
Escape Velocities and Atmospheres 
l  An atmosphere is a thin layer of gas bound to a planet by 

gravity.  The gas particles will have some typical velocity 
depending on the temperature and type of gas. 

l  The velocity of gas particles can exceed the escape velocity of 
the smaller planets and moons.  This means they will not have 
an atmosphere. 

•  Heavier gasses tend to stay closer to the surface than lighter gasses. 
•  If the gravity is weak, even the heavier gasses may escape. 



Surface Gravities and Escape Velocities 

l  The surface gravity of a planet is an indication of the force of 
gravity at the surface. The surface gravity of a planet depends on 
the Planet Mass M and on the Planet Radius R.   

      (G=6.67x10-11 Nm2/kg) 
     
 
Earth: g=9.8 m/s2 

 
 

l  The escape velocity of a planet is how fast you have to initially 
move to escape the planet’s gravity. 

    Earth: g=11.2 km/s 
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Escape Velocities in our Solar System 



Two Types of Planets 

l  Planets come in two types:  
l  Small and rocky. 
l  Large and gaseous. 
Or 
l  Terrestrial 
l  Jovian 



Planetology 

   Some things we want to know about a planet: 
1)  What are the surface features like? 
2)  What is the interior like? 
3)  What is the atmosphere like (if any)? 
4)  How did it form? 
5)  Is there (or was there) life? 

l  An understanding of other planets may lead to a better 
understanding of our own Earth. 



The Terrestrial Planets 

l  The terrestrial planets are Mercury, 
Venus, Earth (and Moon), and Mars. 

l  Their densities range from about 3 
grams/cc to 5.5 grams/cc, indicating 
their composition is a combination of 
metals and rocky material. 
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The Earth 
l  Radius: 3,959 miles (6,371 km): Circumference = 24,875 Miles 
l  Age: 4.54 billion years 
l  Mass: 5.97 x 1024 kg 
l  The density is 5.5 g/cc, indicating a substantial amount of dense 

elements, probably iron. 
l  There is a substantial atmosphere (mostly nitrogen), and water in 

its three phases (liquid, solid, and gas). 
l  Owing to erosion, the surface features are relatively young. 

The Earth’s Atmosphere 
     The Earth’s atmosphere is useful in at least three ways: 

1)  It keeps the Earth warmer than it would otherwise be. 
2)  It keeps most of the harmful UV and X-ray radiation from 

reaching the ground. 
3)  It allows us to breathe. 



The Earth’s Atmosphere 

l  The Earth’s atmosphere today consists of mostly 
nitrogen (N2) and oxygen (O2), plus water vapor 
(H2O) and carbon dioxide (CO2). 

l  There has been considerable evolution of the 
atmosphere 
l  The first atmosphere was mostly H and He 
l  The second came from the Earth, volcanic 

eruptions, in the form of CO2, H2O, and N2 

l  The oceans absorbed much of the CO2, and 
early life converted it into O2.  



The Earth’s Atmosphere 
l  The temperature of the atmosphere has a complex dependence on the 

height:  



The Earth’s Atmosphere 

½ air density  --- 
     on ground 

1/10th density --- 

1/100th density --- 

•  We live in the Troposphere. 
•  The air density ρ drops in half at an altitude of 6km, 1/10th at 15 km… 



The Earth’s Atmosphere   
Temperature vs. Height 

In the troposphere, the higher you go, the colder it 
gets, dropping about 7oC per km increase in altitude. 

The Ozone layer is in the 
Stratosphere, it absorbs UV 
radiation from sunlight and heats up. 
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The Greenhouse Effect 

l  The Sun heats the Earth. Some of the energy is scattered, and some 
heats the ground and water. 

l  The Earth tries to cool at night, but the atmosphere (primarily water 
vapor/clouds) traps much of the radiation. 



The Greenhouse Effect 
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The Greenhouse Effect 
l  Because of the Atmosphere, the Earth is about 20-30 degrees Celsius 

warmer than it would otherwise be. 
l  During the last 50 years, the concentration of CO2 and other gasses has 

risen, partly due to human activity (but still less than ½ of 1/10 of 1% of Atm). 
There is some evidence this is causing Temps to rise. 

l  Over last ½ million years, most of the time the Earth was much colder 
than today. We are in an interglacial period now. WHY? - still debated. 
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The Interior of the Earth 

l  We can use earthquakes to 
study the interior of the 
Earth.  There are two types 
of waves: 
l  P-waves, which travel through 

solids and liquids. 
l  S-waves, which only go 

through solids. 

The Earth has a radius of about 6400 km. With current technology, we can 
drill only a few km deep. Therefore we must use indirect techniques to 
study the deep interior of the Earth. 



The Interior of the Earth 

l  We can use earthquakes to study the interior of the 
Earth.  There are two types of waves: 
l  P-waves, which travel through solids and liquids. 
l  S-waves, which only go through solids. 



The Interior of the Earth 

There is a solid inner core of iron, surrounded by a liquid iron core, 
surrounded by the mantle composed of silicates (rock).  A thin crust 
is on the outside. 

Early Earth                  Now 



Why is the Interior of the Earth so HOT? 

Surface 
T=300K 
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Why is the Interior of the Earth so 
HOT? 

l  Natural radioactivity and the original heat of formation 
provides the energy source that heats the Earth’s interior. The Earth 
was formed from matter falling inwards and colliding at high speeds 
with the planet. 


