Characteristic scales related to magnetic field
(gyration)



In plasmas, charge density is always close to zero, but electric current density is not.
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Coulombic electric field does not exist globally. Magnetic field can globally exist.

Cyclotron (gyro-) frequency... charged particle gyrates around a magnetic field line
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Magnetic field also introduces characteristic time & length scales into plasmas...

Time scale... gyration time: 7. = 2n ' When 7 ; << 7, a particle is strongly coupled with

Wp  Vr magnetic field
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Length scale... gyration radius: r = Vi T Whenrg << lmf,,, magnetic field plays a main role in
Wp  Wp  changing the momentum of a particle in B | -plane.



Collision vs. Gyration
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Gyration plays a collision-like role in changing the momentum of
a charged particle in B,—plane.

Difference between collision & gyration:

collision produces random motion in all directions => pressure, temperature in all directions
gyration produces ordered motion in B,—plane => pressure, electric current in B,—plane



Summary of characteristic scales of plasmas
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Magnitude relationship between
characteristic scales



Length scales: A
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Plasma relaxes to a charge neutral state much faster than a thermal state.

=> nonthermal plasma (7, < 7 ..omenon « £.), thermal plasma (7, « 7, <1 ,,..0menon)



