B e R 5 TR

Science Technology and Engineering

Vol. 11
© 2011

No. 18  June 2011
Sci. Tech. Engng.

H11 % 184 201146 A
1671—1815(2011)18-4123-05

Z&

IR =

FRL D 483 5255 B - 0 S s BT 5

R M EARE' B K
(PEAE TP IR B i Sh AL M R SR TR S 2, TG 22 710072 5 KL TR SFHA S IR 22, Ki% 116024)

i B HAREEETRHEEAREETRRAEARANKXBEAR, CEZRGENNWELER LT 0. KA BBAR
ZREBENT OB K EENIFETERT N R, RA SRR EMNET CHBRBmEAEENGTFH FET R
ABAMTEBTERIANEREN G B H ., HAREREN, FHTFET RN THE T E TR b ah R BN E N
R, AT E TR AT A B T B A e R R

Kuki EwFAE wmEE O RHEE
bk RS 0539; SCERFR RS A

EERTAL R B R R NG e S T R NV
Yo, D e ek o =5 2 07 FH R o 0 o 4 8 AR Y
TR , 76 AT B B M s RAR BT HA A
R BRGS0 R el A
257 Sl — AR ) [ B0, GnfE MR 48 30 1 R 45
) FELHE T 4 W %) 45 B8 T AR U 1T BB XA R #% 5
b TR A A SR TR AT S L RAT AR A KRR
R PRE 8 7 L (0 2 B AR TR S 458

Ginzburg F1l Budden ¥ T 4F Jfy o % I 77 55 55 7
TR BRI ST 2558 7 BEE LA, Vidmar  Larous-
si 2 R FHUAAT G230 Uk AT B ok i T A
BELAA) T 2% B 43 A 1 1Y) A6 5 A0 | I8 ) s
BORi WEAESR, BT FDTD (948 FEUE )7 I IR
TR, S AL B A R P A NAE X T T
TP T R TR

AR SCHENT T AR ¥ A A B AR R R D 1) O

2011 4F3 A 14 HE®] R LR B2 A4 (20100471633 ) ¥ D)
A T BRI (1982—) , B3, ZRIIE AR N, )5, BF 5207
1) < L R0 5 45 B TR A ELAE o

B IR 2= 2 %

RN AR R B % FDTD J5 k3158 T ¥ 2 FidR 2
SRR TR OL T LR B B T R R e T
S5 B A AT N TE IR BRI , IR 25 18] 3 4
PN T R 55 B AR ) 2% (MPT) B 5585 1
PRI (4 ~8) GHz BRI (4 S IS8T, X KB A
TIHEAT T 3Rk

1 BPREON el 58

1.1 s
AL A5 B AR R AR I Sy A% 1 [ A L A il i
SEBTTUR, R TR AT AN R 5 R A
RS AT
H

HINAHITRE Y xE = —p o

oE -
\Y% XﬁZSO E+J;
LTI Y (D] =l (DE+5 V).

TR S B 1 MR A 8 T 23 A1 20 MR 2 A
FARI S o0 A P b . SE50 = AR i 45 TR 2 —
PRS2 oA, ARSI B T S50 55 B TR R L T


Please contact to Foxit Software for the licensed copy.

Web Site:
www.FoxitSoftware.com

Sales and Information:
Sales@FoxitSoftware.com

Techincal Support:
Support@FoxitSoftware.com


4124 Mo oA

5 I & 11 %

WOR B A, K FL o3 A (30 i 2 AR D 1 S K,
S I A5 R UL 1

4 B
3.5 o SROMR
) pe ok 11‘
i ™
(R SV e
= 1spt A
{ 'y
1
0.5
[()] S I I SN ST S
0 80 160 240 320 400 480

x/mm

K1 ARS8 TR B A

R, 8 FHRMAMR o = [ ne/
(m.e) 1", St BE G 45 R AT S R f = w27 =
9000 /n,,3XH n, 8NN em ™, 44 RE S E TR
R RA] B A5 B R B TR R R T AR
PEARTE x LB AR AN R = 1201gE (x) /E, |, 2t
E(x) R x Ab B8 B R, £, S ASTE TR )%
Yyt R A
1.2 XWHRS

