





















































































































RevisitingAlfre'nwaves in incompressible idealMHD

For incompressible ideal MHD

8 a F I 0

The dispersionrelation

Iwf how I IT I P thoto B I

Wh not E B

WE I VACos0 PHASEVELOCITY

O is 4 Bo I
VA Mfg ALIVEN VELOCITY

Wave is linearly polarized I is real
is a transverse fromcompressibility I isorthogonalto 4

Allowing compressibility wouldgive us

F I 0

so we need a equof state of theform

p pls

Compressional Alfvén Wave
























































































































For isothermal motion

P NKT p KI

LINEARIZED EQUATIONS

D B Tx utero
2 8 5 t F Iif 0

off So17.1 0

3 SoGUT IP I IxBi xBo

4 P YES

Assuming PLANE WAVE Solution e
i wt ET

8 in I in

Substituting operators

1
Using BAC CAB

D iWB ik x Ext i E B it i E ni Bo

2 ins t is I I 0

NOTE: We can also have 
adiabatic system.

Note: Introduce the 
first order perturbed quantities 

to the compressible MHD 
equations and linearize.

Note: Remember in 
case of incompressible 

fluids, density is constant but 
not here.
























































































3 info it IIP MILEXI xBT

i ng I ie p Ipo B I I B I

So w UT Ep MtIBIBi I E Bo I

4 P YES

The fluctuations in the magneticfield are orthogonal

to wave propagation vector

B 1 I Same as incompressible

fluids

Fluctuation in velocitymayhavecomponent along I
I I we it's not orthogonal

anymore Etui
instead it will depend on fluctuations in mass

density

Now, let's use these equations and find 
out the dispersion relations for different 

cases.



For limiting case T o

using equ of state
p s o

f can be neglected

Then we end upwith dispersion relation

Wh
WE Va II Vicoso 0

Sound wave Alfvein wave
MAGNETOSONIC WAVE

Question Why do wehave soundwave even if we
do not havepressure

It comes from Magnetic pressure

atE

I É Iva

10 s
VA VA Bo Bot

NOTE The magnetosonic

wave is isotropicandhas
the same phasevelocitywithAlfvein

Magnetosonic modes

Alfvén modes

Polar diagram 

for phase velocity



General case

We allow temperature i.e T 0

The modified dispersion equation will be the following

CI citri Civico Er vicoso 0

where Cs TE
ng my

J Ey CAVE I E INE ACSVICOTO

If the magnetosonic mode propagates along BY
i e 0 0

WE air and If
SOUNDWAVE AIFVENWAVE

If 0 900

WE Cit VI

FAST MODE

MAGNETOSONIC WAVE Alfvén wave
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lowB

ratis if
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Cs Va y Cs

t tCUI Ci VI

p S anger

IIdegenerate

If we compare three differentpolar diagrams for phasevelocities
we can see the slow mode starts to shrink as we decrease
Cs For the coldcase i.e Cs o it shrinks to a point

For lowB fastwavemode and Alfren wave merge 0 0 and
for high B slow wave mode and Alfren wave merge

IMPORTANT Sheared Alfren wave remains incompressible
even when we allowed compressibility
canbe derived takinga scalarproduct with I of

If theangleofpropagation is fixed the phase
velocity stays the same

Magnetosonic wave willpropagate 1 to the

magneticfield

All the waves canbe damped with finite
resistivity

Polar diagram for phase velocity


