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Abstract

In his paper "The persistent problem of Spiral Galaxies" H. Arp
criticises the standard theory of spiral galaxies and demon-
strates that introduction of plasma theory is necessary in
order to understand the structure of spiral galaxies. In the
present paper arguments are given in support of Arp's theory
and suggestions are made how Arp's ideas should be developed.
An important result of Arp's new approach is that there is no
convincing argument for the belief that there is a "missing

mass". This is important from a cosmoclogical point of view.



A. Arp's new approach to the theory of galactic dynamics

In what may be an epoch-marking paper, "The Persistent Problem
of Spiral Galaxies" (IEEE Trans. Plasma Sci., PS-14, Dec.

1986), H. Arp draws three especially important conclusions.

1. A careful analysis of the "generally accepted" density wave
theories shows that these theories cannot be correct. This is
important, because they have long prevented progress in the

field of theories of galactic dynamics.

2. Next problem is to fill the void which these theories

leave. Arp suggests that this may be done by plasma theories.

This is likely to be correct. However, his outlines of how this
should be done could be strengthened. He bases his arguments
mainly on the Chandrasekhar-Fermi paper (1953). With the dee-
pest respect for them, it must be stated that cosmic plasma
physics has advanced considerably during the thirty-four years
which has passed since its appearance. Especially, it has taken
a jump forward with the opening of the X-ray and gamma ray
octaves by space research which has given rise to a new model
of our cosmic environment, usually referred to as "Plasma

Universe".

3. The third conclusion is that there is no evidence for a

"missing mass". This will be discussed in D.

B. Plasma Universe

It is fortunate that in the same issue of IEEE Trans. Plasma
Sciences in which Arp has published his paper, he can find
advice how the new plasma physics should be used for developing

his ideas.



Indeed, the Special Issue Review paper by Fadlthammar with the
title "Magnetosphere-Ionosphere Interactions - Near Earth Mani-
festation of the Plasma Universe" could give much inspiration.
The development of Arp's theory may aim at an analogous paper,
for example, with the title "Galactic Dynamics as a manifesta-

tion of the Plasma Universe".

When preparing the suggested paper it 1s important to take

account of at least three basic processe.

(a) The decisive role of double layers (IEEE, the same issue,

p.779}). The existence of double layers in laboratory plasmas
was studied already by Langmuir in the 1920:ies. The existence
in space of electric fields parallel to the magnetic field was
predicted by Alfvén and Fdlthammar (Cosmical Electrodynamics
1963, Chapter 5.4.2). The theory of double layers in space has
been developed by many authors (for a survey see L. Block). One
of the first observational indications of electric double
layers in space was the discovery of an unexpected electron
distribution indicating an electrostatic acceleration in space
(McIllwain). Since then massive evidence of electric fields
parallel to the magnetic field have been accumulated. (For a
review see Fdlthammar 1986, IEEE, see also C.P. Ch. II:6,
especially Fig. II:22.)

We know now that in the magnetospheres there are double lavers
with voltage jumps of kV, in the solar atmosphere exploding
double layers of MV or GV (as seen from the solar cosmic
rays). Carlgvist has developed a theory of relativistic double
layers which in galaxies may accelerate particles up to at

least 1014 ev (see p. 794 in the same issue of IEEE).

(b) Double layers are very often produced by electric currents
and their basic role stresses the necessity of clarifying the

circuits in which currents flow. Space is filled by a network

0f electric currents (see C.P., Ch. II and III). Currents which
are homogenecus over large regions exist, but more often cur-

rents are "pinched" to thin ubiquitous filaments which are



observed almost wherever the resolution is high enough. Surface
currents - of the type observed, e.g., in the magnetopause, are

also very important. They give space a general "cellular'

structure. This is relevant for galactic theories. We know from
the magnetosphere that the chemical composition of matter may
be different on both sides of an interphase associated with the
current layer and it seems necessary that similar phenomena
exist also in interstellar and intergalactic space. (If such
layers also separate different kinds of matter the universe may
be symmetric with respect of matter and antimatter, see C.P.,
Ch. IV:9 and especially Ch. VI).