SR 23 [ 37 S e vkt O e O A A
T R, S A B A R O R R R A
frr A R R PO R H B SR T A
FE R SEge, 2% o T A& R
B G T a R RS RE R, EL T HFE IR
SR IS AU R S WO 3R (8] 1 48 43 BT A, XoF
LU & S BRI A5 RN ORI %) R R 0 A5 5 R
AT LIS Y H R D A A B R DX R 0 R B, 5K
I RGWE 2 PR

B Aﬁwzﬁ% SRR RS

&y
@ %@%ﬁg
B

SO ,, o SR
_ Tﬁﬁa‘?ﬁ% :

P2 HTE IR A S S A DN S 9 R G A

e ESEd
| A

2 g5

2.1 HMHEBFELIHRITEER

K 3 25 THRER N 4 GHz (s RE I 7R 1 5) 45 5
AR SR, 33X AR R A &) A B AR Y R
n,=2.3 x10" m ™ SySig s R T R A
B TR DX 5 S 0 7 5 R DX B — B
5 480 mm,

Ir

0.5F

B3 eGSR ARk
0.03¢
0.02}

0.01

JIA
o

-0.01F

-0.02}

— ’2:
0.03]

0T 02 03 04 05
x/m

K4 s L

H I 3 AT UL, 45 B R X BRI 5 5 A B W
M EEWEN , 4 GHz [ LRI A5 52 29 0.5 m 5%
JEE S B ) LA T P XU, S I R A NS dB,
NI A SR B OO AT 240

Pl 4 by 45 B R v v 1 L I R Y O3 A, G
U ik 45 B AL R I, LR U A e T
AL 2 FORL T, L U T SRR S5 B TR Il
HLREG I BE R IR0 . W T35 55 B 0K, s I A
W I A S5 AR ) R i e, 5 8 IR i


Please contact to Foxit Software for the licensed copy.

Web Site:
www.FoxitSoftware.com

Sales and Information:
Sales@FoxitSoftware.com

Techincal Support:
Support@FoxitSoftware.com


18 1] WRISEAR, &5 - FURE A AR 29 50 55 B 1R T R S D R AT 5 4125

M RE Rt d K, i 7 FL JRAE A AR fe R, IR BB
FEL 904 R B Y R D T /)N o

SR TR (RNAE B TR ) 5 B T
BRI L 0 D52 00 250 X 5 288 L A 9 2 O T 11
YRR, 1B S5 (a) —81 5 (e) 5090 9 55 1 TR MR £, 5%
TR AR f, A0 P IR AR 0o S Uk AR K

B
5 nﬁ o

(I S S S ST 107
J/GHz f/GHz
(2) BES B TR MAEAL  (b) BB IR BT 3R A A 4
25F
a —= /=1 GHz
20 ——/=2 GHz
m 15F
<
RS 10F
s
P Ay .

1234567859
z
(o) I HL T BRI R Y2 A

IR 2 ES (RN R U TE N
A BT AR RIEREAR | FURE DR 9 A2 Al

Pl 5 (a) g FRLRGIBER R 6 GHz, 26 85 5Vl fi
PR N 10 GHz I, 38 ol 28 Bl 25 B 1 M AR 119 72
A, v AT DL B 5 1 AR 8 T e, S D AR R
AT AN O, R 25 8 1 AR i By, x vl i D
AR ST 5 P S () Dy FLRE D% O 6 GHz,
WL A5 S ARy 2 GHz e, S 08 3R BB 4 45
ARG AR A2 AL,y P A] UL, B A5 S T Rl
SRR AR, 30 TR F 90 1 S el AR R S K
BN R B TS (o) D AF B TR SRR f, 235k
1 GHzA1 2 GHz I, 3 i 25 K506 FiL i 03 1) A2 4k
KA, WP AT UL, Fifi 25 108 TH A 1% 0003 By 3 sy, LA
ML P P 38 802 i D DA g A0 4% S L D
SRR TR R TR, e Ab, 2 5 1 AOR
N2 GHz If B 32 I 3R KL, 20 0 55 8 T IR R

