
50 PLASMAS AS CONDUCTING FLUIDS 

which we call the skin or diffusion time. An alternating 
current penetrates into a conductor only during a half period of the 
cycle. Therefore, the high-frequency current only flows in a thin 
skin layer near the surface of the conductor. The depth of this skin 
layer can be obtained if we replace t by a quantity of the order of 
the reciprocal of the frequency (usually we take t = 2/w, where w 
is the angular frequency). 

Field Diffusion and Plasma Diffusion 

The diffusion time is the time during which the magnetic field 
penetrates into a stationary conductor. If the plasma is confined by 
the pressure of the magnetic field, diffusion of the magnetic field 
into the plasma violates the pressure balance and the plasma begins 
to move. To be more specific we should not speak of magnetic field 
diffusion into the plasma, but rather of plasma diffusion into the 
magnetic field. If the ratio of the kinetic pressure to the magnetic 
pressure f3 = P/PM is small, then the difference in the magnetic 
pressure inside and outside the plasma is small. The time needed 
for the field to diffuse into the plasma is equal to the skin or dif
fusion time given above and is determined by this small difference. 
However, total equilibrium requires a much longer time, since the 
plasma must be uniformly distributed over the entire region which 
it originally did not occupy. This plasma diffusion time is 
not determined by small pressure differences, but by the total mag
netic pressure; it is 1/8 times larger than the skin time. Corre
spondingly we can assume that the plasma diffusion coefficient is 
many times smaller than the magnetic field diffusion coefficient. 

The law of magnetic field diffusion establishes the region in 
which the assumption of perfect conductivity can be applied. The 
dimensions of the system must be large compared with the thick
ness of the skin layer and the time must be small in comparison 
with the diffusion time in the skin layer. These scales are asso
ciated with the conductivity, but a knowledge of the conductivity 
does not solve the problem. A conductivity can be "large" or 
"small" depending on the characteristic length and time scales. 
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