4 I % {8  Acta Phys. Sin.

Vol. 60, No.5 (2011) 055203

RimEX IR IREF 2B ER A F
HERZBHERE

A=

[ 1

(FEREWHA,FHE  330031)
(2010 45 H 7 Hk#];2010 457 H 25 H Y EMB MR )

RSO 5 Fi [R) PE AR S A X T DR P S R A 4 8 T P RRIIR O LB R AT T A A A B 9. A5 B
SCMVELIR S BIOR R AT 2. oy T AT AT ARUGS SR Ky R AR, DI 1A 30 e ipl s ) € B 4, DRI € B
BEAT T RUECR AR PR W R0 A R SORJE I SR PRI, AT (Bl 2 5 8B L it 2R S8 A . LA, P 2
T BN 7 0 RS R BTG A BRI S RO P 10 A 45 8 T IARIR ¥ G BOC R R 1k 50 % 45 R
Ayt — 2R FE R 0 A A R P AR T A E .

LA ISR TR, WATA 0, GHOCR, BT

PACS: 52.27. Ny, 11.55. Fv

1. B =]

FER TR Z R RS AR e
PEA G, T35 B TR ) G HIOC R 2 DF 0 55 B TR
FREPER AL, COBOCR G TR o 5K &
k ZMP R, JUE T Rl R EBOCR, A
ERT A5 (AN B 1 1) 8, 38 W] LA 52 I8 10 A%
FERE ) R P RO R S B AR kL
TR A B VIAHSC , 396 A [) A 1) 55 15 1R v g
M HOOC F OB & A= 28 k. H I, AT AH X 8
Maxwell 7347 DA S 25 81 Maxwell 4317 I % 18 & 734
P AR O O RMEAT TR T E
FEEERED O R YA B A P R (1 il A
HARAR/INESORE 9 3 32 08 R 1 B ) R I b 1
(19 53713 K AS P 2 2 LT Maowell 23470 KL 1Y
Ut S S e e o B NG R = % YA R 0 o
NI KRB ) A T 5w R AR,
AR BEREBE S kb B0 R Y T S e A
gt A B A A B AR XS A T
TR 2N 25455 BT A BT 50 ) B R

TEAZ IR SN HE A R AR Py B e | 45 8 R I8 ]
JINE T8 BRI M Y s DL . FE R RE X,
L AT PRSI BB 1t 1Y 8 N4 R R X T A,
BI £, oc &7, fmyBE LR AR B AR5
AR 3 B o S A S S ) R 8 e Y
K EE. AH 18 PR HL 7 1Y 43 A oK BCE L TP A Y
Maxwell F3 A, B AA7E T 55 25 -V -5 i i 20 52 7
HEDE ) A o B i 3h [ B HE R Kaplan Al
Tsytovich" ™™ JEF P it F 40 A5 (19 T AL 20 Silin Al
Rukhadze' ' FF 152 B AHXT 16 Maxwell 2347 Fl 45 T A
THEUE LR E B IE, M 26 1 PRl 01 55 2
TR EHOCRMIEATIE 2. A SO S B TRk g Bl
W &, TR BRI 43 B 9 JE Al B o PR 0 A
S5 ARE D'G URE IR 3% 1) €8 IO R R AT i B RN B
ER A SR e B a4, 5638 T 10
SRR PR G A BOC R BT IT. B T AR
W R E il R ARG e, >
m,c’ (m, HEFREE IR R c L)  Ha20R
JEE T (8L G R )5 . A 5 3K o A g A X 18 2 PR
TSR OHOC RN R R R R
B FR RIS B W A S T 1 [ R AL P 2 5%

se [ RL 2B AR BBk AR H (HEHES :2009DFA02320) , E 5K [ SRR 2258 4 (L HES 10963002 ) Fl [ 5 8 5 HE Rl 58 1K) (It

5:2010CB635112) % Bl AT A

T E-mail ; sqlgroup@ ncu. edu. cn

(€2011 FEHIEEFES Chinese Physical Society

http ://wulixb. iphy. ac. cn

055203-1



4 I % {8  Acta Phys. Sin.

Vol. 60, No.5 (2011) 055203

2. iRk BT AR

MEEE RS S &, B AEXT IS M Viasov
TR TR E TR B Maxwell J7 FRAS 3145 B TR (3R
TMBE B 3l i o] B Aol v+ 55 55 114 19
R A 4

