
 

         Chapter 3C 

 
 The excitation ratio NB/NA increases as the excitation potential get smaller. Also, as T increases, 

the higher energy levels become more populated. One should see that as T goes to infinity, NB/NA = 

gB/gA.  Hence, line strength depends on T and the total number of atoms of a particular atomic species  

that are present in the gas, that is, the abundance.  Line strength will vary from one element to another 

for the same temperature, because the excitation potentials are different for different atoms.  

 If we express the excitation potential in electron volts, equation (3-12) becomes: 

 

      Log(NB/NA) = (5040.4/T) (EA-EB) + log(gB/gA)     (3-18) 

 

Sometimes this expression may be a convenient form of the Boltzmann excitation equation for doing 

computations, at least it was in the days before hand calculators. 

 

Do RJP-52, 53, 54, 55, 56, 57. 

 

3-4C.  Ionization 

 
 If the energy of excitation exceeds a certain critical value, the electron is detached from the atom 

during the collision or after absorbing a photon.  This critical energy is called the ionization potential.  

Ionization of some or all of the atoms results in what is called an electron gas that moves 

independently of the ions.  The electron gas has it own density and exerts a separate pressure aside 

from the pressure exerted by the ions.  The notation for ionization states is as follows: 

 

 I:  neutral atom, e. g.,  HI, Fe I 

 II: one electron lost, e.g., HII, Fe II 

 III:  2nd stage of ionization, 2 electrons lost, e. g., Fe III.  There can be no HIII. 

 Etc. 

 

 The ionization potential, X (script upper case Greek chi), for HI is 13.6ev, whereas it is only a few 

ev for most metals.  Hence, metals are ionized even in cool stellar atmospheres.   

 Now we derive a form of the Boltzmann excitation equation in terms of the state of ionization.  In 

so doing, we arrive at the Boltzmann partition function. 

 
 

 

 

 

 

 



 

 

 

 

 
  

 
  



 

Ð 



       Ni    = number density of ions in ith state of ionization, 

               Ni+1 = number density of ions in the i+1 state of ionization, 

          X i   = the ionization potential for the ith state of ionization in ergs, 

and the Bs are the corresponding partition functions for the two different states of ionization.  

 

 


