
 Surface Environments of the Planets 

 of our Solar System 
Introduction 

 

We have been investigating the surface conditions of some of the other planets of our solar system.     It may be 

interesting to see how comfortable a human being might be on the surface of each planet.  As far as humans are concerned,  

a planet's most important characteristics are its surface gravity, temperature and atmosphere constituency.  If we are 

going to start thinking about visiting these objects ourselves it might be nice to know what to expect.  As it turns out, we 

can predict many of these things before landing.  You will attempt to predict the surface conditions of these planets in 

this lab exercise. 

 

 

Part I 

Gravity 

 

The surface gravity of any object in space is directly related to how much mass it has and how big it is. That is to 

say, in general larger planets have higher gravity.  But this is only true if two different size planets are made of the same 

type of stuff.  For example, Uranus is almost four times larger in -diameter than Earth and yet has almost the same surface 

gravity.  We think Uranus is made up mostly of methane gas which has low mass per volume (density).  So Uranus 

doesn't really have a solid surface as we know it.  Surface gravities of other planets are sometimes given in G's where 

one 6 is the gravity of Earth.  To be comfortable on a planet. the gravity should exceed two G’s. 

 

 

 

For each of the objects listed calculate the surface gravity in terms of G’s.     Enter these values in the place provided 

among the questions for this exercise.  For the Jovian planets such as Jupiter, we can only calculate the gravitational field 

at the tops of the visible clouds.  If one were riding in the gondola of a balloon for example in  the clouds of these planets 

, this would be the amount of gravity one would experience.  Notice the ridiculously low gravity one would experience 

on the surface of a small minor planet.  As we will see, this low gravity keeps the minor planets from retaining any 

atmosphere. 

 

 



 

Part II 

Atmospheres 

 

Another indication of the surface gravity of a planet is the velocity required to leave the vicinity of the planet forever.    

This critical velocity is called escape velocity.  It is a little bit more than orbital velocity (orbiting is not  quite escaping).  

You will download the Gravity and Atmospheres spreadsheet from the Planetary Astronomy CranNet site.  Your task, 

in this lab exercise, is to add the correct data in the three blank columns.  The spreadsheet will then do all of the 

calculations for you. 

 

After completing the spreadsheet, consider how you will interpret the velocities calculated for the various gasses.  

Imagine the atmosphere of any of these objects to be made up of innumerable molecules of different types of gasses.  An 

average molecule in this group will be moving at very high velocity.   This average velocity of all of these molecules 

depends on the surrounding temperature and the molecular weight  of the molecule. 

 

It can be expressed mathematically as: 

 

V kT
m

=
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V is the average velocity of a gas molecule which has a molecular weight of m and is at a temperature of T.   The 

value of k is 1.38 10-23 joules/degree.  You will note that the spreadsheet has this value as a constant in cell B19.   The 

velocity equation above is derived from the equation for kinetic energy and from our understanding of the behavior of 

gasses 

 

You may find in some cases that the Molecules of gas are traveling just a little bit slower than the escape velocity.    

In order for a planet to hold a certain gas over billions and billions of years the escape velocity of the planet must be at 

least six times greater than the mean molecular velocity.  Otherwise, that certain constituent of the atmosphere would 

slowly but eventually dissipate.  That's why you see the column titled 1/6 Escape Velocity. 

 

Krypton gas is very rare and would not be abundant enough to be a major constituent of any atmosphere.  Argon is 

only slightly more abundant.  Both these gasses are inert and harmless.  Remember also that the more lightweight gasses 

were forced out by radiation pressure to the outer reaches of the solar system.  Don't expect much water vapor to exist in 

the inner solar system.  By the way, methane and ammonia are poisonous to human beings. 

 



You should know of an effect called the greenhouse effect.  This allows some planets with significant atmospheres 

to retain heat received by the Sun.  Venus and Earth are the two terrestrial planets which we know to have the thickest 

atmospheres.  The greenhouse effect will raise the temperature of these two planets.    So the atmosphere we predict for 

these planets may not necessarily be what we actually find there. 

 

 

As part of a good conclusion let's assume you can build a colony on any of the objects in the spreadsheet besides 

Earth.  Make a list of the three most desirable solar system objects in order of your preference.  Explain each choice. 

Remember to consider surface gravity temperature, and atmosphere.  You may also point out any other factors which 

make a planet desirable or undesirable.  Anyone planning a colony on an inhospitable planet will die horribly and lose 

points on this lab report.  

 

  



Name ______________________________ 

Surface Environments 

Questions 
 

1. If an individual has a mass of 72 kilograms here on Earth, what would be her weight in newtons? 

 

 

Complete the following table for her weight on the selected objects. 

 

Mercury  

Venus  

Mars  

Moon  

Ceres  

Titan  

 

 

 

2. Which terrestrial planet(s) seem to be able to retain their hydrogen gas indefinitely? 

        

__________________________________________________________ 

 

 

 

3. According to the calculated values, could Mercury have any substantial atmosphere?  Does this agree with the 

information in any online search?  Cite the source. 

 

__________________________________________________________________________________ 

 

 

 

 

4.  Are there any planets which will lose a particular very slowly?  Look for borderline cases in molecular velocity 

Name the probable planets and what gasses may be escaping. 

 



 

5.  How long will Mars retain oxygen in its atmosphere?  Forever, never, or somewhere in between? 

 

 

 

 

 

6.  Triton is a satellite of Neptune and has about the same surface temperature of that planet.  But Triton is about the 

same mass as Pluto and so it has a considerably lower escape velocity.   Considering all factors, what kind of 

atmosphere could Triton have? 

 

 

Which three objects in the solar system would you choose to establish a human colony? 


