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FIG. 1.—Al of the following figures show the blue (163a-0+ GG 13) photographs on the left, and the near-infrared (IV-N+Wr 33A) on
10 the nght. NGC 5194: N is to the right. NGC 628: N is to the 1op.
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QUR  TERCEPTION OF THE BAsic STATE OF

GALAXIES YRS CONSIDERABLY CHANGED IN THE

LAST TwWo DECADES AS A RESULT OF -THREE

MAToR SURPRISES

4. FLAT ROTATION CURVES &
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Figure 1: A 90-minute blue exposure (GG385+illa-J) of NGC 2997 made by 5. Laustsen at the

3.6-m prime focus in 1977.

Figure 3: Mosaic of NGC 2997 in K’ consisting of 6 fields each with a total of 15 minutes
exposure taken at the 2.2-m with IRAC2.
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RELATIONS BETWEEN ELECTROMAGNETIC
PLASMAS AND STELLAR SYSTEMS

IB

BASIC CONCEPTS AND MODELS
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This is not at all a new way of looking at stellar systems. In fact,
the work of Jeans (1915), with the goal of describing the motion
of a large collection of stars under the influence of their own
gravity forces, and the work of Chandrasekhar (1942), in setting
out the equations for the effects of collisions in a stellar system,
precede much of the work related to the Vlasov equation (1945)
and to the various transport processes in electromagnetic plasmas.
Thus it is no surprise that many scientists have contributed, either
explicitly or indirectly, to both fields of e.m. and gravitational
plasmas. As an example, the topic ofweakly collisional stellar
systems is nicely introduced in a book by L. Spitzer ("Dynamical
evolution of globular clusters”, 1987).

To be sure, the field of stellar dynamics is much less diversified
than that of e.m. plasmas. This is probably more the result of the
several cancellations related to the fact that g¢/m = 1 for the
gravitational charge, which limits the number of relevant
frequency windows, rather than the effect of the absence of the
complexity of the full set of Maxwell's equations (with classical
gravity, we only need to keep track of the Poisson equation).

The study of galactic dynamics usually proceeds through the use
of some model equations, which turn out to be very rich in
quantitative predictions. Most papers deal with the study of a
one-component distribution function subject to the coupled
Vlasov-Poisson equations or of fluid equations supplemented by a
barotropic equation of state for a single gravitational fluid._A

major groblem is the adequacy of the adopted model equations in
escrbing a specific, complex physical system, such as a galaxy.
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COMPARISON WITH ELECTROMAGNETIC PLASMAS:
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FIRST PHYSICAL MODELS AND BASIC EQUATIONS

* FOR SEVERAL PURPOSES, A FIRST USEFUL MODEL OF A I

GALAXY IS THAT OF A COLL >>> 1 STARS IN Nﬁ{\‘j[o

MUTUAL GRAVITATIONAL INTERACTION.
(IN REALITY, THE DISSIPATIVE INTERSTELLAR MEDIUM H o« M
PLAYS A CRUCIAL ROLE IN THE DYNAMICS OF THE DISK) lyos <

COLLISIONALITY: LARGE STELLAR SYSTEMS ARE

GENERALLY AND FAR FROM ]
YN IBR ’
(> IN LINE WITH THE CASE OF HIGH
IEMPERATURE PLASMAS ) Chamdnasckhan

TWO LIMIT DESCRIPTIONS USED:

1)  CONTINUUM LIMIT: ONE-PARTICLE DISTRIBUTION
FUNCTION f (x,v,t}) GOVERNED BY VLASOV + POISSON
(MEAN FIELD THEORY) Jeoms

2) ILBORY SIMULATIONS
(BUT EACH PARTICLE' REPRESENTS AT LEAST 100,000
STARS OF THE REAL SYSTEM ! -—-> INHOMOGENEITIES 727
FLUCTUATIONS ??? RELAXATION 277 RESONANCES 777)

FLUID MODELS |
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( how did we get to the current state? in the large class of equilibrium
models that can be constructed, can we identify those that are violently

unstable and rule them out as unrealistic? )

RESPONSE TO EXTERNAL DRIVING
( e.g., by tidal interaction )

TRANSPORT PROCESSES AND LONG TERM EVOLUTION
( ---> very hard, even for the cases of electromagnetic plasmas where

a large body of experimental data is available !)  Khoauzhi
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II. Efuilibrium and stability

ELLIPTICALS SPIRALS
\? |
Axisymmetry? Basic sta}g/ generally well
Triaxiality? represented by
A significant fraction of E's axisymmetric
may be well represented by a disk embedded in a
spherical basic state spheroidal bulge-halo

Kromdom. > ( kmﬂor:) << |
Kodned Kodad 7 dask
'{:"":3_ Ellipticals are hot, pressure Disks are cool, rotation
v"': 3 i dominated equilibria supported equilibria
5
Complex orbital structure, "Simple" orbital structure,
many orbits cross the whole most orbits are confined to
stellar system thin annuli
2
M Mo Maice /M e

(dask  suotle: is Llet, &
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Axisymmetric current sheets, where the magnet
ing waves. In the limit where the effects of magn

ABSTRACT

ic field direction is Inverted, are shown (o be subject to bend-
elic reconnection can be neglected, the modes that are found

can be identified as a new type of shear-Alfvén Waves. The presence of 3 wind, ie, of a plasma Streaming
motion, in the current sheet is taken mto account, and the relevance of these waves to the observation of

magnelic polarity sectors in the solar wind and to other astrophysical environments, such as Planctary magne.-

tospheres, is suggested.
Subject headings : plasmas — Sup- sofar wind

Fic,, L.~Top viewofan m = 1 bending wave In this example. which could represent a configuration with %o magnetic sectors. the lines of nodes (solid lines)

Bave g spiral configuraton XmamR

N IRE " equatorial ~ plane along the dashed circle would see (wo

Kty reversals while crossing the lines of nodes, In the

“hadey Tegion the current sheet is bent upward. and rthe observer would be below i1, In the other region the current sheet 1s bent downward. and the obscrver would

above 1
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