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Fig. 1. The effect of dust radius on incoherent scatter spectra: (a) Dust resonance region; (b) ion resonance region.
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Fig. 2. The effect of dust temperature on incoherent scatter spectra: (a) Dust resonance region; (b) ion resonance region.
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Fig. 3. The effect of dust density on incoherent scatter spectra: (a) Dust resonance region; (b) ion resonance region.

M AR XS L T EALRIOR R, R AR 1%?*%%"‘@’%%*"“%”%? MABEEE i, X
BARIX, AR P AL 5 8T X8 1 21 i EEP. EAER TR, B8RRI 5
LI SEA SN, 29 BERAR (57 &) 18 JCRIE S F% %TH — 7 T AR R AEAZ X (8] AN P 4% A
1%, W TEAR A, Bl L vy, W LA A K, X4 =7, lE VAR BEEEHIN R, HAathE i

049401-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 66, No. 4 (2017) 049401

T8, T A 05 3 W B 25 1 0 7 3 i S £,
SRR AR R E BRI, B 2 I A 2 BRI K
WURFAIE (AL 5 B T3 FEE A OR); 79— T,
2 1 PO I o A R AR B R R TRCRR K
RAZ il 1B 1, (45 HLXT S 1 4R I S AR O B
AR Ll 2 R R Wi () B 1 R AN (7] 2 B2 A T AS

B ARIRI R T AT LUK, AR RS T B R R
KT Ja#, BB, 51 LRI R A1
R ARAL, IXEERE i RGP — 7 T A
o R AR T B GIN, T DA R 2,
FFFRATT AT LASE 5y 3 000 280 757 15 4 £ AR T 1
SELR; S —J7 M, i AR A R A
JE B 2 e, AR 2 T AR SRR AR T R 2
VAR AR ST (10 S8 5 15 Te A R0 S M s 5
THRRMKRSE, &S EER ERRE,
TXAE A F AR T UM TR BT R I A2 R 55 8 1 R R
DRI, WA AH EL 5 8.

4 % #®

FEAR T HUN I8 — B2 ROy B 2 E &
TR T R T B, BT B AR ] R
M R 2R R R R (A IX R R R (Bl
PMSE 7), 7ty o AR 85 08 JE AH - B 3% 1 5Tk ay LA
SEARNG, BRI —ER MBS B TR AR T
RO . 7 [ AR T R e, HEREFIIRBE T LLIE
KR ) Al O5 9K ZANROK 2 ) A2 e ks, HLHR
Je T RS I e i FEL B A T R R Y L, X
B A5 R AR R TR AR A R Rl
PAVEIE T ARG BT AR T B B8, DA
KT A S5 e AR IR A TR I AR A T U
EREATHER RS, SOrh e TR SR TV T
IR AR IRAE BT ARAEA T RS T A S, OF
XS T U R DR 2B 5 IR X PR AR A 1 IO 1 2 it
A7 TS, WHg T AR BRRLAR | iR R R X T £ 4
EJRAISANE, ARAT T 2 B URE R M AR AR T RO [
EMISEA VB AR. RUE ak, AE R — ki
182 HORAMIE AR 5 B 1 AR K AR AR T B 4 1k 2
ARG, 75 RS SEBR 1 AR BRRL 1 RS 730 A RFAIL,

RSB AOTG BUR, IF 5 IRB0 AT RS LR BRAT T
BT SR T

&2k

[1] Gordon W E 1958 Proc. IRE 46 1824
[2] Fejer J A 1960 Can. J. Phys. 38 1114
[3] Dougherty J P, Farley D T 1960 Proc. Roy. Soc. London

A 25979

[4] Dougherty J P, Farley D T 1963 J. Geophys. Res. 68
5473

[5] Dougherty J P, Farley D T 1966 J. Geophys. Res. T1
4091

[6] Salpeter E E 1960 Phys. Rev. 120 1528

[7] Salpeter E E 1961 Phys. Rev. 122 1663

Evans J V 1969 Proc. IEEE 57 496

Sheflield J 1975 Plasma Scattering of Electromagnetic

Radiation (New York: Academic Press) pp113-128

[11] Raman R S, St-Maurice J P, Ong R S B 1981 J. Geo-
phys. Res. 86 4751

] Hubert D, Lathuillere C 1989 J. Geophys. Res. 94 3653

3] Suvanto K 1988 Radio Sci. 23 989

|

|

]
]
[8] Hagfors T 1961 J. Geophys. Res. 66 1699
]
]

Suvanto K 1990 Plan. Space Sci. 38 903

Gurevich A V 1978 Nonlinear Phenomena in the Iono-

sphere (Berlin: Springer-Verlag) pp58-82

[16] Xu B, Wu Z S, Wu J, Xue K 2009 Acta Phys. Sin. 58
736 (in Chinese) [#&#, RIRFK, RA{E, #7E 2009 PPRL2EAR
58 736]

[17] XuB, WuZ S, Wu J, Xue K 2009 Sci. China E 52 1112

[18] Gurevich A V, Hagfors T, Carlson H, Lukyanov A V,
Zybin K P 1998 Phy. Lett. A 246 335

[19] Gustavsson B 2005 Ann. Geophys. 23 1747

[20] Mishin E, Carlson H C, Hagfors T 2000 Geophys. Res.
Lett. 2'7 2857

[21] Xu B, Wang Z G, Xue K, Wu J, Wu Z S, Wu J, Yan Y
B 2010 J. Atmos. Sol. Terr. Phys. T2 492

