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tained from Eq. (18).
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Fig. 3. (color online) The electron number density and
effective electron temperature in the 3 MV/m DC and
32 MV/m microwave field versus time for v. = 3040
GHz, vy = 304 GHz.
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Fig. 4. (color online) The electron number density and
effective electron temperature in the 3 MV/m DC and
3v/2 MV/m microwave field versus time for p = 760
torr. 1 obtained using ve = 2903 GHz, and 2 obtained
using ve(Te).

FAkh, IWETAHE T U, BRI BT
B R REENT B, 2P HE
AR B R KT B (AP 4 H E S R e I (]
BUWEFH). REEZFANT, < 3.50192 eV I,
HHL AT B T, 284k AT i

1[GHz/torr] =1.8607 x 10~ °T, exp(1.76T;) (25)

175202-4


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 17 (2015) 175202

g, BIUAE — N0 R A P, P38 B AR 3 B
Sk E TR RTTER. STk (11NN 2y < 1
I, Evw,.er < /2(1+ w?/v2)Epc e 5 K&
B B AR R B T R EIR B TTER. sk,
SeBr B it o 2 A & T A S e R ICT A
Rk, LHCR T RO b v e R R AR 9
P BE B 450 SR B R P 1 AR AL 2 (dIn Plogs/dTe) 5 H
5 AT B I ) AR A2 (dInw/dTe) RN R R
WRATE R T )G (dIn Poss/dT, < dInw;/dT,),
W) 198 3 B o o BB AR T R A R ot B
M4 R, K2 (din Poss/dT, > dlnw;/dT,), W1
W i o o B S TR A RO R A
THE SR TR o WE AT B (24), (25) R &
A 13 dIn Pogs/dT. < dInvi/dTe, B Eyw,er <
V21 + w2 /U2) Epc er, X5 HL I 40 4T 50H 140 25
R HliF dn Poss/dTe < dlnv/dTe, Bk
<1, Euw,e ® Epcer-

10.5

104

T./eV

ne/cm—3

i
10.2 |/
]

L
10.1 f

10

t/ns

K5 (MAIEM) p = 2 torr, Epc = 10000 V/m,
Evw = 29911 V/m B, A7 808 T 188 K o T 40% 15 b
I 1] A9 AZ A

Fig. 5. (color online) The electron number density and
effective electron temperature in the 10000 V/m DC
and 29911 V/m microwave field versus time for p = 2
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Theoretical study on the microwave air breakdown
threshold”
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Abstract

By analyzing the breakdown threshold obtained from effective magnitude or RMS (root mean square) of microwave
field, it is pointed out that the assumption of threshold is not suitable for microwave air breakdown. Variations of effective
electron temperature and breakdown threshold in microwave fields, which are studied theoretically and numerically by
fluid-based plasma equations coupled with the Maxwell equations, are compared with those in static fields. It is found
that the effective electron temperature varies greatly with the microwave field at high pressures (electron energy transfer
frequency is much larger than microwave frequency) due to its high energy transfer frequency. This causes the microwave
air breakdown threshold to be smaller than that obtained from the RMS of field at high pressures because the ionization
frequency varies faster than electron energy loss at an effective electron temperature. On the other hand, the effective
electron temperature variation with the microwave field is insignificant at low pressures (electron energy transfer frequency
is much smaller than microwave frequency) due to the negligible electron energy loss in a microwave period. In this case,
the microwave air breakdown threshold is approximately equal to that obtained from the RMS one of the field. The fit

formula of microwave air breakdown threshold is obtained by numerical and theoretical analysis.
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