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PROPAGATION OF 
ELECTROMAGNETIC WAVES
IN A DILUTE PLASMA

Plasma -- an ionized gas.
Electric current is carried by electrons and 
ionized atoms. Because the electrons are 
much less massive than the ions,  the current 
is dominated by the electron motion.
(ae = F/me >> F/mion = aion)

Use the classical electron model for the 
current.

The conductivity is complex!
What does that imply about the propagation of 
electromagnetic waves? (We previously 
studied the effect of conductivity with real σ.)



Case of a Dilute Plasma
It’s not simply that ne is small, 
because σ is proportional to ne  . 
What we mean is that collisions 
are rare. Then γ is small, i.e., iωγ << 
mω2.

Energy sloshes back and forth 
between the fields and the 
current, but there is no energy 
loss.



The Dispersion Relation

i.e., the relation between k 
and ω ... 



Propagation of Electromagnetic Waves

First, high frequencies …



Propagation of 
finite 
electromagnetic 
waves, i.e., waves 
with finite 
longitudinal 
extent (as 
opposed to ideal 
plane waves).
(pulses or wave 
packets)



Second, low frequencies …Propagation of Electromagnetic Waves

In electrostatics an electric field does not penetrate into a conductor (e.g., a plasma); the electrons move 
to screen the electric field.
Exercise. For low frequencies (ω < ωp) calculate the attenuation length .



Lecture 13.5 *

The Ionosphere



Exercise –
What is the attenuation length in the plasma?