¢ 2re’ of, (kxv)®
fo=l+ szpasw k-v+il’ (1)
Horp f AR TS B p 25 ) B9 70 A pRER, if

Sk EHMELAE. e, 0,k,v Fl e 43 H A XS HL T 1)
AefE IRGER KO KL 12 3l %) 3 B RN FE - F o
e A s 7 FE < 1 [ i Y3 N O /e ey 1 =
k =k, (1) =016
d= 12 fap agarrz;fiiz (2)
X v v, 40 F0R T B FPEAT TR ks
gy FERRARAR R ADRE (2) Ak ok
. 4’1T e c

g =1 - )fd 3af

1
Xf 1_—xdx,

X - yvp/u - 1i&

(3)
’ﬁ\:qj’vp =w/ke,x = cos®, ALHE ju =p/m.c =yV/
= /(1 +u) AR T
FIF Plemelj 2438, —— = v L Fims(2) ¥
z+10 z
(3) 2AXf %

fD/\

87T€
g, =1+

)jHPZ (4)

x [%m(% ) - So- )] )

Hir 0(&) MBTERPREL 24 € >0 BF,0(&) =1;0(&) <
0 BF,0(€) =0.
A B PR AOROC R I — OB Ch
Res|, = kK'¢’/w’ . (6)

Tl T3 A BF T RGBS (0, > 1), BD(5) 210
JEIRAE. FEMIRA RS T LT, w/y =1, W55 &+
IR R Y O B AR

ke’

2
w

:1+87Te

[y Peian, (1)

Hrp

(8)

1 2 v+ 1
H, =1 +27(1 —Up)ln( P 1).

p v, —

3. AdAT b M T A

SR, B UL 5 B 33 4
7 ot T B 5 ) 530 6 0 2 0B
AR,

ay(ay — 1)nye,'s’

fo = 2(e, +&)? )
Hodrn, WHETFEEE oy WHEE(2.5 <a,<2.7),
HFRER N e =¢ /m2c® +p°, N (9) R AT 15 2] by
TP RE R
(g) = fcgfgds ~ &, . (10)
i LRI, e, MR, LTI B e iR K, S T
AR FE X P B,
TERRE(e>e, ) X, PR 43417 R AU P BE 5 1Y)
B hn gm0 e, B

fooce™™. (11)
(9) =i e IH—fb 45
jofgds - fo amp’f,dp = n, . (12)

TERRAIRIE IO, T RYRE R FISh BRI SC R
(13)

Ld=g,/mc u="La,(a;-1)d"°"]/2 BT
(9),(12) F(13) A2 IAHRS ISP T TES)
2 [] ) A BRI

Sy =

e =cp.

[kl 1
dm(mec)’ (a +7y)o?"

4. W A AR IR 09 B R R

M(14) AT F+
af, 1 M, (ay +2)
e m.¢ 4w (m, 0)3[ —m . (15)
¥ (15) AR (7) X 15 B Py 0340 55 5 1R TE
e S AR 185 B0 T B R 3 € WO T
ﬁ _ +<ao+2>ﬂ wf)c
o’ 2 ke

* 1
x| H|-————
fo 0[ (a +7y)o"

H o, = J4me’ny/m, S T55 8 FARMFR.
U RIAE L e R T, Bl o, > 11, (8)3X

(14)

(16)

2
u du,

055203-2



4 I % {8  Acta Phys. Sin.

Vol. 60, No.5 (2011) 055203

et

1

H, :=%§w§(1 +-?;ﬂ§). (17)

A7 (16) A (17) 3K, A3 2P L 40 A0 55 3 A
PF K Pl S aoe &

w = wi +%k202, (w>kc),

(18)
VB/3w,, AHIFIBAEIE B T2 B T

S S
(d + y)a0+3u
1 2 1
= (o +2)#(a_a0 +1 +a0 +2
U A S T, M, > 1 Ho, ~ 1
WA Hy = 1, PR 0 A 25 5 5 B3I 3 0 O
BN E S

w = iw]z) + 7K, (o ~ ke) .

