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Objectives

• Measure the speed, u0, of an outward 
moving magnetohydrodynamic shock 
wave

• Compare speed with nonlinear MHD 
model
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"Shock and Current Layer Structure in an Electromagnetic Shock Tube," 
George C. Vlases, Phys Fluids 10, 2351 (1967);  https://doi.org/10.1063/1.1762043

u0

u0 is shock speed



Introductory Reading
• George Vlases studied the inverse Z-pinch for his 1963 PhD thesis at 

CalTech: 
 
Experiments in a cylindrical magnetic shock tube, Dissertation 
(Ph.D.), CalTech; https://resolver.caltech.edu/
CaltechTHESIS:10092012-110749746 

• Excellent summary:  
 
"Shock and Current Layer Structure in an Electromagnetic Shock 
Tube,” George C. Vlases, Phys Fluids 10, 2351 (1967);  https://
doi.org/10.1063/1.1762043 

• First discovered by Prof. Hans Wolfgang Liepmann (1914-2009) and 
Vlases in 1961. President Ronald Reagan awarded Liepmann the 
National Medal of Science in 1986.
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"Magnetically Driven Cylindrical Shock Waves," 
H. W. Liepmann, and G. Vlases, Phys Fluids 4, 927 (1961);  

https://doi.org/10.1063/1.1706428
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https://doi.org/10.1063/1.1762043
https://www.caltech.edu/about/news/hans-w-liepmann-94-1548


(MKS Units)
where V0 is the voltage, L is the 
inductance, and ρ0 is the mass 

density of the gas

Speed of Shock
Speed is nearly constant!
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Nonlinear MHD (with Similarity Solution)
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Procedure
• This experiment has one procedure, repeated for different gas and pressures.

• For each condition: 

1. Launch an outward moving shock wave

2. Measure magnetic field vs. time at a movable probe

3. Move probe to different radial positions (and measure magnetic field)

4. Determine when the shock wave passes the probe’s position

5. Calculate shock speed from r ≈ u0 t
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Key Physics: Magnetic Pressure
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How the Inverse Z-Pinch Works

Need µsec resolution
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High Voltage Pulsed Power

14.1 μF at > 10 kV
~ 1 kJ of energy

(like energy of bullet from 
357 Magnum pistol)

“Switch”
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How the Inverse Z-Pinch Works
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What Do You Measure?
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What Do You Measure?

12



Hints and Advice
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From the original “discovery”…

"Magnetically Driven Cylindrical Shock Waves," 
H. W. Liepmann, and G. Vlases, Phys Fluids 4, 927 (1961);  

https://doi.org/10.1063/1.1706428
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Summary

• Measure the speed, u0, of an outward 
moving magnetohydrodynamic shock 
wave

• Compare speed with nonlinear MHD 
model
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"Shock and Current Layer Structure in an Electromagnetic Shock Tube," 
George C. Vlases, Phys Fluids 10, 2351 (1967);  https://doi.org/10.1063/1.1762043

u0

u0 is shock speed