(c) Critical Velocity Phenomena, which produce an unexpected
high interaction between a neutral gas and a magnetized plasma

as soon as their relative velocities exceed a value Verpit

given by
_ 1/2
Verit ~ (2 evion/M)
(Vion = ilonisation voltage, M = atomic mass). This means that

the kinetic energy of an atom moving With the critical velocity
equals its lonisation energy. (See C.P., Ch. IV:6 and V.) This
effect has been decisive for the formation of the band struc-
ture of the solar system, and may play an important role also

in several galactic phenomena (Alfvén and Arrhenius, 1976).

C. Structure of the plasma universe

As shown in Fig.1, space should be divided into two different

regions: the reliable diagnostics region (out to the reach of

spacecraft) where it is possible to build what we mean by a

real plasma science, and regions outside the reach of space-

craft which basically are fields of speculation. They should be
approached by extrapolation of results from the "reliable diag-

nostics region".



Furthermore, it is necessary to distinguish between some dif-
ferent kinds of plasma (Fig.2). Two of them, "magneto-hydrody-
namic plasma" and "collisionless plasma", are listed in Fig.Z2.

"“Dusty plasma" is a third kind of plasma.

D. Symbioses between galactic observers and reliable diagnostic

physicists

Because galaxies are outside the field of reliable diagnostics
the theory of galaxies must be approached through a symbicsis
between galactic observers and magnetospheric-laboratory plasma
physicists. Arp's invitation to such a collaboration is cer-
tainly very welcome. However when making such extrapolations

there are two important caveats.

1. The magnetic field line reconnection approach is misleading
and obsolete and must not be used (see p. 779 in IEEE Plasma

Science Dec. 19B6, same issue).

2. Whereas it is true that all plasmas are ionized gases, it is
not true that what the astrophysicists in general mean by
"ionized gases" has very much to do with plasmas (see C.P. and
especially p. 790-792 in the IEEE issue). They use the concept
"jonized gases" in a very restricted sense viz to denote a
hypothetical medium that does not possess the complex proper-
ties of most real cosmic plasmas. Their "ionized gas" is a
medium which may be somewhat similar to the guiescent plasma
studied in externally heated cesium plasmas in the laboratory
Q-machines), but such a medium is observed only in selected

regions in cosmical physics.

Furthermore there are strong arguments for the view that a
study of plasma regions of different sizes - from the labora-
tory and the magnetospheres out to the Hubble distance - should
be based on the assumption that the basic properties of plasmas
are the same within very large variations in the relevant para-

meters. This means that essential plasma processes in galaxies



may be studied by extrapolation from what is known from helio-

spheric research.

The emission of two or more arms from the galactic nucleus,
suggested by Arp, resembles, to a surprisingly high degree, the
emission from the sun of high-density streams in the solar
wind. The observed flow of ionized material along the longitu-
dinal magnetic field of which Arp speaks is observed also in
the heliospheric case. The main difference seems to be that the
galactic gravitation plays a much more important role than
solar gravitation does. Furthermore, we need not have some exo-
tic mechanism (like black holes) to produce the ejection. A
system of electric currents and the production of torsional
hydromagnetic waves may be enough (see Belcher, 1971, 1987).
These effects can also transfer additional angular momentum to

the arms far out from the center.

E. There is no "missing mass".

The third and perhaps most important conclusion which Arp draws
is that there is no support for the claim that galaxies contain
the "missing mass" which the Big Bang believers now as always
are looking for. Indeed, for decades they have tried to find
new and increasingly exotic kinds of invisible mass. A discus-
sion of this is found in Ch. VI of C. P., which in some res-
pects is based on works by Arp (1966, 1977, 1978).

Conclusion

As guest editor in the IEEE "Special issue on Space and Cosmic
Plasma" Anthony Peratt has opened the dams for the new views on
our cosmic environment which space research data make neces-
sary. These will now inundate and drown much of the pre-sputnik
geophysics-astrophysics. Arp's new approach to the dynamics of
galaxies will probably be an important part of this Great
Flood.



References

Alfvén, H., 1981, Cosmigc Plasma, D. Reidel Publ. Co.,
Doordrecht, Holland (referred to as C.P.)

Alfvén, H., 1986, Double Layers and Circuits in Astrophysics,
IEEE Transactions on Plasma Science PS-14, 779.

Alfvén, H. and Fidlthammar, C.-G., 1963, Cosmical
Electrodynamics, Fundamental Principles, Clarendon Press,
Oxford.

