Cyclotron Maser Instability
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This wave-particle resonance can be used in two ways. Damped, plasma heating; Unstable, generate electron cyclotron wave;
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Why do we need low density beam? Zero rotation. Also, the longitudinal mode is decoupled from transverse mode.


Problem 7.1 (Qﬂqnu{)

Consider transverse electromagnetic wave perturbations with
Sé =0 Eg-éz propagating parallel to a uniform magnetic
field Hﬂéz through a uniform electron plasma with equilibrium
distribution function EE{E'E} = ﬁere[pi.pz]. Express perturbed

quantities as
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To be fully selfconsistent, need df contribute no parallel current. 
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(b)) Neglect eguilibrium self-field effects and make use of
the method of characteristics (Sec. 2.2) to integrate the
linearized Vlasov eguation. Show that the amplitude of the

perturbed distribution function &f_(k_.,p) can be expressed as
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monotonically with BFE/Blpf + pi] < 0, then the solutions to

Eq.(7.4) [or Eq.(7.3)] correspond to stable oscillations. on the
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to an inverted population in perpendicularc mnﬂihtum p,. then there

is a free emergy source to drive the cyclotron maser instability.




Cyclotron Maser Instability
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Cyclotron Maser Instability (Summary)

«6 Unstable fast wave for long wavelength
5 Self-field effect (7.2.2)
6 Finite radial geometry (7.3) o

« Damping by momentum spread
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Question 1: where does the wave energy come from?

Question 2: how is the beam spinned?




Cyclotron maser instability for annular beam (Sec. 7.3)
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Difficulty: inhomogenous in r
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Treat beam as a perturbation

No. 1 trick of physics
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Stabilization when 0k is large

for Imw =0
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