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One frequently wishes to know the spatial and temporal evo

lution of the plasma density, electron temperature and ion tem-

perature for a particular diffusion mechanism in a particular 

magnetic field geometry. We calculate here one of the simplest 

such cases in which the magnetic field is straight and uniform 

and the plasma is cylindrically symmetric. Classical diffusion 

is assumed, and collisions with neutrals as well as electron-

ion collisions are considered. The particle density n and en-

ergy densities U obey continuity equations: 
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where S is the particle flux and P is the energy flux crossing a 

surface of constant r. For classical diffusion, the radial com

ponent of the fluxes is 
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where E is the radial ambipolar electric field, and the prime r 
denotes differentiation with respect to r. For charge neutral-

ity, we require S = S., or e 1 
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Solving for neEr gives 
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For a hydrogen plasma in a neutral hydrogen background, 
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The flux (either electrons or ions) then becomes 
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In cylindrical coordinates, the divergence becomes 
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and the rate of change of density is 
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The classical electron thermal conduction is 

au -+ 

at
e = - IJ 

• Pe = 

\) .. 
11 

and 

= i T an + 
Sal 

2 e at 2m ul e ce 
r 2n T' (nT' + n' T ) + rm T (T" + T' /r) 
L 0 e e e 0 e e e 

Sa2n 
+ n' nT T'] + -----..r-=- r Sn 'T T' + 2nT (T" + T' / r) o e e 2 3/2 l e e e e e 2mewceTe 

+ nT'T! + n'T'Ti] e 1 e '  

The ion thermal conduction is 

0.J + \). Ie 
a2n 

43T.3/2 
1 

(T »T./43) e 1 

calculated using 

The result is 
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The complexity of these results for this simple case 

illustrates the difficulty of doing a rigorously correct 

neoclassical diffusion calculation in a realistic magnetic 

geometry such as a Tokamak or Bumpy Torus. 
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