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2.1 &R Maxwell 5 #22H

V x H=0D/ot+J, Q)
V x E = —0B/0t
D = Eoé'rE

: (2)
B = /L()H

(1) KON LRG3 T 2 1 3 Y8 Maxcwell 77 F24H, (2) X
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PR R A S i, n AURBRIN 8P, n 4+ 1/2403%
PR ), At 5 Az 73 ) ORI 5K 5 73]

K.

2.2 ZEE{ER B F Newton-Lorentz &
P
EETHRAHTHETFREENTEFRE, B
PLIGC R P RN 8] )ROBE N R B FE s iz sh 7 2,
NHIE 8 I 1) L 7 Newton-Lorentz i 3l 7 FE U1 :
O(Meve) /Ot + Ve,
= qE +q(ve x B), (5)

o, me AT LR B (AT kg), g M HL T L
(B C), EAHGHRIE (BB V-m—'), B HLE
B (AL Wh-m™2), v, N HL s 3 B (S
m-s™ ), vo NEE R TARRERE AR (A7 Hz).
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5 (T A% i b T BTV R 2ok ) 5 DR (1) i B
K, M (4102 m—3) S8 11K X i
B, S5 B AR N R O = AR T A R i AN
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PE L RE. WE YIRS T AREE 1010 m?
JEJEJ90.1 mm, £7F & & N K1 (800.1 mm AL);
S5 TR R AR W AR SR IL S b E SR, |
ne(t, z = 800.1 mm) = ne(t, z = 800.0 mm).

41 BRES
W2

SRR E: EEWIEAT, NI TR T
15 ns, 15 8 PLI A0 i P 3R TR 588 760 Torr
(RBEREO), HX N KSR & F R E B, =
32 MV-m™!, WU 75808 B = 9.2 MV-m™
(XL Byms/ Eer = 2), X HORFFLHAFE T 14N KA
JE T 0 B v o RS AR

SEBE AT IR0 T P R T TA) 8% 7 2 S S 40
ZERAE S Fion. MBS (a) ATLLE H, 140 ns PLRT
R b PR T L s R A ) T AR 7 i e I (1]
B RS 3 (a) FROR B 73R THI TN 2% 7 4 16
FHIE; 140 ns DUJE, Tl & 4 3R TH 55 55 14 5 B
PR, PRI 7 AR 3% 58 b 5 46 H BLR
KFR. N RS B A 5 R el B R 1 S R A T
AN TA R NS T2, NRTMIERE~ET 2
R 2SS TR, HIERK T AR 5E, §
R B A G PR A, AR N RS B TR R

THY RO & PR H A 4% & 5

0™ 500 A 55 5 45 328 25 7 R PNy 2 T 1 P T R
I 18] JC vk B0A P SR, R e 9 3R T 55 & TR 2%
ftiﬁﬁ%ﬁ&&k?ﬂlﬂéﬁ%ﬂﬂéﬁ%ﬁﬁ%E{ﬂ%iﬂi@%ﬁﬂ@.
] 8 (b) 45 th T AR B Z1135) 75 KR 37 58 5 vl 0%

A AL, AT LLE 75 AR N R T A TN 4%
T FRIE BIRRE J5, 0 B AT X (2 < 800.1 mm)
175 iR R DLFE AT, AR K 1/2;
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flashover and breakdown on inner and outer surface of
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Abstract

In this paper, an electromagnetic-field FDTD method coupled with plasma fluid model is put forward to investigate
the different physical phenomena of high power microwave (HPM) flashover and breakdown on inner and outer surface
of output-window. Based on the above theoretical models, a one-dimensional (1D) electromagnetic field and plasma
interaction code is programmed by authors. By using the code, the HPM flashover and breakdown on inner and
outer surface of output-window are simulated. The numerical results could be concluded as follows. For flashover and
breakdown on outer surface, output microwave pulse is shortened without cut-off; there is a standing-wave distribution
of electric field RMS (Root-Mean-Square) value before the window with fixed-positions of wave nodes and antinodes;
there is a ultra-high-density (~ 10*' m™3) and ultra-thin (~mm) plasma shell with slow diffusion, microwave could
penetrate the plasma-shell partly; the shortening of output microwave is caused by plasma absorption mostly. The
output pulse of microwave could be lengthened by reducing the initial density or depth of plasmas; the other way is to
shorten incident microwave pulse or reduce the value of incident microwave power. For flashover and breakdown on inner
surface, there is also a standing-wave distribution of electric field RMS value before the window but the positions of wave
nodes and antinodes vary with time; the plasma region moves toward the microwave source; with strong-outgassing,
output microwave pulse is shortened without cut-off, there are “thread-like” ultra-high-density (~ 10" m~3) and ultra-
thin (~mm) plasma regions with slow diffusion, the distance between two “thread-like” regions is about a quarter of
microwave wavelength, the shortening of output microwave is caused by plasma absorption mostly; with weak-outgassing
and low electric field value, the output pulse of microwave is lengthened but cut-off finally, there are “belt-like” high-
density (~ 10'® m™®) and thin (mm-cm) plasma regions with fast diffusion, the distance between two “belt-like” region
is about a quarter of microwave wavelength, the shortening of output microwave is caused by plasma absorption mostly;
with weak-outgassing and high electric field value, output pulse of microwave is cut-off quickly, “block-like” diffuse ultra-
high-density (~ 10?* m™%) and deep (~cm) plasma regions are formed with very fast diffusion, and the shortening of

output microwave is caused by plasma reflection mostly.

Keywords: high power microwave output-window, flashover and breakdown, electromagnetic-field finite

difference in time domain method, plasma fluid model
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