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In the present paper, it is argued that non-Maxwellian distribution functions are better suited to
model space plasmas. A new model distribution function called the generatizgddjstribution
function which is the generalized form of the generalized Lorent@appa distribution function

has been employed to carry out theoretical investigation for parallel propagating waves in general
and for Alfven waves in particular. New plasma dispersion functions have been derived and their
properties investigated. The new linear dispersion relation for Alfweves is investigated in
detail. © 2004 American Institute of Physic§DOI: 10.1063/1.1688329

I. INTRODUCTION Such nonthermal distributions, with an overabundance of
fast particles, can be better fitted by generalized Lorentzian
Recently it has become possible to construct distributionkappa distribution functions than by Maxwellian distribu-
functions from data and it is seen that these deviate Signiﬁtion function. Summerst al. in a series of pape%g‘l exten-
cantly from Maxwellian distribution functions due to the sjyely used generalized Lorentzigkappa distribution func-
presence of high-energy t;';\ils or shoulders in the profile ofion and derived a new plasma dispersion function for
the distribution _f“”Ct'O’J‘-_ Until very recently, kinetic jneqgral values of kappéx) and investigated its properties.
theory relied mainly on the use of Maxwellian distribution | 5¢er they modified the dispersion function so as to incorpo-
functions for analyzing the dynamics of charged particles ;o half-integral values as wéllHellberg et al® general-
and investigating the instabilities present in the plasmas]zed the same plasma dispersion function given by Summers

However, as is evident from current data analysis results, i+ 1152 for both integer and noninteger values and ex-
real plasmas the particle distributions deviate S|gn|f|cantlypressed the dispersion function through hypergeometric

from Maxwellian distributiond-° These deviations imply :
: . : ._functions. In the last few years several authors employed
that when we use theoretical models using Maxwellian dis-

I i . L these kappa distribution functions to give explanations of
tribution function to explain or to predict different waves and . - . S
instabilities, the ensuing results do not give good quantitativ%]any unres_olvedﬂquesnons pertaining to Maxwellian distri-
fits with observationd!~23 Since it is now possible to con- °YtO" functions’ _ o
struct realistic distribution function based on actual data, itis . | 1e Use of the family of kappa distributions to model the
necessary to use such distribution functions in our theoreticlPServed nonthermal features of electron and ion structures
models. This means that for different experiments or obser@S frequently crlt_|C|zed due.to Iaclk of its formal derivation.
vations of different space and experimental plasmas, we wilf* classical analysllg, addressing this problem was performed
need to re-derive the dispersion relations, regions of stabilit?y Hasegawzt al™ who demonstrated how the kappa dis-
and instability, etc. and most importantly provide new for- tributions emerge asa na}tural consequence of the presence of
mulations of the plasma dispersion function each time a nevduper thermal radiation fields in plasmas. Colfteronsiders
(rea) distribution functions is used. The use of non-the generation of kappa-like distributions using velocity
Maxwellian distribution functions can themselves cause arsPace Levy flights. More recently a justification for the for-
enhancement of the electromagnetic instabilities, e.g., thBation of power-law distributions in space plasma due to
Whistler mode instability:**” Many problems related to the electron acceleration by whistler mode has been proposed by
heating of particles in different areas of space may now béla and Summer$?**and a kinetic theory has been devel-
more satisfactorily resolvet. oped showing that kappa-like velocity space distributions

It is now well known that space plasmas, e.g., planetaryresent a particular thermodynamic equilibrium state, pre-
magnetospheres and solar wind, frequently contain particleumably valid for a turbulent systetA?®Also the family of
components that exhibit high or super thermal energy tailkappa distributions emerges as a consequence of the entropy
with approximate power-law distributions in velocity space.generalization in nonextensive statistics, thus providing the

1070-664X/2004/11(8)/3819/11/$22.00 3819 © 2004 American Institute of Physics
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FIG. 1. Comparison ofr(,q) generalized distribution function for the different values of spectral indicasdq with the Maxwellian distribution function.

missing link for the derivation of kappa distributions from where
fundamental principles.

