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Fig. 2. Photo of the plasma protection array.
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Fig. 3. Changes of the mean electron density under various stresses while the initial electron density is set as
1.0 x 108 m™3: (a) Eg = 0; (b) Ep = 0.7 x 10* V/m; (c) Eg = 1.4 x 10* V/m; (d) Eo = 2.1 x 10* V/m.
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Fig. 4. Changes of the mean electron density under various stresses while the initial electron density is set as
1.0 x 102 m~3: (a) Ep = 0; (b) Ep = 0.7 x 10* V/m; (c) Ep = 1.4 x 10* V/m; (d) Eo = 2.1 x 10* V/m.
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Fig. 5. (color online) Distribution of electric field intensity on the physical model at different moments while the
initial electron density is set as 1.0 x 10'2 m~3 and the incident strength 2.1 x 10* V/m: (a) t = 1.0 x 10710 s;

(b) t =0.01 s.
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Fig. 6. (color online) Distribution of electron density inside the plasma while the initial electron density is set as
1.0 x 10" m~3 and the incident strength 1.4 x 10* V/m: (a) t = 0.004s; (b) ¢t = 0.00617 s; (c) t = 0.00618 s;

(d) t =0.00621 s; (e) t = 0.00624 s; (f) t = 0.01 s.
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density is set as 1.0 x 10’2 m~3 and the incident strength 1.4 x 10* V/m: (a) t = 0.004 s, 0.00617 s, 0.00618 s;

(b) t = 0.00621 s, 0.00624 s, 0.01 s.

TE S A RS A T, 8 B AR DX IS 5
FEE % 1 AR A R o« D R A4 i3t 9 11 288 s 17
A, HoL AL B AE S B TR G R R AL E (A
Kl 7 (a) AT AR HARME S AE y = —0.004——0.003 m
WAL E). B A SN0 LRG0 RF SRR, 55 A
P FRIAIE F5 s IR, P SO a2k 1 PP 4 s A
IR, MR IR, BT A R AR T R,
PNCER DA R R Eo Sl R VA - L (RS EAS T
MBI 7 (a) FAT LB Hi t = 0.00618 s I ZI W18 5 5%
FEly = —0.0075 m A7 B, WA AERRE. B
55 H SR 77 AR R A A AL B TR AR )L

RUSLF= AR Ji 45 B T FL 0 A R AR B AR AR
b, JRIGAE Ab A 4k S8 RN 46 e, 1 7E JR AR AR 5%
FEEE AR RO FRAL (y = 0.008 m Ab) BT % i
Traa3E N, I+ 5., a5 HRGT I a3 n, SR A8 A B
H, -85 P55 SR VAT AR, BT A A o B 32 T 1 K 3 B
KAH, F HJE DX 3 F 285 8 2 38 ) 3 e
FEE 7 (b) it = 0.00621 s F10.0064 s e ()25 £k i
2. BRI S, S5 B TR DX T R R AN
e, e, JE T EEARE T Ok, B R A B A
HMRFE (B2 2 y = 0.0055 m Ab), 25557 X 3 &
T LUBARAE O DY JE LT FE AR R BRI 2 v

195202-6


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 19 (2017) 195202

FEA X SR AN ) SR N FRATTUCHTE T 5 5 Tk
XoF N SR RV R SORT B SR . DA It ), el P
HL S PR AR, S AT R I D e o L
WA 32, R AL P HEL G i PR 4R v P R I
HAAWBER RN RE. AT, &8k X
$ T EERE T AR B G It R — 2 A X sk
T RLRE REBA BE, 7EIX —BA BRSSP S0 kL
Tt TR, kR, B RES,
Bt 55 YA 0 PR 8 s I 7 AR 2 A R R A R R
TFrEAE, W 51 KBS B, AR R X 3 2
K, S NS B R A O, PR A T I R R R
[, AT Akl R, R ER, HE R X
(y = —0.0075 m) L TFHEEIF IR T IG A BT % E,
S B TR NG I 0 R SR T AR . Bl A X
— X3 R R NS R 4 B R
5, JE HNSHB AR R R B I, 7E y = 0.008 m
BV BE 5 Jo e N /4 A R IR O 0 % DX SR R
(R e B, KR AE YRR e A, TR
FE 25 2RI R, R BOARAE AR Oy, T SR 0 23 e
TN SR AT R 0 T I JE VR SR AT R 8 2 I 4R KR
B B T 12 2 55