[22] Shi Y X 2008 Ph. D. Dissertation (Xi’an: Xidian Uni-
versity) (in Chinese) [41fEFE 2008 1 o 2% 0 i 5 (4 %:
P22l TR R )

(23] Li H, Wu J, Zhou Z X, Yuan C X 2016 Phys. Plasma
23 073702

[24] Li H, Wu J, Zhou Z X, Yuan C X, Jia J S 2016 Phys.
Plasma 23 073301

[25] Li H, Wu J, Zhou Z X, Yuan C X 2016 Phys. Lett. A
380 2540

[26] Li H, Wu J, Zhou Z X 2016 Ann. Geophys. 34 117

[27] Rapp M, Liibken F J 2004 A¢tmos. Chem. Phys. 4 2601

049401-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1109/JRPROC.1958.286852
http://dx.doi.org/10.1139/p60-119
http://dx.doi.org/10.1098/rspa.1960.0212
http://dx.doi.org/10.1098/rspa.1960.0212
http://dx.doi.org/10.1029/JZ068i019p05473
http://dx.doi.org/10.1029/JZ068i019p05473
http://dx.doi.org/10.1029/JZ071i017p04091
http://dx.doi.org/10.1029/JZ071i017p04091
http://dx.doi.org/10.1103/PhysRev.120.1528
http://dx.doi.org/10.1103/PhysRev.122.1663
http://dx.doi.org/10.1029/JZ066i006p01699
http://dx.doi.org/10.1109/PROC.1969.7005
http://dx.doi.org/10.1029/JA086iA06p04751
http://dx.doi.org/10.1029/JA086iA06p04751
http://dx.doi.org/10.1029/JA094iA04p03653
http://dx.doi.org/10.1029/RS023i006p00989
http://dx.doi.org/10.1016/0032-0633(90)90057-W
http://dx.doi.org/10.1007/s11431-008-0349-5
http://dx.doi.org/10.1016/S0375-9601(98)00422-8
http://dx.doi.org/10.5194/angeo-23-1747-2005
http://dx.doi.org/10.1029/2000GL000075
http://dx.doi.org/10.1029/2000GL000075
http://dx.doi.org/10.1016/j.jastp.2010.01.006
http://dx.doi.org/10.1063/1.4956446
http://dx.doi.org/10.1063/1.4956446
http://dx.doi.org/10.1063/1.4956457
http://dx.doi.org/10.1063/1.4956457
http://dx.doi.org/10.1016/j.physleta.2016.05.046
http://dx.doi.org/10.1016/j.physleta.2016.05.046
http://dx.doi.org/10.5194/angeo-34-117-2016
http://dx.doi.org/10.5194/acp-4-2601-2004

32 % R  Acta Phys. Sin. Vol. 66, No. 4 (2017) 049401

Study on incoherent scatter theory of high density dusty
plasma*

Xu Bin? Li HuiY? Wang Zhan-GeY" Xu Zheng-Wen! Wu Jian"

1) (National Key Laboratory of Electromagnetic Environment, China Research Institute of Radio Wave Propagation,
Qingdao 266107, China)
2) (Department of Physics, Harbin Institute of Technology, Harbin 150001, China)

( Received 23 September 2016; revised manuscript received 28 October 2016 )

Abstract

Incoherent scatter radar is one of the most important detection instruments of the space plasma. But because of
the low dust density in natural space plasma, the contribution of charged dust to incoherent scatter spectrum can be
completely ignored, therefore the incoherent scattering theory has not appeared in dusty plasma. In the solid rocket
plume, the propellant combustion can form a large number of nanometer- and micronmeter-sized dusty particles, and
produce a high electron density from high temperature ionization, which makes considerable contributionto charged
dusty particles with the high density. Therefore, we develop the incoherent scattering theory of dusty plasma in order
to calculate the scattering characteristics of high density dusty plasma produced by rocket plume, for example. The
theoretical model including electrons, ions and dusty particles is established by combining effects of charged dusty
particles. The incoherent scatter spectral lines of ion resonance region and dust resonance regionare calculated. The
effects of dusty particle radius, temperature and density on spectral line structure are discussed. With the increases of
dusty particle radius and density, the amplitude of power spectrum increases. With the increase of dust temperature,
the amplitude of power spectrum decreases. In the dust resonance region, the control mechanism of dust in spectrum is
similar to that of the ions. With the increase of particle size (mass) and decrease of the temperature, the spectrum width
narrows, and amplitude and area increase with the increase of density. But in the ion resonance region, the dust control
mechanism is completely different, and the influence of the dust on ion line is in the way of attracting ions. So with the
increase of dust density, ion line characteristics do not show that the area increases, and dust controls ions by adjusting
the Debye radius or electrostatic shielding ball size. By comparing the ion lines with and without dust under the same
parameters conditions, the amplitude of the ion line with dust is much larger than that without dust, and the resonance
frequency of the ion line is greatly changed. With the dust particles of a relatively high density, one can enhance the ion
line, hence the incoherent scattering phenomenon can be more easily observed in rocket plume. On the other hand, due
to significant changes of frequency and amplitude in the ion line spectrum, the incoherent scattering inversion method
based on the traditional theory will cause a large error in the inversion parameter, even a failure of parameter retrieval.
The incoherent scattering theory and relevant physical laws of dusty plasma are presented, which are of great significance

for establishing the incoherent scattering theory system and studying the rocket plume parameters.
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