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Outline

1. Ion motion in ion acoustic waves
2. Electron motion in Alfven waves



Electrostatic waves at ion frequencies
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Small amplitude



Kinetic Dispersion Relation
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(For  the case of a maxwellian f(v))













𝐶 =< 𝒈 𝑥, 𝑣, 𝑡 𝒈 𝑥′, 𝑣*, 𝑡 − 𝜏 >.
Consider x=x’

𝐶 𝑣, 𝑣*, 𝜏 = 𝐶 𝑣*, 𝑣, −𝜏

𝐶 𝑣, 𝑣*, 𝜔 = 𝐶(𝑣*, 𝑣, 𝜔)∗

𝑔 ≝
−𝑚𝑣
𝜕𝑓8

𝜕𝑣9
� 𝑓(𝑥, 𝑣, 𝑡)





Electrostatic wave energy density

0

2
2

4
2

10
1 1

0

( ) | |
(4 )

[ ]e f
v

nT n
n

E mv f dvW k
p ¶

¶

= + +
-ò

•Electric field (small due to quasi-neutrality).
•Electron compression
•Ion motion















• Damping is measured between two 1” dipole 
antennas separated by ~30 cm. 

The whistler-mode wave 
absorption diagnostic can capture 
suprathermal f(v) for electrons.

Whistler Wave
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Conclusions

• Kinetic degrees of freedom are generally 
active in weakly collisional plasma.

• The energetics of non-maxwellian plasmas 
is very sensitive.

• This is an area where the laboratory is 
catching up to what can be done in space.