5 % W

R JH A B AR AT AT 12, ST AR BT
PR R B U7 R W ERAR - B R AT R A
HITRE, BEIL T ARG N S TR S
SRR R VO A D Tsle SO U YN & X S K E I3
BL, W96 T AN R S RN R, (H
SR AR K R /NI TR, RD0G B RO, R RN
A R o /NN TR SR, NSRS LR D) R R E A AL
VA PReE SN B7/LY o NI  R N a 7 de
R RN Ty A A A SR A SR I O B SR AL
JS2, RIS [E) A AS 2 SR 45 8 A1 17, AR R
RS G A 2= A AN T N AT LE, 5%

B R 2 A, WA RO AE R A
T DR O S B T AT N RR, AR T RN AR
RE A, S5 87 1A PN B H T P A AR AL AR H R, T
HOR LR 2R 0. T RN A 5, NS R BGRAS
REFESE B T AR 4k, 6B 7RI RIFI s D&
T B4 P R

S

[1] Yu S L 2014 J. Microeaves S2 147 (in Chinese) [#1HH
2014 R S2 147)

[2] Lin M, Xu H J, Wei X L, Liang H 2015 Acta Phys. Sin.
64 055201 (in Chinese) [#f, #&¥5%, 20/, R4 2015
YIFLEAR 64 055201]

[3] Song W, Shao H, Zhang Z Q, Huang H J 2014 Acta
Phys. Sin. 63 064101 (in Chinese) [#KH:, AR, KIGH,
FHZ 2014 )P4 63 064101]

[4] Krlin P P, Panek R, et al. 2002 Plasma Phys. Control.
Fusion 44 159

[5] Kikel A, Altgilbers L, Merritt I, et al. 1998 ATAA 98
2564

[6] He Y W 2005 Chin. J. Radio Sci. 20 392 (in Chinese)
(AT SC 2005 HLERFF 24 20 392

[7] Yang G, An B L, Xue J S 2009 J. Microeaves 25 74 (in
Chinese) [#lk, 25, BE5E 2009 TRk 25 74]

[8] Yang G, Tan J C, Sheng D Y, Yang Y C 2008 High
Power Laser and Particle Beams 20 439 (in Chinese)
(Flik, WEF, BE, Bm)Il 2008 5BE0OE 5K TR 20
439]

[9] Yang G, Tan J C, Sheng D Y, Yang Y C 2008 Nuclear
Fusion Plasma Phys. 28 90 (in Chinese) [#lk, ## %,
REEAL, BRI 2008 I RAL 556 B AR 28 90]

(10] Shu N, Zhang H, Li G Y 2010 Radio Engineer. 40 55
(in Chinese) [#7#f, 7K/E, Z=EiF 2010 T H L 40 55]

[11] Yuan Z C, Shi J M 2014 Acta Phys. Sin. 63 095202 (in
Chinese) [0, B K 2014 WFL¥4R 63 095202

[12] Liu Y, Cheng L, Wang J C, Wang Q C 2016 Chin. J.
Luminescence 37 1293 (in Chinese) [XI7F, F837, HHT,
FEH 2016 KGR 37 1293]

