Summary 12

Mobility and Diffusion Coefficient

In an electric field E or a pressure (number density n) gradient, plasma particles will drift with a velocity v given by: 

v= +mE –D((n)/n

m= (q(/(m mobility of charge q (drift due to E) 

D=kT/(m diffusion coefficient (drift due to P grad) 

is the collision frequency; appear in denominators of m and D; so can see that:

Mobility and diffusion are restricted by collisions.

Individually, there is a tendency for:

Ions to drift with mobility mi and diffusion coefficient Di

& Electrons to drift with different mobility me & diffusion coefficient De. (see expressions, note mi>>me)

However the drifts are coupled together through the induced electric fields; whenever separation occurs.

Summary 13

Ambipolar Diffusion

Thus in a plasma the drifts cannot be separated (except over distances shorter than D). 

Hence there is a plasma drift:- i.e. ambipolar diffusion with coefficient Da.

IN A PRESSUE GRADIENT, because of its much smaller mass, the electrons TEND to drift much faster, but they are greatly slowed down by the ions (like mouse pulling elephant). Hence the drift is limited by the ions. 

Thus, an analysis shows that:

Da = 2 Di
Effect of Strong Magnetic Field

In a strong B field (ie gyr>>coll); charged particles are tied to B lines; and diffusion across field lines only occur in collisions;  Diffusion coeff reduced by Hall Parameter (HP) gyr/coll or . 

Note Ion HPgii-i << gee-e  ; resulting in Di( >>De( 

Ions ‘jump’ B lines much more readily than electrons; the electrons behave like the ‘elephants’ and limit the diffusion:

Thus:

Da(=2De(
In direction ALONG the B lines,  ambipolar diffusion remains the same as the weak B field case.

