
Generalization of collision frequency  concept 
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using the  Dirac delta property gives,  
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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



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 ?



Momentum transport equation  

 

Friction
 force

   

   

 

 

• This equation of motion states the time evolution of momentum for each fluid 
element  is due to self-consistent electromagnetic forces, pressure, shear and 
collisional interaction, as well as the creation/recombination of particles. 

 

Self-consistent 
electromagnetic force

Momentum loss/gain
by ionization/recombination

Non-diagonal 
components of the 

stress tensor
(usually neglected)

Scalar 
(isotropic) 
pressure

 

Mass density
 

Charge and current density 

 

• The friction force between species accounts for the 
collisional interaction between electrons, ions and neutrals.

 
  

 

 
 

  



Electron models: isothermal (Boltzmann)

ne0 is the density at φ0

What are the consequences of this model?
 Electrons at constant temperature → Instant thermalization → infinite number of 

collisions

 Not cooling down when density reduces (plasma expansion)

 Electrons instantaneously response to changes in electric field



Electron models: polytropic

ne0 and Te0 are the density 
and temperature at φ0

What are the consequences of this model?
 New unknown in the system 1 < γe < 5/3 

 Limits between isothermal and adiabatic descriptions

 Electrons instantaneously response to changes in electric field

These models can also be applied to ions
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