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Numerous examples are cited of galaxies whose forms stand in contradiction to the concepts
held on their mechanical origin, particularly in reference to the outflow of matter from the
galactic nucleus. These forms, many of which were unknown until very recently, are remi-
niscent of magnetic phenomena, of the disposition of stars along random and varying lines of
force. However, certain facts and arguments challenge the hypothesis that the magnetic field
wholly determines the structure of a gaseous galaxy from which the stars subsequently arise
along these lines of force, those being the stars primarily responsible for defining the galactic
structure as it stands at present. This article is based on the Morphological Catalog of Gal-
axies compiled at Moscow, and on the associated index file of photographs of 7,000 flattened
galaxies.

Introduction difficult to make references in the literature to

New light has been shed recently on the proba-
bility that magnetic fields are present in galaxies.
These magnetic fields were first invoked to account
for the local polarization of light by dust nebulosities
whose particles were necessarily oriented in a spe-
cific way. The magnetic field of a local character
was also enlisted in order to explain the filamentary

uncatalogued galaxies selected in order to provide
confirmation of our assertions. The illustrations
in this article are taken from the album of photo-
graphs of 7,000 galaxies which we compiled (no
elliptical galaxies appear in this collection). They
are magnified 17 times larger than the objects in
the Palomar Sky Atlas.

structure of gaseous and dust nebulae. Finally, the There are widespread views on the mechanical
magnetic field was found necessary in galaxies in origin of spiral arms, and in particular on the point
order to account for synchrotron emission at radio that spiral arms, and the entire disk component as
frequencies. well, must originate in the matter flowing out or

On the other hand, Chandrasekhar and Fermi expelled from the nuclei. The study of the structure
[1] found that an entirely modest magnetic field is of the disk components of galaxies rules out, in our
fully capable of stabilizing the gas spiral arm of a view, any possibility of a mechanical formation of
galaxy against gravitational perturbation. such structures, and argues against their formation

Independently of all these contributions, we from matter which was or is contained in the galac-
arrived several years ago at an explanation of some tic nucleus The activity of galactic nuclei alluded
structures in galaxies which seem to be consequences 0 Py V. A. Ambartsumya does find some confirma-
of the motion of gases in a magnetic field; this ex- tion, as does the peculiar nature of those nuclei.
planation summed up our work in studying the mor- However, the nature of the nuclei, it appears to us,
phology of many thousands of galaxies. The labori- does not validate the contention that they are ade-
ous work in compiling and publishing the Morpho- quate to account for the formation of the innumerable
logical Catalog of Galaxies [2] has prevented us up structures inside the disk population of the galaxies.
to this point from sharing these observations. More- We list below the facts on which our arguments
over, prior to the publication of the Catalog, it was are based.
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m1l, Rectilinear Formations in Galaxies

e To begin with, we shall cite the relatively few
icases which might possibly validate the activity of
ionuclei in the form of the abovementioned rectilinear
E:formations in association with the nucleus, and
“'reminiscent of jets or outflows. (Confirmation of
outflows or jets proceeding from the nuclei could be
provided, of course, only by determining their radial
velocities.)

We might interpret, as symptoms of activity on
the part of galactic nuclei, the rays emanating from
the nucleus, and generally visible solely within the
central amorphous lens of the galaxy on the Palomar
Sky Atlas. Were it not for the fact that the central
regions of the galaxies failed to show up clearly
in the prints in that Atlas, there would have been
many more such examples.

We list, with their MCG numbers, the following
objects we found:

10-17-7 rays inside a patchy lens, not
visible in red light;

9-20-100 nucleus with jet;

9-18-8 very long, tenuous streamer with
condensations;

8-2-22 jets protruding from the nucleus;

8-17-35 features an extended streamer;

8-40-6 ray emanating from the nucleus;

1-56-1 rays in lens and in halo;

9-16-10

Z:ig:gg feature a radiant lens.

9-16-58

However, the presence of such radial forma-
tions, and a fortiori the presence of spiral arms,
could hardly be accounted for successfully by a jet
of superdense bodies. This would require a uniform
conversion of the latter along the entire trajectory
into more conventional material in the form of stars
and interstellar gas. On the other hand, it is not at
all clear why extended straight rays should be found
in some instances in disk-type systems consistently
executing a comparatively vigorous rotation, and why
curvilinear formations should be encountered in other
instances. This difficulty carries over into the hy-
pothesis of an efflux of ordinary gases from the gal-
actic nucleus. Note that we are referring here not
to the outflow of a small quantity of gas from the
nucleus, which appears to be a fairly commonplace
occurrence, but to the outflow of such large quanti-
ties of matter as might be capable of forming the
extended rays or spiral arms mentioned above.
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The radiating forms alluded to here indubitably
consist of stars rather than of gas, and this should
be verified from the spectrum.

