surface is deeply 
covered by finely grained iron oxide 
dust (= rust; red color!). 

– A variety of traces of ancient water 
streams. 
• Water has either evaporated and 

escaped to space or is beneath the 
surface as permafrost. 

– Olympus Mons: the highest known 
mountain in the Solar System (27 
km). 



• Our knowledge is largely based on 
these space missions to Mars: 
– Mariner 9 (1970’s) 

– Viking 1 & 2 (1970’s) 

– Mars Global Surveyor (1996-2006) 

– Mars Pathfinder & Sojourner (1997) 

– Phoenix (lander; 2008-2010) 

– Mars Odyssey (2001 ) 

– Spirit, Opportunity (rovers, 2004 ) 

– Mars Express (2004 ) 

– Mars Reconnaissance Orbiter (2006 ) 

– Curiosity (rover, 2012) 

 

• In the future, a manned flight to Mars?  

Below: Mars Exploration rover - A 
(Spirit). In 2009, it got stuck in soft 
soil and after March 2010, no 
communication has been received. 
Above: the lander of Spirit.  