2

PLEFRATSE) TRDGHE (v, > 1) BITEBLT K

it AT PR HL 7 A1 45 1 1 PR B R 35 1 4K SO
PSR EBOCER, BAT 50 (18) A1 (20) 2
AT FAT AT H - P o0 A 4 B TR BE IR
OHOCR S Maxwell 737 55 B 1A AL i BT P
A d {EE B B E RN A T Y AR
AN, 33X 5 A XS M Maxwell 4371 X 45 25+
TR A B EL5 R — 2, R B IERR A RBORFE.

5. BUE T E KAt

B =(ay+ 2 du

pwxw)

(20)

FIAT RN S 5
N=wo,K=hk/o,,v, =K, (21)
DU i R X 18 DR L 5 A1 A B TR B R U 5 BIOG
FRBYENT(18) F1(20) ATAL AN T i TE = ANIE K

0= B8 osK), (22)
375
0 - §+ﬁxn~m. (23)

DI IA R A TR B (2K R
B0~ K) BAR S 0 GO R, T 55158 4 10
S B FL T4 125 85 T P TR 3 10 5 B 2%, TR
1145 (8) SLET IO A (16) 3, FF B 37 (21) 3¢, 7551
Pieets T4 71 258 55 T Tk 00 1 9 B 0 55— e
TR

1 K 03
§=13%P+75@-E)

nl225)]

R o # (24) 2, BV ATA5 B IR 5 58 B 19
O hh 2.

TS5 B VR 118 5 5 0 i 21 5 I R[] 2 o
it 511 52 HE ) S5 B AR D A i H - AR Y RE
H(e>mc) , XHWRd=¢c,/m,c =10, F ¥ a, =
2.6 T HEARAT O B 22 5 B0 (i 2 TR
125 1 RIS 55 6 I8 SR IR 3 filk AT e R S (E A
g, ik 1 s, Horb S o, b 50K
W37 (22) A 32 (23) AT Aiith ¢, i th 46
¢ WEUERE (24) BB A EUNZ. 8 TReE 2
AN A S AT i 2 FNEICAEL it e 1) 22 031, R b B S
Bt 2o, g 1 45 R,

10F /

a4

(24)

0. 40
0.35

0.20
a
0.25

o1k 0.20

log (£2)

0.15

11111

P d =10 I Bk (0 8% 2R A% A g FE(EL A

ML T AT UL PR 53 A1 5 B R R v
S R IIHMT A AN S 3 1), RIVE A I S0 R i S 2
[ BT AT 5 B T T 5545 30 1 € i £k EL A T 4
R SEAE T UL AN, K I S0 K S i 6
TEW LT A 2>K 5 Q> K H 0 ~ K B 581H
[N B SRRt

M(10) AT, &, BK, LTI I RE R AR,
S B AR A AL B R JUAE X R R, R T
Wb WA 200 B2 X PR L - 0 A 5 B AR R iR U K
KRN, 43 9B d M 10,50 ,100,500 F1 1000, %f

WA EOTRE (24) AT B R A, 75 2 & 2

JIE 7R £ R 2.

ML 2 A HIOC 2R A EE ff T LA B, o (BB
KRV R B ) |, ARS8 1E i 25 B 7 IR A5 %
/)N R AR TS 0N 5 | Ak R 0 1 AR A T R
.

