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Dispersion Relation of EBW
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Excitation and Propagation of Short Wavelength Wave

« We must consider how to excite the wave which has short wavelength.

» The principle of solving hot plasma dispersion relation is identical with
that of cold plasma.

nxnxE +K-E =0
For perpendicular propagating wave, dispersion relation is written as

E, LB, E, // By
« Even if wavelength is comparable or shorter than Lamor radius,
Ordinary and eXtraordinary modes are decoupled.

« At the location of resonance, the wavelength of electromagnetic wave
becomes short, thus multiple root of dispersion relation is expected to find
near resonance.



Warm Plasma Approximation
(Simplest Picture of Mode Conversion)

We consider the minimum order of finite Larmor radius effect and
neglect imaginary part of plasma dispersion function.

We assume the case of electron cyclotron range of frequency.
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If UHR Lies Between Fundamental ECR and 2nd
Harmonic ECR
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Finite Larmor radius effect becomes important near the UHR.

Mode conversion occurs and converted wave propagates to high field
side.



If UHR Lies Between 2" and 39 Harmonic ECR
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« Multiple root does not appear and it seems that we cannot excite short
wavelength wave from X-wave.



Hot Plasma Dielectric Tensor (1)
In the case of bi-Maxwellian without flow
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For simplicity, we assume electron velocity distribution function is bi-
Maxwellian without flow
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Hot Plasma Dielectric Tensor (2)
Plasma Dispersion Function
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( ) ooeX;[ IBZ] \/_szsz
112 -
Z(gjn)_ﬂ __[O ,B_é,m dﬂ |m[0)]>0

2(¢,) == | 2P g +I|k |

Z(é’jn)zﬂllzpwei;p[f ]dﬂ |k | 1/2exp[_§jn2] Im[C()]<O

Imaginary part of Z( ¢ ) corresponds to energy damping.
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Hot Plasma Dielectric Tensor (3)
In the case of isotropic temperature

A

1

" \/Ekzvj,Tz

VA (é/jn)

Bjn = %<1+ gjnz(é/jn))

k,=0 = ¢ —o0 (perpendicular propagation)

.k 5 1 1
Z($ ) =i—n""exp[-{,," 1- - +-++| asymptotic form
J |kz | J é/jn 2513n
gjo . K 2 1 2 1
A. :—Z ) = | z S . expl— : — + ...
Jn W (é/Jn) |kz |7Z— 0);]0 p( gjn) a)_an
1 .1 k v’
B =—1N1+.7 . = | 172 . expl— 2 — L + ...
jn kz [ é/Jn (gjn)] |kz |7Z- é/Jn p( gjn) (C()—an)Z

G

jn

k
k

Z ‘

72 exp(— gj?n) gives heating property.




Hot Plasma Dielectric Tensor (4)
Series Expansion
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