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method, gives

(4)

ot By

where ) is the collisionless resistivity of the plasma, which in the Fourier representa-
tion is found from the relation
o o= mu=€A_+ w NAE
kw  kw
Tk kpve ke

)} (5)

Here v, = /2T,/m, m is the mass of the electron, and Z is the so-called dispersion

function.? Since in what follows we shall need only the real part of 7, we set approxi-
mately

mky U
( |M=I...| for E»Aw_»_cw.
e*n
12 Ref) = \ (6)
2.2
ﬁ 0 for ENVw__cn.
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an equation for the generalized vorticityi) r=—p(1-
exp(p?A;_))I, ("‘P«'AJ.)C‘P/Boi

1 (2)
L | . N
dt lmMn.( » V)8

a generalized Ohm's law,

dy c n
o SRS —-————B 0 c—
= ce, Vo 2B, VT,ln -

RSN MU

(3)

(4)

Here d/dt=8/8t+(c/Bo)[engo] -¥; M and m are the ion
and electron masses; =[e V¥ ]; n is the density; ng is
the average density; Pi =T;/Mw i’ is the lon Larmor
radius; the operator n=¢6 -1 represents the specific col-
lisionless resistance; and

gy = —S (vJ_all) v, f(v)dv —(?—gg-oj- + ﬁ) E,.

The operator n an inhomogeneous plasma can be
found from the electron dz_'ift kinetic equation

i .. vB e . of (5)
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The Boltzmann kinetic equation

U o =cp)

Oz
Constraints of particle, momentum, and energy conservation
[cpav =,
/chmv=m

/wcumv=o

A linearized model operator of the relaxation type
C(f)=-v(f—-Fr)

The moments of the distrubution function

where v' = v — V is the random velocity.
Relaxation distribution function

n  V.v T (v 3
fr—fM[-T-L_(;+2—'v—t2—+ﬁ(vt2 2)],



Closure in terms of the source functions

(Hazeltine, 1998)
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FIG. 1. The real part of the inversc phase speed, k/w, vs 1/wr,. The phase
speed is given in units of the adiabatic sound speed, (yp/po)'2. The first-
and second-order dispersion relations of this paper (with o=2/3) are com-

pared to Navier-Stokes, Burnett, and the experiment of Meyer and Sessler
(Ref. 25).
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Dispersion and absorption of waves

25

nr

VoV

0.5

181

- -= Bumett

— — 13 Fields

— 14 Fields

— - - Navier-Stokes-Fourier

Fig. 1. Phase velocities as functions
of the circular frequency in the non-

relativistic limiting case

- -~ Bumett
— — 13 Fields
—— 14 Fields
— - - Navier-Stokes-Fourier
rd -~ - TR - =
,/ LemT T T T T e—e—. —_—
s T T T—-—
,/ SeRETTao s TR
I/ /” — L]
y ~2 - aue fn uy
-~
S~ - L
———————— Fig. 3 Attenuation coefficients as
functions of the circular frequency in
| the non-relativistic limiting case
0.5 1 1.5 2 2.5 3
T

C .C,Qratﬁ\r\qu(

13\ SY‘\QQ&S

we&MS -

, 00|
Gyod )R
Q c‘uqst‘\ ! S)



On the physics of Landau damping 2085

10° 2 s 107 2 s 10 2 s 10 2

FIG. 2. kp/ky (upper panel) and k;/kq (lower panel) vs r. The theoretical
results from Sukhorukov and Stubbe (Ref. 16) are shown by solid curves.
The experimental results from Meyer and Sessier (Ref. 17) are shown by
white squares. Fluid damping results, following from Eq. (44), are shown by
the dashed-dotted curve in the lower panel.
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