1 GHzf) 2 ~3 A, 518 5 (a) FIZARAATT
2.2 FHHEBFERIHBITHELER

6 S AR 2 50 45 1 A v HL T L IR R Y
i o S EETRATR B2, i1 L U A R AR
REDN DL BN, W54 o 07 1) oS BEA 3 — G
SRR /N i B o B 15 B0 A D PR i HL
N VA AR LS A @ L S T
L RE LA ; Bl 55 B TR i Bl 2 v, H
T RLIZ I K, B S T R R D RE A S0,
¥ FELIA DA FEL T T R W A fE Bt AR D SO T
TAESE I B B KA OB s/ o

XTGP 4 AP 6l 250 45 PO L
AE L PR TIOR8 i s il ) o e, A L 0 i
{UB=3 18 0/ e ok W N = S R RN U PR ] G Bl
T A 249 50 28 1 5 AR R i 5 A i A IR AT e T
RATEE RN B TR X3

0.03
0.02
0.01f
— [
a [l
SEN|
z 0
X
-0.01
-0.02
_ AN BT R R A |
0'030 0.1 0.2 0.3 0.4 0.5
x/m
16 HL+HL 2 AR Ak
8
X
N\
6F O\ —e— 44
5;_ l\\':.v\‘ —— 5
F Ty
fa) F &1‘:\\\
§ 4 .
E "e—e o
2F
1
(1)= | IS [T |
3 4 /IGHz 8

BT 3 R Rt Pl e =R 1) A2 A


Please contact to Foxit Software for the licensed copy.

Web Site:
www.FoxitSoftware.com

Sales and Information:
Sales@FoxitSoftware.com

Techincal Support:
Support@FoxitSoftware.com


4126 B2 AR

5 I & 11 %

¥R TR X —4E, G i A E i A5
B PR DI, 55 56 B2 TR A 43 R M 38 il [ 7
B SIAE ETRANAR Y A S5 TR PR LT, 52
i 2R K BE R RO AR A A, e 1T 7 R B R
WA FIHE K, FE IR Z8 O W a1, RV R 3 g 4% 55
B PR IBEIAL X ER AT e TR R % 904 140 52 i 5 Jel 210, o
e WU T R (9 B2 IR /N o b, AL 7 1] A
LA H AR 50 A5 B 1 AN L R Y T IR B
1 TS B TR
2.3 ZHWMELER

SR FH 225 ) 125 S5 90 3k 0 P D0 A 2 B T AR R
LI o SIS RN IR B C B L ik
P, ARy 4 GHz ~ 8 GHz, 525 v 43 531 R H
4 GHz ~6 GHz .6 GHz ~8 GHz P&\ KLk 317
15 S Hh A B T PRI L T RO B A UL 1
TR A 25 A TIAL P A Sl 2R X 4] 8 e,
P 8 (a) I 8(b) 7351 PHE WL 1 I 45

. 2 f\jf
JNAAR
V.

4 v.

g 45 5 55 6
f10°Hz

(a) f=(4-6) GHz

_10 : el 1 1 1 J
6 6.5 7 7.3 8
£110°Hz

(a) /=(6-8) GHz

K8 SEHei i 2R

H1 & 8 Y Sl v] LA Y, SO0 45 B TR
Xt C B e TR R T8 AT 3 A A0 P SR DA B, T Dk
FHCN (3—10) dB, HHRLR 5 SR I 45 R AR

WSCHFFE T E 159 45 85 1A X F i D8 174 5 i
BONE, 430 T 5 1 50 A B - R TE W AT R T U8 e
PE R DX, AR S I T A B TR KR
A AR R P A5 B AN LR D A B R B A5
FE5BWF

(1) Ul 2R BE 5 PR R U0 A5 O3 1 1 R
VI Bt A5 S T A 6 1 T e T LR M R B
PR RN R R N ob: N =8 R4 ]
G

(2) B350 % B F IR H 0 ) S U8 R A 3
SRS UN T

(3) AL EE IR e M F B R AT
TR B B 1A 18 P 38 DX 3, 17 /N 2 P 30 0 A 55
TR A XS

(4) SEEINAS AR 55 8 TR R A= e A i 4
BT FEL R TR 1 DBUBCR B S, % C i B LR
HIBEIR 2B R (3 ~10) dB, SCu i 45 1 51154
iR —2.