055203-3



4 32 % i Acta Phys. Sin.  Vol.60, No.5 (2011) 055203

PIRUETH A R AR 3 52 2%, B 2 A 5

v (e T 2 SRR 5 € 90 3R 10 B A7 0
0.8 B, A5 3 a7 B B R R AR R O A2 A 1 BB T3
‘ H—gh 2=4, + B,K + C,K’ + D,K* ,ZH N A,,
67 By, Co, Dy, IEHIET I AEOE R BRI 1.
S 04
6. & i
0.2
O S th 3 B 8 5 H R R f
0. 01 0.1 1 R AR A5 1] (] 1A ARG ot A X 18 PR PR - 22 S R A A 5
tog (10 T PR €6 O R AT T AT S A 4
M2 BRI B 6 B Br. 8 EE A5 ) T 4 i HL B U £ 0 22
MEEZE R (B 2) /&, AR (e, ) X R F
F 1 RBEFHNTEEFRBIRGE d SORRIER S8R I A A B TR R R V7 (R R 12 M AR K 7R B R
d=¢./m.c A By Co D, 15, DR EL - AR Ve P B | Y 37 1 R ). 3
10 0.21615  0.35029  0.88734  —0.42452 5T A B R PR I e BIOC R A ALY
50 0.08282  0.65906  0.53777  -0.27743 PEBT. SCIESIH T d B3 (I iR G HOCR
PSR ATARHE T 5 B A R S5 1 A B 240, 1R
100 0.05292  0.76063  0.39289  —0.20688 At B AT AR SR O 5 1 B L DL E
500 0.01729  0.90859  0.15996  —0.08706 BaE BB 5T L B 0 A A5 T v B 3R Y A
1000 0.01035  0.94259  0.10241  —0.05630 A AGABRFVE | 5 T X A Wl AT S ik

T 6] AR ELAE A Y B R R (B 2 %

Xue J K, Lang H 2003 Physics of Plasmas 10 339 [13] Tsytovich V N 1976 Radiophysics and Quantum Electronics 19

=)}

Drummond W E 2004 Physics of Plasmas 11 552

Mikhailovskii A B 1980 Plasma Physics 22 133

Bergmana J, Eliassonb B 2001 Physics of Plasmas 8 1482
Schlickeiser R 2004 Physics of Plasmas 11 5532

Ji PY, Lu N, Zhu J 2009 Acta. Phys. Sin. 58 7473 (in
Chinese) [ M55 45 il 8L 12 2009 ¥4l 58 7473 ]
Hellberg M A, Mace R L 2002 Physics of Plasmas 9 1495
Achterberg A, Norman C A 1980 Astron. Astrophys. 89 353
Jones F C, Ellison D C 1991 Space Sci. Rev. 58 259

Hasegawa A, Mima K, Duong-van M 1985 Phys. Rev. Leit. 54
2608

Scholer M 1990 Geophys. Res. Lett. 17 1821

Kaplan S A 1976 Radiophysics and Quantum Electronics 19 592

[14]
[15]

[16]

[17]

055203- 4

582
Kaplan S A 1977 Astrophysics and Space Science 57 271
Kaplan S A, Tsytovich V N ( Translated by Zhang Z D, Li X Q)

1982 Plasma Astrophysics ( Beijing: Science Press ) ( in

Chinese) [ £ SFLAEH L, HIRK =R 1982 455
FARRAY IR (JLnt B ) ]

Silin V. P, Rukhadze A A 1961 Electromagnetic properties of
plasma and plasma-like media ( Moscow: Atomizdat ) ( in
Russian)

Li X Q 2004 Collapsing dynamics of plasmons ( Beijing: Chinese
Science and Technology Press) p43 (in Chinese) [ 250l 2004
SEEBOCYHE 3 12 (AU R b E R BOR WAL ) 26 43
]



4 32 % i Acta Phys. Sin.  Vol.60, No.5 (2011) 055203
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Abstract
Analytic and numerical study of electromagnetic oscillations of isotropic relativistic plasma with fast electron
distribution is presented. Different analytic formulas for the long-wavelength and short-wavelength branches are obtained.
The numerical study gives the dispersion curve in the whole wavenumber range. It is shown that analytical dispersion
curves in the long-wavelength and short-wavelength regions are coincident with the numerical ones. Furthermore, the
approximate expression of the dispersion law for the different parameters is given by fitting numerical curves with the

polynomial regression method, which provides a reference for further study.

Keywords; relativistic plasma, fast electron distribution, dispersion law, numerical calculation

PACS. 52.27. Ny, 11.55. Fv

* Project supported by the Program for International S&T Cooperation Program of China ( Grant No. 2009DFA02320) , the National Natural Science
Foundation of China( Grant No. 10963002) and the National Basic Research Program of China (973 Program) ( Grant No.2010CB635112).

T E-mail ; sqlgroup@ ncu. edu. cn

055203-5



