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Abstract

This study investigates the conversion mechanism and propagation characteristic of ordinary mode and extraordinary mode when
electron cyclotron wave propagates in plasma. The result shows that the fundamental reason for the conversion of O mode and X
mode is that the electric field polarization of the O mode and X mode of electromagnetic waves constantly changes with changes
in plasma density, magnetic field, and the angle between the wave and magnetic field. This leads to the complete transformation of
the O mode into the electric field polarization characteristics of the X mode near the cutoff layer, resulting in the so-called O-X
mode conversion. In addition, the O-X mode conversion of electromagnetic waves in non-uniform plasmas is a gradual process,
and electromagnetic waves can still propagate in X-mode after the cutoff layer. Therefore, the shielding effect of plasma on
electromagnetic waves is not universal.

Keywords: Electromagnetic Wave; Mode Conversion; Plasma

B iR R AR S F B TR P R ERY O-X =23\
iR

R—E1, EER

VIR, e e b s L3 AR A R S =, A 610065
il B FRT AR AR E TR B T AT RO )G R FH AKX M) B o (B AL TR K
W, $ROKE XK AR MW RATEZ, wakii sy O G XA oM AT % & TR B s U SOR 5 #37
AW ERAT RN, AT B O MREGEAH L Z oy BT U T 258N X RM b FRARAE, K&EPTE O-X ERX k.
WAk, EXHAEETHEF RN O-X AR — AR, BAERILEZUERARTRY U X EE. B, &
B R E R B RIE R R EE .
REER: wAp; EAE FHTHE

518

LA AR S0 S B AR P AR RIS, BERE AL O-X L. X T O-X MLl e, CA SR
T O-X MEAFHAIMEE, FReth TR AR MR 2 AR 03) (BRI B SRR B0 4 R A e e 1
R, H b AR SR s SR LR AR 3R R AL s th SO TRAR AT i

RICE ST T R AR AR 5058 B TR T AL RR B R I AR A, JF el T O-X U e r bl .
WEFTRIN N, T R REAE AR 5 55 B AR P AR SR A AR B B O B, R SR IF N, I RE
i E L SR TR BRI, S5O MRS B AT BRI R IR A S 1

-1-
www.ivypub.org/eea



1 O #2501 X =AY AR FFE

LA MLV S B AR P AR R, ARIEH ORI R W15

—B+VB?%2-4AC
24

N? = (1)

XA, A=S(in8)? + P(cosf)?, B =—LR(sin6)?> —SP(1+ (cosf)?), C=PLR, P=1-X, R=
P-Y)/(1=Y), L=(P+Y)/(1+Y), S=R+L)/2, X=wp?/w® Y =wp/w. wy~ wp~ w7 NEEH
TRAE . L [REAA  A%. N = cK /w, AW %, 5 R O, “ 58K
X 1. HREBAE S B AR TR R, &7 R B LB

E. XY .
o ol S— Ly

= —i = Te'Pyx 2
Ex (1-Y2)(1-N2)-X 2)
B _ _ NZsin6 cos = Sei®zx 3)
Ex 1-X—-N2(sin 8)2

Pyx~ PPNy [z I AN x R IAE 22
WRIEQ2) (330, FBEPAESE B TR AR IR, 2 TAT THE T3 IR el 1235 BT WE3 11l A 9t I
e, TAREIRR AL AT AR 22 e B AL 5 A TR AR AL IR & R ARHE(2) (3)2X, B LA A U7 1) 37 A 3X0A -

Ey = Egcos (Wt + @)
Ey = TEycos (Wt + @y) 4

E, = SEycos (wt + ¢,)
W TR FIHINE, . EyS UL BN S 4 el AL i T 2K
Ey = Ej, + Er = Ejcos (Wt + ¢;) + E;.cos (wt + ¢;)
{Ey = Ey, + Ey, = —E;sin (Wt + @) + E,sin (Wt + ¢,) ©)
H(4). S, AT HE AT TR AL it fe i 2 B T W37 0 2o e AR AL 1) FEL 3 Re B AN B T
T B A T [ B A L 37 RE R o e L BE BT B9 7 ) g -

SZ

fe, = 1+T2+52 (6)
_ 1+T2+2Tsin gyy
fe, = 2(1+T2+52) )

_ 1+T2-2Tsin @yx
fer = Seresy (®)

AR (1)-(8) 3T AFF BIORLAN XA (I A I AL (T LI e 8 o S FR I RE B LU B 5 48 2 AR 12 . Wi A
T 5 T3 ) S F1 O DR A

90 90
30 30
0 0

0.01 0.34 0.67 0.99 0.01 0.34 0.6

90
X=06 =%

0 01

- )
0 01 0.4
0 01

99 0

(a)f, (b) . (c)f
n l r
B 1 FRNFEFHREA—UEEFRT, ORNfe. fr fpBEE—HHEIAURBHIK SHIARE 0 FIEHKXR

-2-
www.ivypub.org/eea



M T RTEAE R, bR ANR 5 B TARE L . B MG SHES I A, O BRI ZeilAl . e fielsl A
e HTEEBACKI L BIA T o B, O BRAESEES TR PR ARi, IR 25 B TR ARk S
Wi IR A BIFEI . 58k, L SRR 90 FERE, O BERIRALTE AT TR &kiL, 5
WE%EZ%/BZ@E?@%%%?%HTXTO*%E’J%x B ME 2 ATLLESR], X BAESEE TR, migiiin

SGRE TR WA RGN SR R = AR KN, R L O B R 2%, Jidbh, HrR
/&Eﬁﬁéiﬁﬁ‘l%ﬁ%ﬁ 90 JEEI, X AL 32 3 B TR MR AL, 5 DAAE i i 3 BT RESA A FR I X X
PR RE B