In this paper we adopt a new non-Maxwellian distribu-
tion function, which consists of two spectral indiceandq,
instead of one spectral index used in the kappa distributiorq,H:

function, and has the form

3(q_ 1)73/2(l+r)1"(q)

fra)= ) 3

N 1 [(UI 2+(1)L)2]r+1
(=1 [\, v,

R
TS

-q

and

T

3(q_1)l/l+rl-*(

3
2(1+1) r(q_2(1+r))

( 5
M2a+n

a5
Fq_2(1+r))
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T, give better data fit results especially when there are shoulders
\/; in the profile of the distribution function along with the high-
energy tail. We use the generalizedd) distribution func-
3 tion to find the linear dispersion relation for left-hand and
F(q— m) right-hand circularly polarized waves in a hot magnetized
plasma. In the course of this derivation we obtain two new
—)F(q—— plasma dispersion functions and investigate some of their
2(1+r) 2(1+r) properties. In particular we give the asymptotic and power

are the respecuve thermal Speeds with respect to magneﬁ@ries expanSionS of the new diSperSion functions for differ-
field, with T, and T, the temperatures parallel and perpen-€nt values of spectral indices in order to give ready reference
dicular to the ambient magnet|c field. Here we note kmat for future work. We also derive the dlsperS|0n relation for
>1 andq(1+r)> 2 are conditions which arise from the nor- Alfvén waves; the plots for the right-hand and left-hand
malization and definition of temperature for the distributionmodes are also presented for the real part of the frequency.
function given abovel’ is the gamma function anfg; o) has

been normalized so thg;ﬂf(r qQ div=1
This distribution is a generahzed form of the kappa dis—“' DISPERSION RELATION FOR ELECTROMAGNETIC

tributjon function, which reduces back to kappa distributionéﬁRN'L?_EEELA.:.\loD ALMI\Q%IID\IEE)T\IACI:AI\:/IE?_g ROPAGATING

function when we choose=0 andq=«+1, and to a Max-

wellian when we take limitj— < andr =0. Figure 1 exhibits We follow the general formalism of the kinetic theory to
the behavior of this distribution fuction and it can be seenevaluate the linear dispersion relation for electromagnetic
that it reduces to a Lorentziakappa distribution function  waves propagating in a hot magnetized plasma given in any
whenr=0; and approaches a Maxwellian wher0 and standard textbook! ~2°The special case of parallel propagat-
g—oc. We can see in Fig. 1 that if we fix the valueg@fand  ing waves in hot magnetized plasmas is considered and lin-
increase the value af then the contribution of high-energy ear dispersion relations for the right-hand and left-hand

particles reduces but of the shoulders in the distribution funcmodes for our new distribution function are calculated.

aN—1(14T)
3a-b) F(2(1+r)

r

tion increases. Similarly, if we fix the value pfand increase For waves propagating exactly parallel to the magnetic
the value ofg then the result will be the same. field (k, =0) the elements of dielectric tensor reduce to the
4,24

We adopt this K,q) distribution function assuming it to following form:

M1 1 N 1 7
4 w_kHUH+Qa w_k\lvH_Qa
Kyx—1 0
Kzx 2 i
w i -1 1
K = pa 3| = €
K )3/1 20; w fvid Y 4<w kHUuJFQaJr w_kﬂ)_ﬂa) Goa @
Ky, 1 1 1
4 w— kHU”+Q O)_k”UH_Qa
- 0 -
|
0 Following the standard proced@rethe right-hand and
Ky, o2 0 left-hand modes in the standard Stix notafiét*°are given
Ky, [=D 2« f d3v , (3) by
Kzzy_zl @ (O] UH(U"an/(;UH)
o=k w,zm +2 p, Gfy,d%
R_l ; 2w f—oo k”UH w— Q (6)
Kyx=—Kyy, (4)
~ w> pa [T v, Gfg,d%
whereK;; are the elements of the dielectric tensQy; is the L=1-2 -~ J Ko —wt, (7)
cyclotron frequency of particles of species(i: ions; e: =T
electrons, etg, and the operatd6 is given by We find from Eqs.(2)—(4) that®
- Ky | @ kIIUH 4 -~ (R+LD)
G—(l— T E > (9UH (5) Kxx: S= 5 :Kyyv (8)
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®D_ ik

iKyy=D=— yx-

(©)

The symbolsS, D, R, andL are the well-known Stix notations and refer to the sum, difference, right-, and left-hand
plasma terms, respectively, in cold plasma theory. Thus the dispersion relation can be written concisely as

n?=R, (10
n2=T. (11

Equations(10) and (11) describe electromagnetiR andL mode waves propagating parallel to a given magnetic field in
a hot plasma, respectively. Using now the distribution function given by(Bgthen Eqgs(6) and(7) take the form

