Plasma Physics

Space Physics... 99% or more of the Universe is in the plasma state
Solar System Physics: magnetosphere, solar wind, magnetotail, auroral
regions _ :
Astrophysical Plasmas: galactic jets, cosmic ray production, accretion
discs, solar flares _ _
Shuttle and near Earth Physics: Plasma Propulsion, spacecraft charging
Thermonuclear Fusion

Industrial Plasma Processing: coatings ion deposition

Plasma Chemistry: new compounds

Environmental Physics: Plasma Torch

Lasers: Ion Argon Laser, Excimer Laser...

Lightning (one per second on the Earth, some go up to 80 km)
Lighting: (florescent bulbs, gas discharges, advertising, plasma display
lamps

Fast Switches: ignitrons, thyratrons, opening switches

Pure Ion Plasmas: transition from collection of single particles to
crystals

Military applications: gyratrons, free electron laser, microwave sources
Hydrogen Bomb '

Future Particle Accelerators: Beat Wave Accelerator, Wakefield
Accelerator

Basic Understanding of highly nonlinear systems



Plasma Formulas and Usefu} Relationships. Mostly taken from the NRIL. Plasma
Formulary. T isine.V., L is units if proton mass, B is in Gauss, Z is the ionization state,
'y the adiabatic index, M is ion mass , m is electron mass. length is in cm, velocity in cm/sec

Frequencies:

B ®
Electron Gyrofrequency : o, =Ly = > — =2.8%10° Mhz/ Gauss
T m 1

Ion Gyrofrequency:  f, =1. 525 *x10°7Z o, = %B
Electron Plasma frequency: f,, =5.64 * 10* \/”_e ®, = 4123
Ion Plasma Frequency: fpi =210%10°Z \/%

Lengths:

Debye Length Ap = 4::;2 =7.43% 1b2 \/;

1
Plasma Skin Depth 8 = m—c- =531%10°)n
Ion Gyroradius

T
Electron Gyroradius R, =t =238 JT

Velocities:

/kT
Electron Thermal Velocitty v, = =42%10" JT

’ T
Ion Thermal Velocity :C =979%10° |-

T



Ion Sound speed ¢, = VAT, =9.79%10° .
\} 1w

Mi
Alfvén speed V, = JTBH =2.18 10" JB_
ozl un

Other useful numbers;
10°® Torr = 3.54X10" particles /cm3
1 joule = 0.24 cal = 6.2X10"% e.V.

1e.V. = 11.600 degrees (equivalent temp)
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