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Roche limit: 
when tidal force is greater than the gravitational 
force that holds the body together 
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m : moon,  p : planet 
 
r : distance 
 
 
r  <  fR ( ρ p / ρm)1/3 Rp 

                                   Roche Limit 
where  fR = 21/3 = 1.3                    fR = 2.456 



Saturn density  =  0.71 g cm-3 

 
Moon density  =  1.2   g cm-3 

 
Saturn radius  =  6 x 109 cm 
 
r  =  1.24 x 1010  cm   
 
All rings are within the Roche limit. 



Temperature of a planet 

What assumptions are made?  What if sychronous rotation? 



The planet’s temperature is independent of its size. 
This equation applies to dust, asteroids, KBOs, etc. 
 
Earth   a = 0.3,   T⊕ = 255 K  = -19 C  =  -1 F 
Clearly not correct. 
 
Greenhouse effect: 
 
Wien’s law: 
λmax T = 
0.002897 m K 
2879 µm K 



The planet’s temperature is independent of its size. 
This equation applies to dust, asteroids, KBOs, etc. 
 
Earth   a = 0.3,   T⊕ = 255 K  = -19 C  =  -1 F 
Clearly not correct. 
 
Greenhouse effect: 
 
Assume single layer 
 
Tsurf = 21/4 T⊕ 
 
        ~ 300 K 



Chemical Evolution of Planetary Atmospheres  
The evolution and structure of a planetary atmosphere 
depends of temperature, gravity, chemical composition. 
 
Primordial atmosphere is altered by: 
 - outgassing from rocks and volcanoes 
 - life on Earth 
 - comets and meteorites 
 
The thermal motion of a particle may be large enough 
to escape. 
 
The most critical component in the development of 
an atmosphere is the ability to keep it via gravity. 



Most probable velocity 
 
 
Root-mean-square velocity 

n particles with mass m and velocity between v and dv 
at temperature T 

The M-B distribution 
has a high velocity tail. H-atom at 104 K, 

Vmp = 12.9 km/s 



Exosphere: The region in the atmosphere where the mean free path 
path of the particles become large enough to travel without collisions. 

If  v > vesc  in the exosphere, it escapes. 

Example:  The Earth atmosphere 78% N2.   m of N2 = 4.7x10-26 kg 
Earth:  M = 6x1024 kg,  R = 6.4x106 m, Tesc > 3900 K, Texo ~ 1000 K 
Moon: M = 7x1022 kg,  R = 1.7x106 m, Tesc > 180 K,   Texo ~ 274 K 



ν Is the atmospheric escape parameter  (in units of m/s) 



The atmospheric escape parameter, ν, is essentially the reduction rate 
of the effective thickness of the atmosphere of a certain species.  
            500 km / 4.6 billion years = 3x10-12 m/s 
If ν > 3x10-12 m/s , that species is gone! 

Earth 


