
 

An introduction to ALFEN waves
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Here we aregoing to use the linearization technique

by introducing small perturbation
Let's assume our steady state solutions are in the

following form
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PERTURBATION

B BotBT I 0th f fo tf p Pott
Bo BT and similar for all the quantities

LINEARIZATION Onlylineartermswillsurvive

Now substituting the perturbed quantities in the main

set of equi andignoring higher order terms similartotheDynamic
SOLUTIONSwelearned
earlier

After linearization
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It will allow us to rewrite the time and spatial
derivatives in spectralform
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Using the above expressions we can rewrite our linearized

equations

usingBAC CAB

IWBT TEXCUT Bo É if B I i Iii B
i we 0

in it 0

if wie IEP Imo Ext x if

Assuming I is real and w complex we can write from the
incompressibility condition

I t I i.e the wavevector is 1 to the fluctuations
in velocity TRANSVERSE

Our continuity equ gives us

f to which alsomake sense becauseof
our incompressibility
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Now in equ the second term on RHS
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implies perturbations in B are parallel to perturbations in Is

Themagnetic field will oscillate
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Let's take the second term on RHS
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putting it back in and multiplying i on bothsides
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REARRANGING
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Now we already chose I to be real and we have

the same freedom to choose UT to be real Hence

ly way the above equ.gg is valid if the
individual coefficients are zero
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We also have

y 1 y from incompressibility

implies the waves are transverse and referredas
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GROUPVELOCITY ENERGY

84 Me w

W VIKI Considering Bo BOE

W I VaKz

DKW I VAE

important thing to notice thegroupvelocity doesnot depend
on I instead it is always along the background magnetic
field To
Therefore the propagation of information and energy is always
along the background magnetic field line

Now lets get back to equ considering the

coefficient on Rites
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This is equivalent to EON OF STATE for incompressible MHD



We can write P P BT

The pressure will depend on polarization of thewaves
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Remember all the velocity is dueto ÉxB in the
plasma V ÉY

ENERGY DENSITY FOR SHEARALEVINWAVE

Ratio of electric and magnetic field energy
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From FARADAY'S LAW IKXÉ IWB



For SHEAR ALIVEN wave
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Therefore the electric energy is negligible in comparison

to magnetic field energy
W N C

Va

K

wit
store

Ig
Igrigine

MEEEE



PLASMA B and ALFVEN WAVE
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The assumption of incompressibility also assumes that
all velocities of propagation are well below soundspeed
Which means B 721
But in practical B Ccl or Bel Therefore
we may need to thinkabout VA


