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Plasmas as FluidsPlasmas as FluidsPlasmas as FluidsPlasmas as Fluids

• Plasma: electrically conducting fluid 
Introducing effects specific to an electrically charged  • Introducing effects specific to an electrically charged  
current-carrying fluid, such as electric and magnetic forces
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Plasmas as FluidsPlasmas as FluidsPlasmas as FluidsPlasmas as Fluids

• Momentum balance equation: rate of change of momentum density
in a differential element of volume
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Plasmas as FluidsPlasmas as FluidsPlasmas as FluidsPlasmas as Fluids
Pressure tensor: momentum flux
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Plasmas as FluidsPlasmas as FluidsPlasmas as FluidsPlasmas as Fluids
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Momentum balance equation
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Combining with the continuity equation
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In the case, where a plasma is nearly 
Maxwellian (or at least nearly isotropic), 
the pressure tensor term can be replaced 

7

dt by the gradient of a scalar pressure, ∇p



Plasmas as FluidsPlasmas as FluidsPlasmas as FluidsPlasmas as Fluids
• Two-fluid equations
The continuity equation will apply separately to each of the different The continuity equation will apply separately to each of the different 
species. The momentum balance equation must consider the fact that 
particles of one species can collide with particles of another species, 
thereby transferring momentum between the different species
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thereby transferring momentum between the different species.
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∑+⋅∇×+=⎟
⎞

⎜
⎛ ∇⋅+

∂ α RPBuEqnuuunm )()(

collisions with species β.
ναβ : collision frequency of α on β

∑+⋅∇−×+=⎟
⎠

⎜
⎝

∇⋅+
∂ β

αβαααααααα RPBuEqnuu
t

nm )()(

RR −=
The rate at which momentum per unit 
volume is gained by species β due to αββα RR −=

βαββαβαα νν nmnm =

volume is gained by species β due to 
collisions with species α.
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Plasmas as FluidsPlasmas as FluidsPlasmas as FluidsPlasmas as Fluids
• Plasma resistivity
The acceleration of electrons by an electric field applied along (or in 
the absence of) a magnetic field is impeded by collisions with non-
accelerated particles, in particular the ions, which, because of their 
much larger mass, are relatively unresponsive to the applied electric 
field. Collisions between electrons and ions, acting in this way to limit 
the current that can be driven by an electric field, give rise to an 
important plasma quantity, namely its electrical resistivity, η
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Homogeneous (neglecting the electron pressure and velocity gradients along B)
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Homogeneous (neglecting the electron pressure and velocity gradients along B)
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Ohm’s law
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Plasmas as FluidsPlasmas as FluidsPlasmas as FluidsPlasmas as Fluids

• Single-fluid magnetohydrodynamics (MHDs)
A single fluid model of a fully ionized plasma  in which the plasma is A single-fluid model of a fully ionized plasma, in which the plasma is 
treated as a single hydrogynamic fluid acted upon by electric and 
magnetic forces.
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The magnetohydrodynamic (MHD) equation
Hydrogen plasma, 
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Plasmas as FluidsPlasmas as FluidsPlasmas as FluidsPlasmas as Fluids
• The magnetohydrodynamic (MHD) equation
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Plasmas as FluidsPlasmas as FluidsPlasmas as FluidsPlasmas as Fluids
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