2 A (w+9a T Pl 2Z z
kH\PHa @ k”\IfHa k||\I,||a 1(§a)_ 2(§a)
1 o+ AB
o a
R=1-2 wpza o Co+A KT S Tara o | "
@ 2 2 U)+Qa
_(1_’\Pla/’\1}”a) k\If kH\I,Ha kH\IrHa
I *la w0t )
+ @ 4 o -7 N
- kn‘l'na) 1(€a) 2(£a) |
r w w—Q, w—Q, 22 . -
P A I e R
; A +A w_Qa> AB
Wy, . o .
L:l—E wp g w—Q, 2 kY, 1 P 3 . 3
a RES LAl k¥ k¥
EE WA Gh] e . T
I+l -0 2
+ a Z w -7 N
3 ( k‘I'a) 1(&e) = Z2(E) |

Equations(12) and(13) are the dispersion relation for right-hand and left-hand circularly polarized waves. In the above
equations

3(q_ 1)—3/2(l+r)r(q)

A= 3 , (19
4F(q_2(l+r) F(“ 2(1+1)
+r)(1—q)4
S L s
oo 1 -q
€= fw{”(q—nszw] as e
oo 1 —q
Cp= f_x s 1+ msz(“”} ds, (17
c =J+w52’2q’2q’ F (q+lq—L q+L —(q—l)sz(”l))ds (18
). 21 o1+t 14 ’
also
" 2(1+1)
209(¢.)= 3(q—1)‘3/2(1+f)+qr(q:)3 f:o ! (Q(—si); ] ds (19
”(q‘m 2 gem

and
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I
with the modified plasma dispersion functid@i given by Sum-
mers and Thorn@which in turn reduces to the well-known
wFQ, plasma dispersion functiaf(¢,) of a Maxwellian plasma in
§a= KW, the limit r=0 andg—c. The imaginary and real parts of

are the new plasma dispersion functions.

In the limit r=0, Z§'9(¢,) in Egs. (12 and (13) re-
duces toz{"9(¢,) and if we further take the limig— «
+1 then the above dispersion functi@*?(¢,) reduces to

Z{"9(x+iy) andZ$ 9 (x+iy) for different values of and

g can be seen in Figs. 2 and 3, respectively. Under the lim-
iting caser =0 andq=«, we can see how the new plasma
dispersion functiong{"?(x+iy) and z{"¥(x+iy) reduce

to the well-known plasma dispersion functia(x+i y)
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(Fig. 4). The same can also be verified mathematically fromand(13) for parallel propagating waves. For this purpose we

Egs.(12) and(13). assume that the frequency is well below the ion cyclotron
Likewise, expression€l2) and(13) for right-handed and frequency, i.e.w<<€;, such that

left-handed circularly polarized waves reduce to the standard

dispersion relations for the bi-Maxwellian distribution given

by Eq.(38) of Summers and ThorAdand in many standard

textbooks | Qi va Q]

- ===

Specific forms of the new plasma dispersion functions KW o ¥ e

Z9(g.) andz89(£,) in terms of asymptotic and power

series expansions whefe=x+i y that are obtainable from

Egs. (19 and (20) can be seen in Appendixes A and B, whereg;< Qf/wz. The above condition also holds for elec-

respectively. These expressions provide a ready form for usons. We now use the asymptotic expansions of the new

in theoretical work. plasma dispersion functions given in E¢$9) and (20) for

both ions and electrons and using the assumption that

m./m;<T;/T., and that the electrons contribute little to the

damping owing to the smallness of their mass in comparison
In this section we derive the dispersion relation for Al- with those of iong’ the above Egs(12) and (13) take the

fvén waves using the dispersion relation given by H4®)  form (here theu,ilc2 term is neglected

B V=1, (21)

IIl. DISPERSION RELATION FOR ALFVE N WAVES
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1 o)
(Cs)= F?J_ (s*72a7200) )k,
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~ 1 r Qi —-2(r+1)
oF1=oF q+1’q_m,q 7 ,—(g—1 )(m)
\PJZ.ie)
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e ( Wi e

where the values oA, B, ¢4, C,, andcg are given in Egs.
(14)—(19).
The real part of the above dispersion relati@®) is

1 r
- . _ —-2(r+1)

ds

corresponds to the right-hand polarized magnetoacougjic (
or fast wave. In Fig. 5 the real part of the dispersion relation
for the new distribution function given by E¢l) is plotted.

