
Lecture 1

Introduction & Single Particle 
Motions of Plasma

PHYS 777 
Plasma Physics and Magnetohydrodynamics

2004 Fall
Instructor: Dr. Haimin Wang
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Plasma:
Quasi neutral gas of charges and neutral particles 
which exhibits collective behavior.

Saha Equation for Ionization:

gas neutral ofdensity number     :  
gas ionized ofdensity number     :  

ature    temper:   
energy ionization    : 
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Motion of Neutral Gas:

Maxwell’s Distribution
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Debye Length and Shielding
Plasma can shield out electric potential applied to it.

If T=0
will attract same amount of ― from plasma.

will attract same amount of + from plasma

Shielding is perfect.

If Tπ 0 
Thermal motion may make some local charge imbalance. The scale of this     
imbalance is called Debye length.

Plasma
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Thermal energy ï potential energy
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For plasma  λD   Ü other scales of interest as charge imbalance can be 
introduced in the scale of λD
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Single Particle Motions

Uniform B field ― cyclotron gyration 
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Frequency of Simple Harmonic Motion

Frequency Cyclotron           ||
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Guiding Center
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Any z direction motion will make the orbit helix
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Adding Uniform E
v
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The Larmor motion is the same, but guiding center is drifting
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Gravitational Field
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Curved       :   Curvature DriftB
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Plasma Oscillation
If electrons are displaced from ions, an      field will be generated to 

restore position of electrons.   Electrons will overshoot and  oscillate around 
their equilibrium positions.  Oscillation frequency is called plasma frequency.

Three equations (next lecture)

frequency plasma                           

      :equationn  oscillatio        

                                               
         equations  linearize        
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Homework

Chen Book
1-5, 1-6 and 2-12


