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This brief note shows that the ion fluid momentum reduces to the Ideal Ohm’s Law when the standard ordering ωpe >>
ν̄ei holds for the non-relativistic Braginskii Coulomb collision frequency.

The ion momentum equation reads,
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where the equilibrium-averaged Braginskii electron-ion colli-
sion frequency,
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Unlike in the electron case no ad hoc relativistic modifications
are required to obtain the Ideal Ohm’s Law, only the standard
plasma ordering,

ωpe >> ν̄ei (3)

and the Z-pinch ansatz,

u⃗i = ui(r)ẑ (4)

The electron plasma frequency is,
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so that with quasineutrality,

ne = ni (6)

we have for the ion momentum equation,
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Dividing both sides by 1
ω3

pe
, we obtain,
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the collisional term then disappears because of the aforemen-
tioned non-relativistic ordering. Similarly, the inertial forces
on the LHS will as well because of the Z-pinch ansatz. This
leaves,
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Let us multiply through by ω2
peν̄ei, obtaining,
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so that for sufficiently small pressure gradients we can elimi-
nate the term on the RHS asympototically, yielding,

meε0

e
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which requires,

E⃗ =−u⃗i × B⃗ (16)

linking the MHD flow with the two-fluid drift velocity then
requires stationary electrons because for non-relativistic plas-
mas the MHD flow is naturally very close to the ion flow,

u⃗ ≃ u⃗i (17)

and with stationary electrons the same is true for the two-fluid
drift,

U⃗ = u⃗i − u⃗e ≃ u⃗i (18)

the physical picture behind this is that when the electrons are
oscillating extremely fast about a central point, then from the
perspective of the ions their motion is so fast that in an average
sense do not appear to move from this central point.
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