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Firstly, we neglet nonlinear term & viscous stress for simplicity.
proton's momentum equation:

Add both equations...

Simplified momentum eq. in MHD

2) Momentum equation

P
MHD

% P
p
+ P

e
: total gas pressure

mass conservation: 
!&

'

!t
+ !
!xk

&
'
u
'

k = 0

j
MHD

% e n u
p
– u

e
: current density

&
' ! u

'

i

!t
+ u

'

k
!
!xk

u
'

i

nonlinear term

Conservation of total momentum via 
p – e
e – p  collision

electron's momentum equation:

momentum change per unit time
= collisional force

!
!t

&
'
u
'

i +
!
!xk

&
'
u
'

i u
'

k + P
'
$ ik – !

'

ik – &
' Fi

'

m
' = m

'
vi
' $ f

'

$t c

d
3

v
'

v

F
'
= q

'
E + q

'
v # B = q

'
E + q

'
u
'
# B

M vi
p $ f

p

$t c

d
3

v
p

v

+ m vi
e $ f

e

$t c

d
3

v
e

v

= 0

!

!

u
p
– u

e

– u
p
– u

e

~ 2 " c

p – e

u
e
– u

p

– u
e
– u

p

~ 2 " c

e – p

#
MHD $

$ t
u
MHD

= – % P
MHD

+ j
MHD

& B

n $
$ t

M u
p
+ m u

e
= – % P

p
+ P

e
+ e n u

p
– u

e
& B

'

'

$
$ t
,

$
$ xk

 ... species-independent

d
dt

(

) $
$ t
+ uk

( $
$xk

 ... species-dependent

Fc
p – e
= – M n

u
p
– u

e

"c

p – e

Fc
e – p

= – m n
u
e
– u

p

"c

e – p

Fc
p – e

Fc
e – p

Fc
p – e

+ Fc
e – p

= 0 "c

e – p
= m
M

" c

p – e



* Nonlinear term & viscous term

Nonlinear term:
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Viscous term:

Here we use µ
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 because viscosity is proportional to m
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 Momentum eq. in MHD

' = proton, electron
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