plotted in Fig. 5 which exhibits the variation of normalized We note that the solid lines correspond to the generalized
frequencyf = w/v ko against the normalized wave number (r,q) distribution function and the dashed lines represent the

a= K /ky where kozﬂivA/\Pf is the characteristic wave
numbef® for the two mode®R andL with different values of
r andq. The upper sign in Eq22) corresponds to the left-
hand polarized slow Alfve (L) wave and the lower sign

dispersion relations for a Maxwellian distribution function.
From the graphs we can see the deviation of the new disper-
sion relations from the Maxwellian as we change the values
of r and g. Thus in a highg plasma 3>1), even with
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° 0.5 ; > ized wave numbea= k; /kq in a high
B; plasma for the left-hand polarized
. (ff plot F -3 with different r Alfvén (L) and right-hand polarized
3 Plot For g=2 with different r 3 [e} or g=3 wi : magnetoacousticF{) parallel propa-
R ,// gating modes for the different values
2.5 r=3 2.5 of r andq with the Maxwellian.
2 r=2 7 2
r=1
£1.5 f1.5
1 » 1
0.5 0.5

frequency well below the ion cyclotron frequency, the two new distribution function have been investigated. A graphical
oppositely circularly polarized parallel propagating wavesrepresentation for the slow and fast modes have also been
have significantly different behaviors for the values@nd  given to aid comparison with the Maxwellian distribution
q. If we fix the value ofq or r and increase the value of the fnction. The newly constructed plasma dispersion function
other parameter then it goes on deviating from Maxwelliany ¢ peen discussed and their power series and asymptotic
If we fix r=0 aT‘d increase the value of then it Sh'fts expansions have also been given. These provide a handy
towards Maxwellian and fog— o reduces to Maxwellian. . .

form for use in theoretical work.
We hope that the work presented here can form a basis

) ) ~ for obtaining new results for different space plasmas. This
In this paper we have considered the general formalisny, o a1s0 provides possibilities of reinterpreting old obser-

of the kinetic theo.ry to derive the Ilnt_aar Q|sper3|on relat'gnsvations in space plasmas and to resolve some of the ques-
for electromagnetic waves propagating in a hot magnetize
lons left unaddressed.

plasma by employing the generalized,d) distribution : :
function, which we feel will have better quantitative fits with In conclusion, we feel that the work presented here is of

real plasmas. The special case of parallel propagating wavésMOre general nature than the work where the generalized
in hot magnetized plasmas has been considered and the likorentzian(kappa distribution function has been used. More
ear dispersion relations for the right-hand and left-handdispersion relations need to be evaluated and comparison
modes are calculated for the new distribution function. Alsowith observations need to be made on the basis of the work
the expressions for the slow and fast Alfvevaves for the presented here.

