Summary 7

Collisions in Plasmas

Short range: Single collision with >90o

Long range: Cumulative collisions resulting in >90o
90o Impact parameter, bo is obtained by putting  es energy between the colliding particles, separated by bo, equal to twice the incoming particle k energy.

Then bo=Z1Z2e2/[4o(3kT)]

Cross Section:   Qs=bo2
is the collision cross-section for short-range collisions;    applicable for weakly ionized plasmas. 

Thus for weakly ionized plasmas (e.g. only 1 particle in 106 ionized; as long as enough charged particles to fulfil conditions to be a plasma):

mean free time of collision: t e-i= 1/Qsniwe ;

te-i    =  1/[nibo2(3kTe/me)1/2]

        =  1.5x106 Te 3/2/(Z2ni )   .

Summary 8

Collisions in Strongly Ionized Plasmas (1 particle in 100 ionized sufficient to consider as strongly ionized)

For strongly ionized plasmas, the collision cross-section is under-estimated; since besides the short-range collisions, the plasma charged particles also undergo cumulative, or long-range collisions. In fact in a strongly ionized plasma, Spitzer has shown that long-range collisions dominate. Hence collision cross-sections are much bigger than Qs. Hence collision mft’s are much shorter.

Spitzer computed the effect of cumulative collisions; integrating over all parameters from bo to D.

(L spitzer: “Physics of Fully Ionized Gases”)

He obtained: Q=(5.7ln Qs
where =bo/D, the so-called Debye parameter.

lnis a slowly varying function with n and T. Its value ranges from 5 to 20 for most plasmas. Hence for most plasmas lncan be taken as 10.

In other words for a strongly ionized plasma Q is some 57 times Qs; and mft of collision is correspondingly smaller.

te-i    =  2.7x105 Te 3/2/(Z2ni ln)   .

