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Electrothermal Instability Evolution on Z-Pinch Rods and Imploding 
Liners Pulsed with Intense Current

The early nonuniform Joule heating of Z liners is not diagnosed.  
Rather, ETI development is inferred by evaluating MRT late in the experiment.  

ETI is NOT directly observed!

Electrothermal instabilities are driven by Joule heating 
and arise when resistivity (η) depends on temperature (T)

Z experiments have focused on developing predictive 
capability of instability growth of imploding liners

2D simulations show ETIs 
develop after melt and seed 

later MRT growth

But, ETI-driven density 
perturbations are mitigated 

with dielectric surface coatings!

Dielectric surface coatings tamp expansion and mitigate surface 
plasma formation, providing a unique platform for studying ETI 

strata formation and evolution

Shadowgraphy indicates appreciable 
tamping of Al expansion

Coated loads emit more strongly early 
in time due to reduced pdV cooling

Both Theory (thin wire) and MHD 
simulation suggest δT grows in time

Measured strata δT grows in time 
and is best fit with an exponential

For Al 6061 alloy, newly observed early phenomena include overheated azimuthally stretched elliptical spots (20-40 µm 
wide by 10 µm tall) and distinct strata (40-100 µm wide by 10 µm tall). Data give credence to the hypothesis that early 

nonuniform Joule heating, including ETI, may provide the dominant seed for MRT

The first direct observation of stratified ETI on the surface of thick metal has been made.  Dielectric 
coatings inertially tamp the metal and suppress surface plasma formation, enabling prolonged 
observation of strata.  Radiometry indicates exponential growth of temperature perturbations.
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Nonuniform Joule heating is observed with unprecedented diagnostic resolution
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