IV. DISCUSSION AND CONCLUSION

APPENDIX A: THE ASYMPTOTIC EXPANSIONS OF THE DISPERSION FUNCTIONS Z}9(£) AND Zy9(&)
FOR ¢é—LARGE

1. Asymptotic expansions for ~ Zp9

13 1 0.5 0424 (6.85 41.11 164.45

Zl'z_g 14854‘?4‘? ——— |+l F—F'FT———— ,
14 0.5 0.404 (68.24 818.9 6142.4

Zyt=—g|1482 - il -t
15 1 0.5 0.395 (855.8 17116.5

Zl’——g 1.480‘F?+T ——— |+l 520 _T+____ ,
23 1 0.5 0.3266 [ 7.203 43.215

23— g 16188 o+ —m— - [+l - ),
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24 1 0.5 0.324 [ 71.45 857.43
R A e b .
25 1 ( 159 0.5+ 0.323 ) ( 894.03 17880. 6 )
cS=— |1 — — | +i - -———],
1 g 52 §4 630 §36
34 1 0.5 0.302 [ 71.02 852.17
Zl'——g 1624‘?4‘?4‘——— | ?—T -———,
35 1 0.5 0.408 [ 889.33 17786.
Zl’—-—”g ]"61+-E?-+-_EI_ - = | _235_'_'_1?37_ -—— =,
43 1 0.5 0.294 [ 7.03 42.18
Zl'— E 1.621+ EZ+ f +——— |+ Eﬁ—fw'f' —————— s
_ 1 ( 1637+ 0.5+ .293+ [ 70.03 840.46 )
toé & g ’
45 1 0.5 0.295 (878.06 17561.4
Zl’ =— E 1.613+ ? + T — |+l f50 - 560 ——————
2. Asymptotic expansions for 259
n 1 0.707 0.84 [8.22 46.98 182.72
L
L. 1/, 0673 07 (77.99 909.99 6700.84
Zz'—_g 1-5+?+?+_ [EERR: + & )
215 1 ( 15t 0.658 0 646 ) i ( 950.92 18672.6
S T i T Ty
2 g §2 §14 §22
23 1 0.544 0 411 8.10 47.14
ZZ'——E 15+? +i §l6 2 +—-————,
24 1 0.538 0 387 7 4 918.67
ZZY:_E 15+? +i — §28 +— -,
25 1 0.537 0 388 957. 892 18932. 5
33 1 0.503 0.331 [ 7.79 45.73
ZZ’:—E 15+_§2_+T — |+ EZZ__fW —————— ,
34 1 0.504 0.328 [ 75.74 897.02
ZZ’Z—E 15+_§2_+T — |+ E——gg-rﬁ' ———————
35 1 0.504 0. 326 936. 13 18560 O
ZZ’ ——E 1.5+?+ f4 +i §38 ——————
43 1 0.488 0. 303 7.533 44 41
ZZ':—E 1'5+_§2_+ g4 +i ?f —————— ,
as 1 0.490 O. 303 73. 724 857 48
Zz’ - E 1.5+ ? + g4 + | g38 ______ .
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APPENDIX B: THE SERIES EXPANSIONS OF THE DISPERSION FUNCTIONS Z79(&€) AND Z39(€)
FOR §é—SMALL

1. Power series expansions for  Zy9
Z13=§(—2.25-2.722+2.92%*— — ) +i(0.856- 1.28%*+ 1.28%°%— —),
Z14=E(—2.17-2.47%+ 2,466 — — ) +i(0.843- 1.12%* + 0.936° — —),
Z15=§(—2.13-2.3482+ 2,231 — — ) +i(0.836- 1.04%*+0.78%°— —),
Z1%=¢(—2.10-2.27%%+2.106* — — ) +i(0.831- 0.99&*+ 0.69&° — —),
Z23=¢(—2.12-1.252—2.74&*— —)+i(0.900- 1.350¢° + 1.35¢ 2~ —),
Z24=§(—2.05-1.16:2— 2,454 — —)+i(0.882- 1.1765+0.981%— —),
725=§(—2.02- 1.125%2—2.30%*— — ) +i(0.873- 1.091°+ 0.81&*?— —),
Z20=¢(—1.99-1.10¢2—2.22F*— —)+i(0.868- 1.0415+ 0.72&— —),
Z33=¢(—2.01-0.96:2— 1.05:% — — ) +i(0.893- 1.348+ 1.3416— —),
Z34=¢(—1.95-0.90%%—0.974*— — ) +i(0.877- 1.16%5+0.974%— —),
Z35=¢(—1.92-0.882—0.92%*— —) +i(0.868- 1.08°%+0.8140— —),
Z35=¢(—1.90-0.867%2— 0.90¢*— — ) +i(0.864 1.0365+0.725%6— —),
Z93=¢(—1.93-0.82%2—0.73*— —)+i(0.879- 1.31&+ 1.31&*°— —),
Z14=£(—1.88-0.794%—0.686&%— — ) +i(0.864- 1.15%%+ 0.96:2°— —),
Z1°=¢(—1.86-0.77%>—0.66%*— —)+i(0.857— 1.072%+ 0.804%°— —),
Z43=£(—1.84-0.7662— 0.64%*— —) +i(0.853- 1.02%9+ 0.71%%°— —).

2. Power series expansions for  Z59

Z33=(—1.485-0.752— 1634 — — ) +i(2.24— 2.6%5+ 3.22%10— — ),
Zy%=§&(—1.482-0.722— 1.48%— —) +i(2.25- 2.355+ 2.35¢10— —),
Z3°=§(—1.480-0.712— 1.416% — —) +i(2.25- 2.185+ 1.9710— —),
Z3°%=&(—1.480-0.7082— 1.36¢% — —) +i(2.26-2.0%5+ 1.76¢10— —),
Z5°%=§(—1.62-0.712-0.75%*— —) +i(2.39- 3.185+ 3.63% - —),
Z%%=¢(—1.60-0.682—0.706* — —) +i(2.39-2.77£5+ 2.646¥— — ),
Z5°=&(—1.59-0.676°— 0.675%"— —) +i(2.38- 2.575+ 2.206™— —),
Z5°= ¢(—1.58-0.66:%—0.665%— —) +i(2.38-2.32%5+ 1.881— —),
Z3%=¢(—1.64-0.642—0.497%*— — ) +i(0.78- 1.0240+ 0.9548— —),
Z3%=¢(—1.62-0.65:2—0.544%— —) +i(0.77-0.93%10+ 0.86615— — ),
Z3°=§(—1.61-0.6482— 0.52%"— —) +i(0.77-0.8680+ 0.7238— — ),
Z3°=¢(—1.60-0.63%—0.52Q*— —) +i(0.76-0.753°+ 0.646&8— — ),
Z5%=£(—1.64-0.642—0.49%*— — ) +i(2.44-3.451£1%+ — —),
Z3=¢(—1.62-0.6%%—0.476&%— —) +i(2.43-3.01&"%+ — —),
Z3°%=&(—1.61-0.622— 0.466%— —) +i(2.43- 2.806&%+ — —),
Z3°%=£(—1.61-0.61£2—0.45% — — ) +i(2.42-2.6811%+ — —).

