Radial profile of the current density during the start-up phase of GOLEM

Skin efekt The diffusion time is 
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 and is the plasma conductivity, 
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For pure hydrogen plasma Z = 1 and the Coulomb logarithm ln ~ 15
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an the current diffusion time is 
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The lowest possible estimate of the electron temperature during the start-up phase on CGOLEM is in the range of Te ~ 5 - 20 eV. Consequently, the diffusion time is around 9 –70 ms.

If the ion charge is higher Z ~ 3 (a dirty hydrogen plasma), we get
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The diffusion time is 3x less and it is in the range of 3 –25 ms.

This time has to be compared with a characteristic ramp-up time of the plasma current
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one can expect an efficient penetration of the current to the center of the plasma column. 

In some shot on GOLEM, the plasma current increases up to 10 kA during 1 ms. It means that the time derivative of the plasma current is in the range of 10 MA/s at Ip ~ 0.005 MA. This implies the ramp-up time curr ~ 0.5 ms. This value is at least by one order of magnitude less than the current diffusion time, 
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 under that conditions.

This implies that the current profile has to be hollow during the start up phase of the GOLEM discharge. The hollow profile is unstable, in general. However, as shown in WESSON (page 340) an MHD instability will occurs and quickly redistribute the current density profile to be peaked at the center of the plasma column. During this fast redistribution, the plasma inductance 
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changes significantly and therefore an inductive peak on the loop voltage signal should appear. Such peak is observed on the signal of the loop voltage in discharges with a high biasing voltage of the OH battery.

Alternatively, we can estimate  from the plasma resistance per unit length R'
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The plasma resistance per unit length can be deduced from experiment as
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where R is major radius of the torus
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For geometry of GOLEM, 
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For I = 5 kA, Uloop = 5 V tdiff ~ 70 ms

Which is in the range of value shown above.

Comment on the internal inductance of the plasma ring on GOLEM

Inductance of a circular uniform current of radius a in a circular loop of radius R (Wesson), p.674. 
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For GOLEM the inductance is L = 1.8 H 
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