90 90 90 1
— - \ [
X=04 <& Le & N‘ gg \J

0 0
0.001 0334 ., 0.667 1 0.001 0334 _  0.667 1 001 0334 0667 1
Y 4 08
0 90 g 9 > ‘
— 60 < 60 ‘ 60
0 0 %
0.001 0334 _  0.667 1 0.001 0334 0667 1 0.001 . 0.667 K 06
y y y )
% 90 | e ‘
= g E———
X208 = G = 30 o
0
o001 0334 0667 1 0.001 0334 |, 0.667 1 001 0334 0667 1 0.4
907 ‘ ) %
_ 60 & 60 0.3
0 0 0 0.2
0.001 0334 _ 0667 1 0.001 0334 _  0.667 1 0.001 0334 _ 0.667 1 -
y y %
2 2 .8 o
xr2s - S - I -
0 0 0
0.001 0.334 0667 1 0.001 0.334 0667 1 0.001 0334 0667 1 0

@f (b)f

(c) fE
B 2 TENFEFERIE—UEERGT, XRNf . fo fp A — AR BHEK SHARBONTUXR

2 O-X 5

HUY = 0.85, I He & MBI VAT T RS IOITST RN, = Y/ + 1), H()RATE O BRI X B EE
TR EN, . Ny = (a +jB) X c/o, HHFchIE, oM IMIME, om0 TERET, g
HLRE I P AR DR T PRI O R X REZE AL AE4 50 5 B - b (5 38 I T B 37 582 1 155 0 4 I 3 9o o

4

m O 18R fc/w i mmm O @AY ac/w
3.5 - 35 -
5 X 1889 8c/w X &8 ac/w
| 3 |-
2.5 25k
S 2 S
< X ?r
ﬁ 1.5 g 15-
1 1+
05 «“\\— o r
s 0 [ — ‘
-0.5 : : ; : : 0.5 : : . : :
0 0.2 04 , 06 0.8 1 0 0.2 04 y 06 0.8 1

(@) (b)
3 AR AFE FAPOE. XRA LB

MR R, (ERGACARI 2S5 @ R rh, A7AE5E P RT L RE A AR S, BIOREANXAR . ORLAEX<I [ IX 42
T UMESR, FEX=1 408005, 7EX> 1A DXCIORIE 2 08 . XBAEX<1 A DXSRAFAE A — NS IX 38, KHEFE(0.08-0.28),
FETE IR X IR i, AP IX I AR 73 XS] LLTC A% 4k, I HONMEEX=0.08 b4k 1k 34, (HASTE
B, FEXS L DX A XA 3T 36 SR A AE P A H B S, R — 2R R XA AR, T — 2602
T ORI 3 T BRI X AR . F TORSE 5 XA Hy e I AL R sORIEAT RAE R, BTBL, O 1 i iR et L

-3-
www.ivypub.org/eea



B, BCSEB3MEZM, wTRLH(6)-(8) S IO AMXAL K it A, WE4fR. rTEURIL, OfL S5 X H
DAL R XTI ARAC AT AZ AL, B2 X=11 O 5 X B gl A e e Al . IX U], W RS — 40
e, Mo, FEX=1AbE7E A NXE,  X5E3MER

1 T T 1 T T 1

e
— () &
0.9 K 0.9 b 0.9+ E .
—X1&
0.8 A 0.8 - 0.8 4
0.7 1 0.7 1 07k
i
0.6 A 0.6 - 0.6
T oos 1 W& oos 1 W& osf
0.4 - 0.4 - 0.4k
——
03 1 03 1 03
0.2 - 0.2 - 0.2r
0.1 1 0.1 1 01
0 . . 0 : . o
0 0.5 1 0 05 1 0

of

CAaF

_
[2)

©

B 4.0 R X 8ISy« fon fr BEEREROTEAL

Ik, BAROMAEX>TH XN A RefEdk, (B2, ORERTLAAZ AR K3 X1 X4k A T T — 2% th iR R XA
ORELAERE, KAEO-XHEAF .

3 g

FEE B35 B T b (0 R, JLOMRE XA £l LRI 1) P I A M REEATSRALE I, FLOME BIXAR 1 L 3 B
W2 SR T IREE L W37 VA S VL 55 T 37 4 % A A5 R BB 2

O MRLAESS B T AL 1 FLil 2 — e SRR, BB R AE O-X BB IR Ll X BB Lk, B, 55
TR FL R LA B E L B S5 R I AR G

B2 3R

[1]  Weitzner H, Batchelor D B. Conversion between cold plasma modes in an inhomogeneous plasma[J]. Phys. Fluids, 1979, 22:
1355-1358

[2] F R Hansen, J P Lynov. Full-wave calculations of the O-X mode conversion process[J]. J. Plasma Phys, 1988, 39: 319-337

[3] F R Hansen, J P Lynov, P Michelse. The O-X-B mode conversion scheme for ECRH of a high-density Tokamak plasma[J].
Plasma Phys. Control. Fusion, 1985, 27: 1077-1100

[4] R. Prater. Heating and current drive by electron cyclotron waves[J]. Phys. Plasmas, 2004, 11: 2349-2376

[fE& /]
Vie—% (1991, %, Wik, Wit e (1954, B, UK, Wt B0, RERRSET
TR S TR . PEYIEL S I L R R AR B
Email: 1260070159@qq.com Email: 963740404(@qq.com
-4 -

www.ivypub.org/eea



	1  O模和X模的电场极化特征
	2  O-X模式转换

