
Physics 122 Plasma Physics
Walter Gekelman

Introductory Concepts

The Saha equation relates the number of neutral atoms n0, to plasma ions ni,  as a function
of temperature T .
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   where k is Boltzman’s

constant, k = 1.38X10-23 Joule/degree K,  ( 1 erg = 10-7 Joule, 1 Joule = 0.24 calorie
6.2X1018  e.V.).
The temperature of a plasma at 1 electron Volt (1.0 e.V.)  is 11,600 degrees Kelvin!
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thermal velocity is defined as :   v the ≡
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  for electrons it is  v the =  6X107  Te)   and

for ions v thi =  9.79X105  
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When is a collection of charged particles a plasma?  Consider a great number of positive
and negative charges and then put a charged plane into it.  If it is positive it will attract
electrons which will shield it from the rest of the plasma.  The potential in the plasma is
governed by 1D Poisson’s equation:
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(ni − ne)e    This in general is insoluble   (why?)

We then make the following assumptions  (you should be able to reason why we do so..)

Ion density: ni = n0 = n∞ ,  and for the electrons : ne = noe
eφ
kT

Then we expand the exponent and linearize:
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and then
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  where T is in

e.V and n in particles/cm3

λD
  is the Debye length.  Consider a spherical volume.  The number of particles in a “Debye

Sphere” is ND = 4/3πλD
3 .   Now we can define how big a volume of charge particles must

be if there is a plasma in it.  λD << L, where L is the scale size of the plasma or
experimental device

Langmuir Probe

This is the simplist diagnostic, everybody uses it, too bad it is nor super accurate.
It is basically the tip of a wire, a small sphere or a disc immersed in a plasma.  The tip is
biased with respect to the plasma chamber wall or a grid or electrode in the plasma.
Current is collected as the probe bias is changed:

When the bias is very negative it collects only ions, this is the ion saturation current.  When
there is no bias the probe is said to “float”. Since, per unit time, more of one species hits it
than the other (why?) it charges up to the floating potential.  When the probe is biased
above the “plasma potential” it collects electrons.  These regions are shown below:



The current to the Langmuir probe depends upon which region you are in
For the case where there is no magnetic field....

Ion saturation region:
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   R = probe radius

     n = density/cm-3

There are other expression for cylindrical and spherical probes.

In the transition region let us neglect the ion current:
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