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e plasma WAVES and INSTABILITIES play an important role. . .

- in the dynamics of plasma perturbations
- iIn energy conversion and transport (without moving the plasma >< particles)
- in the heating & acceleration of plasma
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e plasma WAVES and INSTABILITIES play an important role. . .

- in the dynamics of plasma perturbations
- iIn energy conversion and transport (without moving the plasma >< particles)
- in the heating & acceleration of plasma

e characteristics (I, A, amplitude. . .) are determined by the ambient plasma
—> can be exploited as a diagnostic tool for plasma parameters, e.g.

- wave generation, propagation, and dissipation in a confined plasma
—>  helioseismology (e.g. Gough '83)
MHD spectroscopy (e.g. Goedbloed et al. '93)
- interaction of external waves with (magnetic) plasma structures
—>  sunspot seismology  (e.g. Thomas et al. '82, Bogdan '91)
AR / coronal seismology (e.g. Nakariakov et al. 2000)
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Finite homogeneous plasma slab

e equilibrium: By = Bpe-
-with  pg, po , By = const

- enclosed by plates at * = *a @ ® 2
A
e normal modes: ~ exp(wt) 02
. ¥ fO
—  eigenvalueproblem
e plane wave solutions ~ exp(k - ) __,,_/{25\0\\ A
(ky = 7 n isquantized) = =TT __ T 02
-k,
= three MHD waves: 7634821 01284387 (n)

FMWs, AWs, SMWs

Dispersion diagram w? = w?(k,) for k, and &, fixed



® the eigenfunctions are mutually orthogonal :
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g, e Remark: for 6 = 0 the FMW is
R polarized almost perpendicular to EO but
e ‘ in the (/2, éo)—plane

- BO’ “ —> corresponds to the direction normal
to the magnetic flux surfaces in the
By iInhomogeneous plasmas discussed below
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(a) Dispersion diagram w? = w?(k,) for k, and k. fixed; (b) Corresponding structure of the spectrum.
® the eigenfrequencies are well-ordered :
2 2 2 2 2
0§w8§w30§wA§wa§wf<oo

—> crucial for spectral theory of MHD waves!
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(a) Dispersion diagram w? = w?(k,) for k, and k. fixed; (b) Corresponding structure of the spectrum.

® discrete eigenvalues of the fast subspectrum monotonically increase, so that

2

k— 00 k,— 00

wp = lim Wf lim k2(b° + ¢?) = 0o isaformal cluster point
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(a) Dispersion diagram w? = w?(k,) for k, and k. fixed; (b) Corresponding structure of the spectrum.

® The eigenvalues wg of the Alfvén subspectrum are infinitely degenerate , so

that

%24 = lim cug = wg = kﬁbQ
k,—00
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(a) Dispersion diagram w? = w?(k,) for k, and k. fixed; (b) Corresponding structure of the spectrum.

® slow wave subspectrum monotonically decreases with a cluster point at

b2c?
k,—00 b* + ¢
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e three MHD waves exhibit a strong anisotropy depending on the direction of the

wave vector £ with respect to the magnetic field B

@

V24 c2
\f

Friedrichs diagrams: Schematic representation of (a) reciprocal normal surface (or phase diagram) and

n
& A
b|c > B
slow \ \
Alfvén faat

7

®

(b) ray surface (or group diagram) of the MHD waves (b < ¢).

Vb2+ c2
02
> B
slow ]
Alfvén
fast




e —> In the corona the FMWs are the only waves that are able to transfer energy
MHD wave types across the magnetic surfaces

Wave generation
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Friedrichs diagrams: Schematic representation of (a) reciprocal normal surface (or phase diagram) and
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(b) ray surface (or group diagram) of the MHD waves (b < ¢).
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Finite inhomogeneous plasma slab

o By = Byy(r)ey+ Bo.(x) ez, po=po(w), po=po(r)

® influence of inhomogeneity on the spectrum of MHD waves?
= different k£’scouple =  wave transformations can occur
(e.g. fast wave character in one place, Alfvén character in another)

—> two new phenomena, viz. instabilities and continuous spectra
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(e.g. fast wave character in one place, Alfvén character in another)

—> two new phenomena, viz. instabilities and continuous spectra
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® wave or spectral equation can be written in terms of
{=ep-E=&, n=iey &, CEieﬂ - &
= eliminate 17 and ( with 2nd and 3rd component (algebraicin 7 and ():
d N d§ )
| ol = ) [ € =0

dx D dx
(Hain, Lust, Goedbloed equation)
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e the coefficient factor [N/ of the ODE plays an important role in the analysis

2

—> may be written in terms of the four w~’s introduced for homogeneous plasmas:

2 2 2 2
N 9 o W —wy(x)][w” —wg(z)]
5 =P+ ) > _ 2
|w? —wip(r) ] [w? = wiy(2)]
where
2 _ 212 _ 2 2 _25202_ P 2
wA(x>:fb:F/p7 wS(x): b2—|—c2:’yp—|—BQF/p’
4 F2p2¢2
W?o,fo(@ = %k8<b2 +c)| 1+ \/1 - 202 + 2)2
—> only two continuous spectra (2 apparent singularities)
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e the coefficient factor [N/ of the ODE plays an important role in the analysis

—> may be written in terms of the four w?s introduced for homogeneous plasmas:
2 2 2 2
N 2, o9 W —wi(@)][w —ws(z)]
5 =P+ ) > _ 2
|w? —wip(r) ] [w? = wiy(2)]
where
2(>_f2b2_F2/ 2()_ 2b202 _ TP F2/
WpA\T) = — P Wglx) = 1)2—|—62:’yp—|—32 P
4f2b2c2
W?o,fo(@ = %k8<b2 +c)| 1+ \/1 - 202 + 2)2
—> only two continuous spectra (2 apparent singularities)

—> the four finite ‘limiting frequencies’ now spread out to a continuous range

{0?) {03} 0f = oo

— — — I — I i )(02




Motivation

MHD wave types

Wave generation

Resonant abs.
Phase mixing
Conclusions

Discussion

Departement Wiskunde

e logarithmic contribution in &-component

—> but the dominant (non-square integrable) part of the eigenfunctions:

1
gA%Oa UA%P D)
T — x4(w?)
Es~ 0, ns ~ 0, (s =P
1.0
.o Re(Gy
0.8 —
0.4 —
0.2 —
Q.0
a.0 a.2 Q.4
:
2.5 I
- RE(EJJ
1.5 — -
1.0 — —
T /_
0.0 J |
a.0 a.2 Q.4 Q.8 0.8 1.0

+ Mw?) 6(z — za(w?)),
1

T~ 25 + AMw?) 6(x — xg(w?)),

0.14

Im(E,)

0.08— —

0.05— —

0.0 ﬁ——
0.5 — —
1.0

0.0 0.2 0.4 0.8 0.8 1.0

Typical (diss.) shear Alfvén wave solution in inhomogeneous slab: nearly-singular behavior .
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