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IV. GENERAL FEATURES

An examination of the effective potential ¥ (x) [Eq. (24}]
appearing in the mode Eq. (23} yields a wealth of information
about the nature of the eigenmodes. To maintain continuity
with the published literature, we again begin with the MHD
limit ¢ = 0. In Fig. 1, we have plotted ¥ (x) as a funetion of x
for several values of g,. It is straightforward to see: (1) For
80<0, ¥(x) is a monotonically decreasing function of x, re-
sulting in an effective potential hill at x = 0. Thus no local-
ized eigenmodes around x = 0 are possible for any €. Only
the continuum modes exist. (2) For g,>2, ¥ {(x) has a mini-
mum at x =0 [V (0) = — g, -+ 1], and approaches zero as
x7% as x goes to infinity implying a potential well at x = 0.
Since the potential ¥ (x) is negative everywhere, the equation
€ — V{x) = 0 has real solutions if and only if € < 0. Thus, the
real turning points, and hence the bound states, exist only for
€ <0. This is the discrete spectrum of GAE. Details for this
case can be seen in Ref. 8. Since there are no real turning
points for €50, there are no bound states, and only a contin-
uum prevails; € =0 defines the lower edge of this well-
known shear Alfvén continuum. (3) For 0 <80<2, Vix) has
considerably more structure with a maximum at x = 0 and
two minima at x = 4 {(2/g,) — 1]'/2 Clearly for €30, no
bound states are possible. This proves that regardless of the
value of g, €>0 always corresponds to the continuum
modes. In this range of g,, it is a little hard to determine the
criterion which allows the existence of discrete modes for
€ <0. The question has been dealt with in detail in Refs. 7
and 8, where it is shown that g, > (1/4) is required for the
discrete spectrum to be possible. The reason is, that although
minimas of the potential exist, they are not deep enough to
contain a mode.

The preceding discussion essentially sums up the
known results, which, of course, trivially follow from a study
of Egs. (23) and (24) with o = 0.

Figure 2 contains plots of ¥ {x) vs x for several values of
&0, and for a finite but smal value of o~10~2 We have
chosen o to be real for simplicity. The general nature of the
following discussion will hold for a realistic compiex o.
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FIG. 1. ¥{x} vs x for the MHD Hmit o = 0. The curves have different values
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There are several features which distinguish Fig. 2 fr
Fig. | (o = 0). The most important is the behavior of ¥ {x)
Xx—> 0. While for 0 =0, V{x}>0 as x—w, for finite

V{x}—x’. For large x, the potential is like that of a sim;
harmonic oscillator and implies bound states for all values
8o because the equation € — ¥ {x) = 0 always has real so;
tions. Thus the erstwhile MHD continuum for €0 &
changed over to a discrete speotrum. Depending upon 1
value of gy, the lowest eigenmode may be characterized by

eigenvalue € < 0. Thus, the distinetion between GAE and ¢
continuum hes disappeared. They are the parts of the sas
discrete spectrum; the lowest eigenvalue will be positive

negative depending upon the value of g,, which is due to ti
presence of equilibrium currents and w/w, effects.

From Fig. 2, it is also obvious that for positive g, tl
lowest mode will be localized in the potential well asous
x =0, and will not sample the form of the potential for lar)
x. Thus itsohuaoterisonlymﬂdlyaﬁootedbythepresem
of a. Sinee o is due to the dissipative processes (for exampl
Landau damping for a collisionless case), the mode will hay
very slight damping,

The case for g,<0 is altogether different. Since the:
modesmformedboenmeofthetumingpointsatlarge
{due to the term proportional to o), their mode structure ¢
well as the eigenvalue strongly depends upon g. As a resul
these modes are considerably more damped.

We remind the reader that Egs. (23) and (24} are in th
Fourier space x. The real spatial variable is ye=ir — rol/e
Sinee p =k ax and y are conjugate Fourier variable:
k,ad4xAy~ |, where Ax and 4y are, respectively, the width
in x and y. Therefore, the GAE modes {now correspondin
to the lowest modes for certain values of g,), which are nat
row in x, are refatively broad in y, possibly extending ove
most of the plasma. This justifies their name, global Alfvé
eigenmodes. The exact width, however, is a funetion of the »
number; Ar==ry/|m|, and can become quite small if Im|»1
The discrete modes lying in the MHD continuum, however
are comparatively broad in x (because of the smaliness of o
mdtheteforenmwiny.mmredspwc. these mode:
are strongly localized around r~r, (y = 0). This is to b
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