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SPIRAL MODES IN GALAXY DISKS
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“In systems with strong differential rotation, such as is found ia all non-
barred spirals, spiral features are quite natural. Every structural irregularity
is likely to be drawn out into a part of a spiral. But this is not the phe-
nomenon we must consider. We must consider a spiral structure extending
over the whole galaxy, from the nucleus to its outermost part, and consist-
ing of two arms starting from diametrically opposite points. Although this
structure is often hopelessly irregular and broken up, the general form of the
large-scale phenomenon can be recognized in many nebulae. I am very well
aware that there are many systems to which this general picture does not
apply; you have seen quite a number of them in the account given by Mnrs.

urbidge, and it is well to keep this, as well as the existence of the large
class of barred spirals, constantly in mind. But at the moment I want to
concentrate attention on those galaxies in which a more or less continuous
pattern of the kind described can be discerned.

“It may be practical, at least in the present stage of knowledge, to sep-
arate the problem into two parts:

wmegp» () How did the spiral structure originate?
’? (4) How does it persist once it has originated? é—-

“In this connection an important question is whether the arms in spiral
nebulae consist principally of gas or of stars. We know from the Z2l-cm
observations in the galactic system, as well as Irom numerous data on other
systems, that the interstellar gas is concentrated in the arms. But we do
not know with any certainty whether or not stars contribute in an important
measure to the mass of the arms. This, however, is one of the few questions
concerning spiral structure which could be answered by observations, Viz.,

by photometry of spiral galaxies in different colors.”
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Galaxies are inhomogeneous!

FHThETOle G (radial) inhomogensities A @aily incorporated in the -
standard approach to dispersive systemss. " T T o

@ A first step is that of considering the radial dependence of the
quantities entering the basic Dispersion Relation; in particular,
one has to make realistic choices for the various parameter profiles
characterizing the basic state (e.g., Q = Q(1))

(®  Then, each allowed wave branch on the propagation diagram
k = k(r) is associated with given properties for group propagation,
energy density, angular momentum density, action flux, etc.

(D At special locations in the disk the inhomogeneous system

may give rise to resongnces or to furning points (either orbital
resonances or locations where wave branches fnay merge). Of

special importance is the corotation radius r.,, where ® - m Q(1eo)
= 0, which is bound to be the location where waves are excited

(*) Especially at these locations, or, in general, in order to avoid
the limitations of the algeb_raic WKB description, one can take a
step back: |k —> - i d / dr.) There is no problem to match the
solutions across turning points and to include the role of \
resonances, where desired - 4‘\15—'

th x
£

(& A discussion of the inhomogeneous problem, possibly
directly on a differential equation, supplemented with the relevant
boundary conditions can lead to a proper understanding of the
g:_!_(_)l’:)ral modes

A slab model of the corotation region, which correctly captures some of the
important local instability mechanisms (the so-called homogeneous shearing sheet, see
Goldreich & Lynden-Bell 1965), considers instead a sort of "time-dependent
wavenumber representation”. This became very popular, and at one point became
also fashionable in the context of ballooning modes. For the e.m. plasma case great
attention has been placed on the problem of a proper matching with the outer

equations (see Pegoraro & Schep 1986). In the context of galaxy disks. such slab
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DISCRETE  SPECTRUM OF GLoeaL Spiear HMobes
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Focus ON BASIC STATES  SUBJECT TO

MODERATELY UNSTABLE MobES  OnLY {

sBo ~ 5B(a)

Qoo = 1500fr,/h = 227 Qo = 1000]r,/h = 249
A = 15% |ra/h = 396 A = 15% |ra/h = 431
rg =-20 |re/A = 057 rg = 60 .|ru/A = 030
Feul = 2.0 Fewd = 6.0
tm = 20 [J. = 0.6M rn = 20 |J, = 0538
Q. = 1500 Q. = 1008
p = 150 la, = 095 flp, = 138 o = 0001
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