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Breakdown  statistics of atmosphere are under  investigation  to 
determine a detection method of concealed radioactive substances by 
high  power  microwave  sources.  Incident  radiation  raises the initial  
free electron and ion densities in the atmosphere thus affecting 
breakdown  characteristics.  Time delay statistics are analyzed to 
propose a reliable method for  distinguishing  elevated ionization  from  
background  ionization .   

Motivation  

Introduction: Atmospheric Breakdown  
Plasma frequency at critical electron density 
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Dispersion Relation 
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For ὺ ḊÌÏ× ÐÒÅÓÓÕÒÅ ÃÏÎÄÉÔÉÏÎ  
For  ὺ high pressure condition :  
 
Conductivity of homogenous unmagnetized plasma  

„
ὭὲὩ

ά  Ὥὺ
 

For ὺ is imaginary and therefore there are no ohmic losses and „ , 
the plasma behaves like a dielectric  
For  ὺ is real and the plasma behaves like a conductor where „ , 
the rate of ohmic energy transfer to plasma  

ὨὟ

Ὠὸ
ὖ

ρ

ς
Ὑ „Ὁ  

 
Electric Field required for breakdown  
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Guided wave schematic 

a.) Tapered waveguide designed to concentrate electric field of RF to obtain 
critical electric field conditions for atmospheric breakdown  
b.) HFSS prediction for the magnitude of the electric field within the 
waveguide  

Experimental Design 

a) b) 

Results 

Results 

Critical Pressure = 16.9 Torr  ὺ ὺ   

a.)Tapered waveguide inside vacuum chamber 

b.) Experimental setup: vacuum chamber on left, 
TWT, oscillator and oscilloscope on right  

a.) Percentage of power absorbed 
by plasma as a function of 
pressure (log(Torr))   
 

b.) Probability of breakdown as a 
function of pressure (log(Torr))  
 

a.) Plasma image with no initial conditions in the high pressure 
regime (25.76 Torr) plasma is diffuse filamentation is only slightly 
visible  

b.) Plasma image with excitation of 4.62 uA in high pressure 
regime (25.76 Torr) plasma is highly filamented  

Contour plots of time delay values: no initial conditions 15 uA excitation, and 30 uA excitation respectively  

Conclusions 

a.)Unwrapped phase at 51.5 Torr. 
The slope corresponds to the 
Doppler frequency which reflects 
initial ionization conditions.  This 
measurement can be used to detect 
elevated levels of ionization. 

b.)Magnitude of the reflected signal 
at 51.5 Torr.  Each local maximum 
shows  the formation time of a onset 
of a critical layer.  The time delay 
between peaks is shorter with 
elevated ionization.  This 
measurement can also be used as a 
detection method.  The dashed lines 
represent the formation of critical 
layers. 

Breakdown statistics showing mean and 
standard deviation of time delay (in �Ís)  

Oscilloscope measurements 

Experimental Setup 

Power 800 Watts 

Frequency 15.2 GHz 

Pressure Range (Torr) 1 to 65 

Pulse Duration  �������Í�V 

Excitation Current  �����Í�$�����D�Q�G���������Í�$ 

Background free 
electron density 
(order of magnitude)  

106 

�������Í�$���I�U�H�H���H�O�H�F�W�U�R�Q��
density  

109 

�������Í�$���I�U�H�H���H�O�H�F�W�U�R�Q��
density  

2 x 109 

�‡ The power needed to detect elevated ionization conditions needs to be 
3 to 4 times high than the threshold required for breakdown  

�‡ needs to be chosen to maximize the energy absorbed by the plasma   
�‡ At atmospheric pressure the corresponding frequency is 

approximately 670 GHz 
�‡ Operate in regime with high probability of breakdown  for elevated 

conditions and lower probability for no elevated ionization  
�‡ The time delay between the onset of the microwave pulse and the first 

achieved critical density is shorter on average with less deviation 
when initial ionization is present  

�‡ Proposed measurements for concealed radioactive materials include 
phase and time delay 
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