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The total energy loss of a nonrelativistic particle passing through plasma may be quantized in 
units of ħωp, where ωp is plasma frequency. If we assume that in plasma, the electrons are 
completely free and feel no force other than the F = eE, which is due to the electric field, then 
plasma frequency, is given by [1]: 

ωp = (e2N/mεο) 1/2 

in which N is the number of electrons per cubic meter. This frequency depends solely on the 
properties of the gas considered. It corresponds to a frequency,

fp = 8.98 N1/2     (Hertz)

The plasma frequency is basically a measure of the electron density N of the plasma. If fp is 
about 104 megahertz, N is typically of the order of 1018 electrons per cubic meter, whereas in 
the ionosphere, where fp is about 3 megahertz, N is of the order 1011.

The common experimental situation is an electromagnetic wave propagating into spatially
confined plasma, the density of which gradually increases as the wave penetrates inward. That 
is, the wave frequency ω is constant, while the plasma frequency ωp increases with distance.
By inverting the first equation, we can define the critical electron density in terms of the wave 
frequency:

Ncrit = mεο ωp2 / e2

The plasma medium is transparent as long as N< Ncrit. When the wave reaches the critical 
layer, the wave is totally reflected.

Metallic conductors behave like plasmas at high frequencies. The alkali metals like Li, Na, K, 
Rb and Cs are observed to show a sharp transition from opaque to transparent at the 
characteristic ultraviolet wavelengths according to the following table:

λc (nm)Element
205Li
210Na
315K
360Rb
440Cs

 On the assumption that the observed transition is a manifestation of the plasma frequency, we 
can calculate the effective number of free electrons per atom in each case.
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