Plasma & MHD. (April 1) 2019

Transport coefficients:
Resistivity, thermal conductivity, viscosity shear and compressive.

Main concepts:
1) A = mf, = Mean Free Path

2) V:(i,e) = Thermal velocty /% per dimension.

3) collisoin frequency v, ; = Vr(i,e)/4
4) mf, in plasma because of long-range electric field electron interacts

with many other charge particles with many other particles. mf,
produced by coulomb logarithm.

1 . . c .
5) T = — = collisoion tim. Same for protons and electrons, in

Ve,i

P, collisoionds: A is not because of protons move much slower.

Now let us derive thermal conductivity from a Back-of-the Envelope
approach:

T + AT ° e

2 The gradient of VT is
in the Z -direction
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An electron will travel one mf,before a collision (on average) with

temperature difference AT = | VTM. Thus, the electron energy will carry
3/2 KAT in energy.
Thus, the energy flux

FC - TleVTAE - TleVTVT/l

And =1
A 1s the cross section for collision.
e’ 1 ) ,
—=-mV;, and A=nr
T 2
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Hence: A=—L. And,
4mTe*h

VT == 1/KTe —
F. =goTS/ZVT, ko, ~ 107° (canonic@

Heating from conductive heat flux:
No net heating, so the unit flux changes:

C e

Viscosity, shear:

Same analysis, using mf,, but now we look at momentum transportation, not
energy. Plus, let us first look at shear transport,

V+AIJ§| e e
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Minus missing.  Heat flux goes from high to low T.
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A formal derivation, involving complicated integrals gives the same result, with an expression for kappa_0 -- just like was the case for the Coulomb logarithm.

martens
Sticky Note
Also needs minus sign
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Velocity in x direction


AP, = m(AV))A. |l is in the Rdirection while L is in the Z direction.

The shear momentum flux is then,

=

AP, = m(AV)A.

FT, =@TLVTAPJ_ = anTxl(Al_/"@

2y 4

1=

4
4me h

Note:

1) As usual n (density) drops out again.
5

2) Temperature dependence again as Tz .
But how about mass dependence, (protons versus electrons )?
Working out m dependence and assuming T, = T,

= _mW o _ (KTy1/2

F="—Vh& Vr=(Q))

Here: F, =———=—VV
471TC

=

= po T2V,

Since the momentum fluxgsyjales with m'/2, this flux [©Ofiominated by
protons. The viscous force 1s just as with thermal flux, the divergence of the
momentum flux:

SN N 5_.
E, =V.(uyT2VV), 1y ~ 10717(cgs) in canonical plasn@
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This should be minus grad(V_//) in the perpendicular (y) direction.

martens
Sticky Note
Same comment as above)
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mass per particle, so different for P+ and e-.
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Again, gradient
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mu_0 is a constant, like kappa_0, or the Coulomb logarithm.
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Only the perpendicular component of the gradient
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i.e. typical for the solar corona
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Note:  this is a force, it goes into the momentum equation!
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Yes, but there is no heating flux force