Downloaded 21 Feb 2013 to 128.135.12.127. Redistribution subject to AIP license or copyright; see http://pop.aip.org/about/rights_and_permissions



Phys. Plasmas, Vol. 11, No. 8, August 2004 Parallel propagating electromagnetic modes . . . 3829

IR. L. Mace and M. A. Hellberg, Phys. Plasn3s2098(1995. 154, A. Shah, L. less, and M. Dobrowolny, Nuovo Cimento Soc. ltal. Fis., C
2D. Summers and R. M. Thorne, Phys. Fluids3B1835(1991). 9c, 1035(1986.
®D. Summers and R. M. Thorne, J. Geophys. R¥s.16 827(1992. 18M. A. Hellberg, R. L. Mace, and F. Verheest, AIP Conf. Pr687, 348
4D. Summers, S. Xue, and R. M. Thorne, Phys. Plasina012(1994. (2000
5 .
(Dl.gggmmers, R. M. Thorne, and H. Matsumoto, Phys. PlasBn&96 17C. Ma and D. Summers, Geophys. Res. L2&, 4099 (1998.

. 1A, Hasegawa, K. Mima, and M. Duong-van, Phys. Rev. L&4. 2608

5R. M. Thorne and D. Summers, Phys. Fluids8B2117(1991).

’S. Xue, R. M. Thorne, and D. Summers, J. Geophys. R8s17 475 (1985. )
(1993. M. R. Collier, Geophys. Res. Let?0, 1531(1993.

8M. R. Collier, D. C. Hamilton, G. Gloeckler, P. Bochsler, and R. B. Shel- *°C. Ma and D. Summers, Geophys. Res. L2€, 181 (1999.
don, Geophys. Res. Le23, 1191(1996. 2lC. Ma and D. Summers, Geophys. Res. L26,. 1121(1999.
°®M. N. S. Qureshi, G. Pallocchia, R. Bruno, M. B. Cattaneo, V. Formisano,??R. A. Treumann, Phys. Sc59, 19 (1999.
H. A. Shah, H. Reme, J. M. Bosued, |. Dandouras, J. A. Sauvaud, LR, A. Treumann, Phys. Sc59, 204 (1999.
Kistler, E. Moebius, B. Klecker, C. W. Carlson, J. P. McFadden, G. K. 24k Miyamoto, Plasma Physics for Nuclear FusiéMassachusetts Institute
Pgrks, M. McCarthy, A. Korth, R. Lundin, and A. Balogh, S-iii-30, Solar of Technology, Cambridge, 1980
1°sz.an.-ls?:'th|;t(z:,03].f 'GPerg;ﬁ;:.(li%?iz 923(1988. zZT H. Stix, Waves in PlasmagalP, Woodbury, NY, 1992
A, V. Gurevich, Sov. Phys. JETEL 1150(1960). Dj C. Montgomery and D. A. TidmarPlasma Kinetic TheoryMcGraw-
Hill, New York, 1964).

12R. Schlickeiser, Astron. Astrophy819, L5 (1997).
13}, Steinacker and J. A. Miller, Astrophys.3D3 764 (1992. 2’Neil F. CramerThe Physics of AlfieWaves1st ed.(Wiley-VCH-Verlag,
147. Meng, R. M. Thorne, and D. Summers, J. Plasma PhysPart 3, 445 Berlin, 2001.

(1992. g, A. Foote and R. M. Kulsrud, Astrophys. 283 302 (1979.

Downloaded 21 Feb 2013 to 128.135.12.127. Redistribution subject to AIP license or copyright; see http://pop.aip.org/about/rights_and_permissions



