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Continuum models 

 

 

 

     

 

The continuity or mass conservation equation:

 

 

 

   

 



Generalization of collision frequency  concept 

 
 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Flux of electrons  

Background of cold 
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using the  Dirac delta property gives,  

 

 
 

Ionization frequency



 

 
Assuming a piecewise 
ionization cross section: 

 
 

 

Sometimes it is also assumed:  
 

 

 

 

 

Approximations:

 

  Charge production is exponential! 
 

Ionization in a fluid model



 

 

Cross sections for noble gases Cross sections for different ionization levels of Xe 

 • The mean free path for ionizing collisions is,

 
 

Represents the number of ionization 
events per volume by time unit

 
Estimation: 

Electron impact ionization



Photoionization

Interaction of light with an atom results in an ionization event.

The photon has enough energy to strip an electron from the atom.

Usually, the energy of the photon needs to be above the first ionization energy.

Extremely important in LEO

Solar radiation and cosmic rays

By Robert A. Rohde - This image has been extracted from another 
file, CC BY-SA 3.0



 

Three-body recombination (electron-ion)

 

 

 

   

 



Radiative and Dielectronic recombination

Radiative recombination

Dielectronic recombination

Both processes share the emission of a photon (of frequency ν) after the recombination.
The frequency of emission depends on the exact transition.
In dielectronic recombination the ion goes through an intermediate excited state.
The de-excitation process is the one emitting the light.
Where does the emitted radiation go?



Saha equation for a plasma in equilibrium

Developed by Meghnad Saha in 1920 for stellar plasmas.

CONDITION: Ionization comes from collisions of thermal atoms. 

For a single species plasma, n0, n1, ne (H, H+, e):

 ni, ne are the ion/electron density
 gi s the degree of degeneracy of the i state
 ϵi is the ionization energy
 kT is the temperature (in energy units)
 λth is the thermal de Broglie wavelength

How is it possible?

Why x increases at lower n ?
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