Collisions and transport phenomena

* Collisions in partly and fully ionized plasmas

* Typical collision parameters

* Conductivity and transport coefficients

* Conductivity tensor

* Formation of the ionosphere and Chapman layer
* Heat conduction and viscosity

* Ionospheric currents

Collisions

Plasmas may be collisional (e.g., fusion plasma) or collisionsless
(e.g., solar wind). Space plasmas are usually collisionless.

Ionization state of a plasma:

* Partially ionized: Earth‘s ionosphere or Sun‘s photosphere
and chromosphere, dusty and cometary plasmas

* Fully ionized: Sun‘s corona and solar wind or most of the
planetary magnetospheres

Partly ionized, then ion-neutral collisions dominate; fully ionized, then
Coulomb collisions between charge carriers (electrons and ions) dominate.
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Typical collision frequencies for geophysical plasmas
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Coulomb mean free path lengths in space plasmas
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dv

ma=q(E—l—vXB)—ch(v—u)




The current can be expressed in the form of Ohm s law in vector
notation as: j = o E, with the dyadic conductivity tensor o.

i=0|E|+opEL —oy(E; xB)/B




Dependence of conductivities on frequency ratio

Conductivity
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|@,| < V,, electrons are
scattered in the field
direction before
completing gyration.

|@,| > V., electrons
complete many gyrocircles
before being scattered ->
electric drift prevails.

Formation of the ionosphere

The ionosphere is barometrically
stratified according to the density law:

The ionosphere is the
transition layer between the
neutral atmosphere and
ionized magnetosphere.

Solar ultraviolet radiation
impinges at angle y,, is absorbed
in the upper atmosphere and
creates ionization (also through
electron precipitation). 7, is the
flux on top of the layer.

nn(z) = ngexp(—z/H)

H is the scale height, defined as, H= kT /m,g, with g being the
gravitational acceleration at height z = 0, where the density is 7.




‘J’loH
I1(z) = Ioexp | — 22" exp(—z/H
() = Ino p[ 2 o/ )]

z  oynoH
= IooeXp |—— — ———exp(—z/H
av(z) KpOpNpdoo €XP H ™ cosxo p( z/ )

Radiation

Intensi /
ty \7 P
Ve

Altitude

Neutral

~ e Density
e - -




Electron recombination and attachment
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Recombination, with
coefficient o, and
electron attachment, f3,,
are the two major loss
processes of electrons
in the ionosphere.

In equilibrium quasi-
neutrality applies:

ne=ni

Then the continuity
equation for n, reads:

dne
dt

2
Qu.e — Qg — Brne

Transport coefficients: Heat

conduction and viscosity

Fourier‘s law:

Electrons in a collison-dominated plasma can carry
heat in the direction of the temperature gradient,

Qe =- kK VTe
K = 5neszTJ(2me Vc)

Viscous stresses:

4

IT=- G (VV,+(VV)")
= nkgT/v,

Ions in a collison-dominated plasma can carry
momentum in the direction of velocity gradients
(shear, vorticity, etc..),
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