Alfvén, H. and Arrhenius, G., 1976, Evolution of the Solar
System, NASA SP-345, U.S. Government Printing Office,
Washington D.C.

Arp, H., 1986, The Persistent Problem of Spiral Galaxies, IEEE
Transactions on Plasma Science PS5-14, 748.

Belcher, J.W., 1987, Lecture at the MIT Plasma Physics
Symposium, Cambridge Mass. (In press).

Belcher, J.W. and Davis, L., Jr., 1971, J. Geophys. Res. 176,
3534.

Block, L.P., 1978, A Double Layer Review, Astrophys. Space
Sci. 55, 59.

Block, L.P., 1981, Double Layers in the Laboratory and above
the Aurora, Physics of Auroral Arc Formation, Eds. 5.-I.
Akasofu and J.R. Kan., AGU, Geophysical Monograph 25,
American Geophysical Union, Washington D.C.

Block, L.P., 1983, Three-Dimensional Potential Structure
above Auroral Arcs, Proc. Sixth ESA Symposium on European
Rocket and Balloon Programmes and Related Research,
Interlaken, Switzerland 11-15 April, 1983, ESA SP-183.

Carlgvist, P., 1986, On the Acceleration of Energetic Cosmic
Particles by Electrostatic Double Layers, IEE Transactions
on Plasma Science PS-14, 794.

Chandrasekhar, S. and Fermi, E., 1953, Ap. J. 118, 113.

Falthammar, C.-G., 19B6, Magnetosphere-Ionosphere Interactions
— Near Earth Manifestations of the Plasma Universe, IEEE
Transactions on Plasma Science P5-14, 616.

McIllwain, C.E., 1975, Physics of the Hot Plasma in the
Magnetosphere, Eds. B. Hultgvist and L. Stenflo, New York
Plenum.



‘untsodwiAs soTsiyg PWSPTd LIW 243} 3 9In3jos] Ax

NOILVYI0dVYHLX3

(w) az15 boq

(*ssaxd ul) -ssel =bpTaque)
O3OoNPOIUT ‘SSIBATUN BWSETd 8yl burroTdxy L *bta

SOILSONDVIA 31gavin3y

<*—— SINI NI

<—NLIS NI|-»

H3dX3 —»

‘L86l '6 ‘uep

52 02 Gl 0l g 0
P R ]
JILIVIVOHILNI  ¥YI13LSHILNI FUIHAS0IT3H RELELLE AHOLYHOEYT
ADOTOWSO0D >7_omuo WS 0D
x 3¥N1ONYLS
= 3T RIS m s i f e s 9 16! T T T T T T T T Twvain
(s}
m ALI2073A
o 286 ——<———{ 2561 TV OILI4)
z [ 2¥61 ]
p=3
= _mmeTn 1861 0561 2061 oesgl §11n2Y419
m
3
Ml zser] LN
rE8l
(1861] T e— <! yo61 [ 6261 wmmm_m_,mm

3SHYIAINN

VASVd
INIY0IdX3

0561
0S81L
L4:1:1°

NNS

SJILSONSVIQ 378VI13Y

NOILVI0dYHLX]



Fig. 2. Properties of Magnetized Plasmas

General properties

FLUID PLASMA
(Magneto-hydrodynamic)

Similar to fluid

PARTICLE PLASMA
(Collisionless)

An assembly of particles
in ballastic orbits

Motion in electric field

Thermal motion superimposed
by electric field drift
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and electric field

Velocity distribution

Essentially Maxwellian

Often anisotropic
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very high energy particles:
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solar atmosphere MeV GeV
interstellar space possibly
1014 eV or more
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Comet coma Comet tails
Interplanetary,
interstellar,
intergalactic space
Radiates Thermal (essentially visual)| X-rays, y-rays (by collisions

radiation
No X-rays or y-rays

with residual particles)
"Noise" generation, especially
in connection with production
of high-energy particles

Energy transfer

Local theories correct
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because currents transfer
energy over large distances
(often much larger than size
of ballastic orbits)

Frozen-in magnetic field
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Fig. 2 Properties of magnetized plasmas. From the Introductory lecture at the MIT Plasma

Physics Symposium

Jan. 9, 1987, Cambridge Mass.

(In press.)
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