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In this talk we discuss work at the Naval Research Laboratory in 
the Spacecraft Engineering and Plasma Physics Divisions on hol-
low cathodes and time-resolved plasma diagnostics.  We begin 
with development of the plasma impedance probe, or PIP.  Lang-
muir probes measure plasma properties by sweeping a voltage 
across a plasma-wetted electrode and recording the collected cur-
rent.  The Langmuir probe is widely used, yet the accuracy of its 
density measurement often have error estimates of ~10-20%, and 
often quote only statistical error.  When asked how well that sta-
tistical cloud matches the truth, the goalposts might be moved to 
plus or minus a factor of two!  While we use NIST-traceable stand-
ards for many quantities, there is sadly no standard plasma den-
sity “candle”.  Meanwhile, in our development of thermionic hol-
low cathodes we see huge variance in estimates of anomalous 
electron transport “collision” frequencies due to assumptions we 
make to infer them from measurable plasma parameters.  We will 
discuss ways to address both problems in the context of develop-
ment of the PIP, a shift from Langmuir probes towards timing-
based mechanisms to query the plasma frequency itself.  We ex-
tended the PIP from a static low-density (106 cm-3) diagnostic to 
>100 kHz measurement of plasma densities up to 1010 cm-3, and 
begun work on tomographic inversion of plasma density within a 
PIP array.  We describe our plans to generate a plasma density 
“standard candle” for absolute calibration of PIP density measure-
ments, and discuss our first data directly querying the total effec-
tive electron collision frequency in a hollow cathode plasma.   
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