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Critical field strength estimation for microwave
pulse atmospheric breakdown
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Abstract: In response to the possible breakdown phenomenon of high-power microwave in atmospheric
transmission, our study focuses on the first breakdown delay pulse number in pulse sequences. It is found that it is
closely related to seed electrons, pulse breakdown probability, and microwave field strength. Microwave field strength
can indirectly affect the pulse breakdown probability and delay pulse number through seed electrons. A method is
proposed to estimate the critical field strength of microwave breakdown using the number of delayed pulses, and the
microwave critical field strength is defined as the breakdown threshold when the probability of pulse breakdown is
greater than a certain value. In this paper, the estimation formula of pulse impulse breakdown probability is derived,
and the performance of the estimator is analyzed. Then, the experimental verification is carried out using the S band
microwave atmospheric breakdown simulation device. The experimental results show that, within a certain range, the
number of pulse delays for repetitive frequency microwave pulse breakdown is only inversely proportional to the seed
electron generation rate and pulse width, and can be used to estimate the probability of pulse breakdown, thereby
giving the critical field strength for breakdown.
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Table 1 Results of experiments

No. pressure/ electric intensity/ radioaf:tive repetitive Pulse » i ; 5
Pa (kV/ecm) source distance frequency/Hz width/ns
A 8000 1.87 far 20 20000 0.006 13 73.1 0.0055
A, 8000 1.87 near 20 20000 0.03 20 334 0.030
B, 1000 0.92 none 20 20000 0.04 20 27.7 0.036
B, 1000 1.29 none 20 20000 0.5 20 2.3 0.43
C 300 0.92 none 5 2000 0.005 13 102.5 0.0048
C, 300 0.92 none 50 2000 0.005 14 92.7 0.0056
C; 300 0.92 none 500 2000 0.005 12 78.6 0.0047
D, 300 1.29 none 50 20 0 0 0 0
D, 300 1.29 none 50 200 0.003 11 113.2 0.0036
Dy 300 1.29 none 50 2000 0.03 20 353 0.028
D, 300 1.29 none 50 20000 1 20 1 1
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Fig. 1 Cumulative probability density function of microwave pulse Fig.2 Cumulative probability density function of microwave pulse

breakdown under different repetitive frequency breakdown under different pulse width
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