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RESISTIVITY E field accelerate electrons until collisional friction with ions is large
enough to counteract it — electrons reach terminal velocity similar to parachute.

DIrrUSION Collisions with electrons moves the guiding center, so that particle can
diffuse from one field line to another.

1 HARD SPHERE COLLISIONS
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2 ELECTRON-ION-“COLLSIONS”

Can solve this for general potentials but here we solve for electrons and ions
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How does O vary with ¢?
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and for small scatter angles, i.e. sin WV ~ P,
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Furthermore, ¥ = If’—o for WV < 1.

Many small angle angular deflections accumulate to make a large angle collision.
Because W changes randomly, the electron performs a random walk:

(W2) = (WP ) +(W3)+(W5) +...
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Now, to figure out { dW? ), we need to know number of collisions per time for fixed b
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bmin : for summing over small angles W < 1, i.e. by,;, = bg
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bmax : Debye shielding cuts off Coulomb force at b, ~ Ap = (M)
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we get
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Introduce the Coulomb logarithm

In bmax =1InA.

min




LECTURE 16 PHYS4150

Now,

<\112.> increase b2 A
unit length
Define A, to be the typical length for an electron to acquire large angle collision
(W?) = 1 from small angle collisions

(W?) increase 1 _ nnb(z)lnA.

unit length Ay
Obvioulsy
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has the meaning of a mean free path length for large angle collisions. Now recall that
we found for hard sphere collisions that the mean free path is (no)~!, and thus

no = nmbgln A.
From this follows that the cross section for Coulomb collisions is
o= ThjInA.

After substituting back by = e?/2mepkpT we get the final expression for the cross
section
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—n(—C ) mA.
o= <2ﬂeokBT) .

Note that ¢ is independent of the plasma density and scales with temperature as 7 2.
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