
What is diffusion?

diffusion

Diffusion is characterized by particle's motion:

mean free path l & velocity v

A microscale process (<= kinetic approach) caused by collision of particles, 
which makes a macroscale distribution (<= fluid approach) smooth.

microscale

macroscale

dimension of diffusivity: m2/s... velocity (m/s) x length (m)

macroscale

l
v
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Electrical conductivity & magnetic diffusivity

Electrical conductivity

Magnetic diffusivity

conductivity is high in hot plasmas

diffusivity is low in hot plasmas

dimension: velocity (m/s) x length (m)

※ What is diffused is magnetic field (or non-gyrating proton).
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ln ND (Coulomb logarithm) ~ 10



Electric energy density vs. Magnetic energy density

Electric energy density... 
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Magnetic energy density... 
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The ratio is
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→ electric energy density is negligible when v0 << c.
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(Field => Plasma)

charge conservation

Fluid part

mass conservation
momentum equation

energy equation
equation of state

Ohm's law



Equation I... mass conservation

 ρ: density
ρv
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1D case
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
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
 t +  •  v = 0

 •  v ... – net flux; when this is positive,  gas density decreases with time.

divergence
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3D case

x, t... independent


t  V  net flux  influx – outflux



... proton's mass conservation

... electron's mass conservation

summation

Mass conservation eq. in MHD

two-species fluid elements (proton + electron) single-species fluid elements (MHD)

Mass conservation equation in MHD

ρMHD ≡ n M + m : total density

vMHD  M v p + m ve

M + m : mass–average velocity

 p = n M

e = n m

 p

 t +  •  p v p = 0

e

 t +  • e ve = 0

MHD

 t +  • MHD vMHD = 0



 dv
dt = f

• acceleration: dv
dt ... Lagrangian derivative  v

 t + v •  v... Eulerian derivative

• volume force 
gas pressure gradient force (collision-related): fp = –  p

Coulomb force + Lorentz force (collision-unrelated; interaction with field): fem = n q E + v  B

gravitational force (collision-unrelated; interaction with field): fg= n M g

viscous force (collision-related): fv =   
2 v + 1

3   • v ,   : viscosity

Equation of motion for a particle: M dv
dt = F (mass x acceleration = force)

Equation II... momentum equation

mass density (n M ; 
mass per unit volume) acceleration

volume force (force per unit volume)

Momentum equation for a fluid element:

Fem = q E + v  B
Fg = M g


