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Vacuum Voltmeter (VVM)

Extend 2 MV divider for operation up to -6 MV

— Wire array loads on Z predicted to have voltage at
convolute in -4 to -6 MV range

Design field shapers to control electron
emission in negative polarity

Test extended VVM on NRL Mercury
generator

Use circuit and PIC codes to evaluate VVM
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Calculated post-hole convolute voltages

for wire array implosions on Z
(from B. Jones, Sandia)
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Modified VVM for 6 MV

=~ — R~700Q
§ so L/R~ ns
—
' __ 4 MV extension
34 insulators
=
= E
% 2 MV VWM
== 17 insulators
=
= —

-

Extension design Assembled VVM



Field shapers for Mercury VVM tests

|E| plots for the VVM at -6 MV in the Mercury vacuum chamber
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VVM installation in Mercury
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Conical field shapers treated to increase
emission threshold to ~ 1 MV/cm
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Calibration setup and data
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“Lossy transmission line” circuit model
reproduces calibration data

Circuit model

Calibration data
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VVM on Mercury shot 605
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VVM data for -2 to -4 MV shots
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VVM comparison with MITL theory?

5.0 , . | . | . ,
i Theory, self-limited

4.0

3.0 Theory, load current

2.0

1.0

0.0

-1.0 | 1 |
2300 2400

2500 2600

Time (ns)

fs (V) =n(V)

3. P.F. Ottinger and J.W. Schumer, “Rescaling of
Equilibrium Magnetically Insulated Flow Theory Based on
Particle-in-Cell Simulations,” Phys. Plasmas 13, 063109

2 12 2

mc® 12 -1

vz (12-p2)? 9 L~k
O(a C)l 2e |7

g(V) =0.99565-0.05332V +0.0037V*
(= 0.84 for V =4 MV)

r —1/2

{0

1- fSL (V)




At -6 MV, VVM signal less than
expected from MITL theory
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Electron emission from VVM
can affect signal

Red: electron emission
results in signal greater
than actual voltage

Black: electron emission
does not affect voltage
measurement
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PIC calculations show effects of
conical field shaper
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Summary

 Extended VVM works adequately for -4 MV on
Mercury
— Few ns time response, stray capacitance can cause
ringing
— Field shapers required to control electron emission
— Suitable for -4 MV loads on Z

e Electron emission likely cause of incorrect signals
at -6 MV on Mercury

— Requires improved field shaping for -6 MV loads on Z