& % x #

U PhEHE, 2R B, BRI, 45, WL mg i S I A 25 8 1 IR B AR LA
H. B 55 B T8, 2002;22(3) : 135—138

2 HRTLL EHOAR. HMFNHURE - AR EOR. RS
LT 31 ,2006536(5) « 44—46

30 BUAEAE, BARIE, BRSEAR. FLE D) SR 4 B T AR 6 K 3 T
LR D A5 5 28 9 A . R OL 5 OB TR, 2010522 (6)
1270—1274

4 Noriyoshi O,Haruki T. Interaction between plasma plume of electric
propulsion and spacecraft communication. 26th International Electric
Propulsion Conference. Kitakyushu ;1999

5 Korsun A G,Tverdokhlebova E M. The characteristics of the EP ex-
haust plume in space. 33rd Joint Propulsion Conference and Exhibit,

Seattle, WA , July 6—9,1997


Please contact to Foxit Software for the licensed copy.

Web Site:
www.FoxitSoftware.com

Sales and Information:
Sales@FoxitSoftware.com

Techincal Support:
Support@FoxitSoftware.com


18 1

WRISEAR, &5 - FURE A AR 29 50 55 B 1R T R S D R AT 5

4127

Hallock G A, Austin W, James C. Development and application of the

New York: Pergammon Press,1970

BeamServer code for plume impact analysis on satellite communica- 10 Vidmar R J. Electromagnetic wave propagation in unmagnetized
tion. 37th Joint Propulsion Conference and ExhibitSalt Lake City,UT, plasma. AD-A250710,1992

July 8—11,2001 11 Liu S B,Mo J J,Yuan N C. FDTD simulation of electromagnetic re-
Kuninaka H, Nishiyama K, Funaki I,et al. Assessment of plasma in- flection of conductive plane covered with inhomogeneous time var-
teractions and flight status of the HAYABUSA asteroid explorer pro- ying plasma. International Journal of Infrared and Millimeter
pelled by microwave discharge ion engines. IEEE Transactions on Waves, 2002;23(8) :1179—1191

Plasma Science,2006;34(5) : 2125—2132 12 FERISC,RTTE X 58 PR R SRR, J0a: B2 R
Khayms V,Werthman L, Kannenberg K, et al. Status of hall thruster *1,2005

integration activities at lockheed martin space systems company. 39th 13 TGS, ATE . MRS E TR AR B, BiERERE AR
Joint Propulsion Conference and Exhibit, Huntsville, Alabama July H R AL, 1982

20—23,2003 14 2R UK. SRR ARG AR EIBE Y. P9 AL Tk R

Ginzberg V L. The propagation of electromagnetic waves in plasma.

2006

Attenuation Effects of Electromagnetic Wave in Non-uniform Plasma

CHEN Mao-lin' ,MAO Gen-wang' ,XIA Guang-qing’
(National Key Laboratory of Combustion, Flow and Thermo-structure , Northwestern Polytechnical University' , Xi’an 710072, P. R. China;
School of Aeronautics and Astronautics , Dalian University of Technology® , Dalian 116024, P. R. China)

[ Abstract] Interaction between electromagnetic wave and plasma is the key of plasma stealth technique , and one
of the important direction of aerospace information confrontation. The attenuation effect of electromagnetic wave in
non-uniform plasma was simulated with the FDTD method , and the attenuation coefficient of C-band electromagnetic
wave in a non-uniform plasma was diagnosed with the space transmission method. Then influences of plasma distri-
bution to the attenuation effect were analyzed. Research results show that non-uniform plasma has a more obvious
attenuation effect than uniform plasma,and a reasonable plasma distribution can improve this attenuation effect.

[ Key words] plasma electromagnetic wave attenuation effect FDTD
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