
Lecture 2 Basic MHD Equations



MHD = Magnetohydrodynamics

Maxwell’s Equation:

ntdisplaceme Electric    

0

1
2

ED

BH

E

t
BE

B
t
E

c
jB

vv

v
v

vv

v
vv

vv

v
vvv

ε
µ

ε
ρ

µ

=

=

















=⋅∇

∂
∂

−=×∇

=⋅∇
∂
∂

+=×∇

∗
light of speed   /1031

typermeabili magnetic       104

typermittivi magnetic   10854.8
densitycurrent   :
density charge  :

8

00

17
0

112
0

smc

Hm

Fm
j

×==

×=

×=
−−

−−

εµ

πµ

ε

ρ
v

If  v << c  non-relativistic

plasmain    )
4

( 2
1

2 scaled l
ne

kT

jB

<<=

=×∇

π
λ

µ
vvv



)(  :law sOHM' BvEj
vvvv

×+= σ

A generalization of Ohm’s law

3-fluid model for ,         and neutral atom
−e +p
en pn n

( )[ ]

frequencygyration electron       

)11)(()(

0

2

0

e

e
in

enei

e

e

e
e

m
eB

BvEE

BBjBP
B

f

BjjBvjjv
t
j

c
m

en
pEen

=Ω

×+=

××−×∇
Ω

+

×+
Ω

+
Ω

++⋅∇+
∂
∂

=
∇

+

vvvv

vvvvv

vvvvvvvv
vvv

τ

ττ

1ty  conductivi electric  
plasma with moving reference of frame in the 

-ohm m
E
σ

v



If ignore electron inertia & 
pressure gradient:
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Induction Equation

Ohm’s Law:
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If no motion,
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Electric conductivity

Fully ionized collision- dominated plasma
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Energy equation:
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A few dimension less parameters

diffusion
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Example.  Sunspot
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A diffusing current sheet:

(a): the variation with time of the magnetic 
field strength;

(b): a sketch of the magnetic field lines at three 
times
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Lorentz Force
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(a) (b)

The magnetic field lines near an X-
type neutral point in equilibrium with 
no current

The resultant magnetic force (R) due to a symmetrically 
curved field (Equation 2.59)

The magnetic pressure P and tension T forces due to:

(a) A uniform field; (b) a unidirectional field whose 
strength increases along the x-axis.



Flux tubes and current sheets

Flux tubes
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A section of a magnetic flux tube

(a) (b) (c)

(a): a current sheet in the yz 
plane across which the magnetic 
field rotates from B1 to B2;

(b): a section across a neutral 
current sheet in the centre of 
which the magnetic field 
vanishes and the plasma pressure 
is P0; 

©: the reconnection of magnetic 
field lines by their passage 
through a current sheet. The 
central sheet bifurcates into two 
pairs of slow shocks.



Homework
1. Using reasonable parameters in solar photosphere, chromosphere, 

corona and in sunspots, calculate the following parameters: Alfven
speed, sound speed, and plasma ß.

2. Refer to Equation 2.3, assume a reasonable diffusion constant, and 
magnetic field strength, compute magnetic topology as a function of 
time using the induction equation (ignore the velocity term).