[13] Hagelaar G J M, Pitchford L C 2005 Plasma Sources
Sci. Technol. 14 722

[14] He W, Liu X H, Xian R C, Chen S H 2013 Plasma Sci.
Technol. 15 336

195202-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://210.45.210.34:8000/rwt/GIZUM9DIPS4HAPSQF75YP73PMNYGX4JPN3TYE/KCMS/detail/detail.aspx?QueryID=39&CurRec=1&filename=WBXB2014S2042&dbname=CJFDLAST2015&dbcode=CJFQ&pr={}&urlid={}&yx={}&uid=WEEvREcwSlJHSldRa1FhdXNXYXJxUmRCN0dIZzluM2tGMWtyNHZNUXNMRT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=MTEyMTBkdUZ5L2dWN3ZMTWkvVGJMRzRIOVd2clk5QlpvUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSTDJmYnU=
http://dx.doi.org/10.7498/aps.64.055201
http://dx.doi.org/10.7498/aps.64.055201
http://dx.doi.org/10.7498/aps.63.064101
http://dx.doi.org/10.7498/aps.63.064101
http://dx.doi.org/10.1088/0741-3335/44/2/302
http://dx.doi.org/10.1088/0741-3335/44/2/302
http://dx.doi.org/10.13443/j.cjors.2005.03.023
http://210.45.210.34:8000/rwt/GIZUM9DIPS4HAPSQF75YP73PMNYGX4JPN3TYE/KCMS/detail/detail.aspx?QueryID=11&CurRec=21&filename=WBXB200904019&dbname=CJFD2009&dbcode=CJFQ&pr={}&urlid={}&yx={}&uid=WEEvREcwSlJHSldRa1FhdXNXYXJxUmRCN0dIZzluM2tGMWtyNHZNUXNMRT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=Mjk3MDc0SHRqTXE0OUViWVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTFGckNVUkwyZmJ1ZHVGeS9tVkx6SU1pL1RiTEc=
http://210.45.210.34:8000/rwt/GIZUM9DIPS4HAPSQF75YP73PMNYGX4JPN3TYE/KCMS/detail/detail.aspx?QueryID=0&CurRec=26&filename=QJGY200803020&dbname=CJFD2008&dbcode=CJFQ&pr={}&urlid={}&yx={}&uid=WEEvREcwSlJHSldRa1FhdXNXYXJxUmRCN0dIZzluM2tGMWtyNHZNUXNMRT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=MDc4NzdJUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSTDJmYnVkdUZ5L25VcnpQTkNmTWQ3RzRIdG5Nckk5SFo=
http://210.45.210.34:8000/rwt/GIZUM9DIPS4HAPSQF75YP73PMNYGX4JPN3TYE/KCMS/detail/detail.aspx?QueryID=0&CurRec=26&filename=QJGY200803020&dbname=CJFD2008&dbcode=CJFQ&pr={}&urlid={}&yx={}&uid=WEEvREcwSlJHSldRa1FhdXNXYXJxUmRCN0dIZzluM2tGMWtyNHZNUXNMRT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=MDc4NzdJUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSTDJmYnVkdUZ5L25VcnpQTkNmTWQ3RzRIdG5Nckk5SFo=
http://dx.doi.org/10.16568/j.0254-6086.2008.01.005
http://dx.doi.org/10.16568/j.0254-6086.2008.01.005
http://210.45.210.34:8000/rwt/GIZUM9DIPS4HAPSQF75YP73PMNYGX4JPN3TYE/KCMS/detail/detail.aspx?QueryID=1&CurRec=4&filename=WXDG201010020&dbname=CJFD2010&dbcode=CJFQ&pr={}&urlid={}&yx={}&uid=WEEvREcwSlJHSldRa1FhdXNXYXJxUmRCN0dIZzluM2tGMWtyNHZNUXNMRT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=MDk0ODRhYkc0SDlITnI0OUhaSVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTFGckNVUkwyZmJ1ZHVGeS9uVUx2S01qWFA=
http://dx.doi.org/10.7498/aps.63.095202
http://dx.doi.org/10.3788/fgxb20163710.1292
http://dx.doi.org/10.3788/fgxb20163710.1292
http://dx.doi.org/10.1088/0963-0252/14/4/011
http://dx.doi.org/10.1088/0963-0252/14/4/011
http://dx.doi.org/10.1088/1009-0630/15/4/06
http://dx.doi.org/10.1088/1009-0630/15/4/06

) 38 % 48 Acta Phys. Sin. Vol. 66, No. 19 (2017) 195202

Avalanche effect in plasma under high-power microwave
irradiation”
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Abstract

High-power microwave (HPM) weapon, which is destructive to electronic systems, has developed rapidly due to
the great progress of HPM devices and technologies. Plasma with distinctive electromagnetic characteristics is under
advisement as one of potentially effective protection materials. Therefore, research on avalanche ionization effect in
plasma caused by the interaction between HPM and plasma is of significance for its HPM protection performance. Based
on the method of fluid approximation, the wave equation, the electron drift diffusion equation and the heavy species
transport equation, explaining the propagation of microwave and the change of the charged particles inside plasma, are
established to study the avalanche ionization effect under the HPM radiation. A two-dimensional physical model is built
with the help of software COMSOL according to the plasma protection array designed to disturb the propagation of
the HPM pulses. It can be shown that the emergence of avalanche effect is greatly affected by the incident power of
microwave, and the generation time would be influenced by the initial electron density. Moreover, it can be observed
that the avalanche effect appears only when the plasma array is irradiated for a period of time, which means that the
performance of HPM is presented as gathering effect, and a large amount of energy is needed to change the internal
particle balance in plasma. In addition, the electron density inside the plasma changes rapidly and complicatedly while
the avalanche effect comes into being. Besides, the cutoff frequency of the plasma exceeds the frequency of the incident
wave with the increase of electron density, which leads to that the electromagnetic wave cannot propagate in the plasma,

so that the plasma can be used to protect the HPM irradiation.

Keywords: avalanche ionization effect, plasma, high-power microwave, plasma protection
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