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Motivation



Outline

• Ideal MHD waves: different representations and 
reductions of the linearized MHD equations, obtaining 
the three main waves, dispersion diagrams

• Phase and group diagrams: propagation of plane 
waves and wave packets, asymptotic properties

• Effects of inhomogeneity
– Continuous spectra

– Instability

• Resistive MHD spectrum
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Example 1

Complete ideal spectrum of 
a constant current 
cylindrical plasma column 
for n = 1, m = -2, k= 0.1. 
Three branches occur: fast 
and slow magnetoacoustic
and Alfvén waves. Negative 
values of 2 indicate 
exponentially growing 
instabilities.
[from Kerner 1989]



Example 2

Nonlinear evolution of an internal kink mode for finite 
resistivity = 10-6. (a) Contour plots of the magnetic flux 
with a pronounced  m = 1 island; (b) longitudinal current Jz
as a function of the radius in the plane z = 0 showing a 
current sheet at the rational surface q = 1.0.
[from Kerner 1989]
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Conclusions

• MHD wave and instability theory is mathematically
sound

• Inhomogeneity leads to continuous spectra & 
instabilities

• Other effects, such as
– Dissipation
– Background flow
– Nonlinearity
– Partial ionization, etc.

complicate the MHD wave theory and its
applications, e.g. to the solar corona

• Nevertheless, nice results are obtained, e.g. in coronal
seismology & CME initiation (cf. later this week)



More in…

“Advanced 
Magnetohydrodynamics:
with applications to laboratory 
and astrophysical plasmas",
J.P. Goedbloed, R. Keppens and
S. Poedts
Cambridge University Press, 2010.
ISBN-13: 9780521879576 (hardback),
ISBN-13: 9780521705240 (paperback).



Conclusions

Thank you!


