Equation Il... momentum equation

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

Cad F,=q(E+v x B)

F,=Mg

Momentum equation for a fluid element:; Ip % =f

@ |

mass density
(mass per unit volume)

acceleration  yolume force (force per unit volume)

* Acceleration: % Lagrangian derivative = OY |y v... Eulerian derivative

ot
+ VVolume force

gas pressure gradient force (collision-related): fp =-Vp

Coulomb force + Lorentz force (collision-unrelated; interaction with field): f.,, = n q (E +v X B )
gravitational force (collision-unrelated; interaction with field): f=n M g

collision-related): f, = p v {Vz v+ ,1% V (Ve v}} V: viscosity




Lagrangian derivative vs. Eulerian derivative
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Momen tum equa tion in MHD (simplified version... nonlinear term (v ° V)v is neglected)

' Proton's momentum equation (nonlinear term (»" « V)v" is neglected): | & f@
J -

nM = VP e (E4v x B)+f 7 f e am Y

C a v—»

collision force (microscale electric ﬁeld characterized by L)
= change in momentum (relative velocity) per unit time
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macroscale electric field
(eg EL'()nveL'tive == X B)

Electron's momentum equation (nonlinear term (v » V)v* i neglected):|
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| Conservation of total momentum via collision |
F "
f; + fP — 0 ( e—p % 7_ e) c
> | two-body model|
Add both equations...
8 e e e
nE(Mvp+mv)=ne(vp—v) xB—V(PP+P)
D (0 _ MHD
W 14 = J X B-V P _
Momentum eq. in
MHD p e
P =P + P :total gas pressure MHD
MHD . ) simplified version
J =ne (v —v°): current density (simp )



Nonlinear term of flow velocity: (v V)
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1st-order and even,r%gher-order
terms of M
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based on the Oth-order approximation of %

pMHD[gtvMHD + (VMHD.V )VMHD] _ jMHDX B_ VPMHD

Momentum eq. in MHD