It must be emphasized that the radial streams
are not the only rectilinear formations observed in
galaxies. There also exist long rectilinear fragments
remote from the nucleus and extending parallel to
the tangent to the nucleus. Their composition is the
same as in spiral arms. We termed such formations
"tails" in our earlier writings [3]. Some of the
most remarkable tails are found in NGC 2805, 3124,
and 7489, MCG 0-2084 (strip on the disk), and also
in NGC 509, 1086, 3968, 5236, 6184, 1232, 3359,
5947, MCG 9-21-62, 4-20-18, 5-6-34, etc. Their
length and thickness are about the same as that of
the spiral arms in the same galaxies.

A tenuous tail in NGC 3147 lies almost perpen-
dicular to the outer arc, and intersects it.

Even more astounding are the straight but
shorter formations acting as connections or corri-
dors linking adjacent spiral arms. These are situ-
ated at a large angle to the arms and even intersect
them. Examples of these are in M51, NGC 2776,
3310.

In view of all those considerations, and without
refuting the idea of a certain amount of activity on
the part of the galactic nuclei and of the possibility
of a moderate quantity of gases escaping from the
nuclei, we are inclined to the view that the luminous
radial formations, as well as the other rectilinear
formations consisting of stars, owe their origin not
to the galactic nucleus but to some independent
process within the disk population.

2. Elements of the Structure of Flat-
tened Galaxies and Their Transforma-

- tions

In disk type galaxies we may observe the fol-
lowing elements of geometrical structure: nucleus,
lens, disk, bar, rings, arcs, spiral arms, tails, and
radial streamers, described above.

The most important conclusions to be derived
from a comparative study of the shape of many
thousands of galaxies are the following.

1. All these elements in the geometrical struc-
ture are fully independent and are encountered in
the broadest variety of combinations.

2. There are complete sequences of transition
from some elements into others among various
galaxies, and there are forms of transition of a sin-
gle structural element into another within the same
galaxy.

No boundaries intervene between the nucleus
and lens and the disk, the nucleus or lens and the
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bar. These differences and the possible mutual
transformations of the above structural elements
are probably due to mechanical factors at work.
The nucleus, lens, disk, and bars — any two of them
Occasional reference has been made in recent
years to the presence of spiral arms in the interior -
of the lens (or perhaps even in the interior of the
nucleus ?). In reality, only dust spirals are involved
in these instances. More precisely, we are dealing
here with short arcs nonconcentric with the center
of the nucleus. Moreover, whenever mention is
made of spiral arms, we have in mind the massive
arms made up of stars in which the mass of the gas
and dust present constitutes only a small fraction
of the total mass of the arms.
From the MCG, we cite several examples of
the transformation of one structural element to
another as the distance out from the center of the

galaxy increases:

10-19-41 one arm transforms to a ring;
9-15-36 arc transforms to a spiral
9-21-24 one arm transforms to a ring;
9-25-38 several arms tend to form a ring,
but then diverge;
1—3—3} arc transforms to a spiral, and the
2-4-3 latter transforms to a ring;
1-9-2 ring transforms into spirals
winding in different directions;
1-37-31 filament transforms to a bright
spiral;
0-7-79 ring transforms to a spiral;
0-22-22 spiral transforms to a ring;
2-58-60 bar transforms to spirals.

Rings both interior and exterior exist in both
early and late type galaxies, and not only in trun-
cated spirals but in ordinary spirals as well.

The arcs are of different length ranging up to
a completely closed ring. They can also be seen at
the terminations of bars in barred spirals, and in
ordinary spirals as well. In galaxies featuring a
large number of arms, the latter, in NGC 2841 for
example [4], consist of an array of short arcs,
properly speaking.

Instances of the transformation of spirals into
a ring are encountered quite often both in ordinary
and barred spirals, e.g., in NGC 977, 2935, 3431,
3861, 5239, 6233.

In the galaxy 14116™M6-26°26'(1950), one of the
two spiral arms transforms to a slender and almost
straight line.

Thus, the structural elements: arc, ring, spiral
arm, and tail, are not sharply defined and easily
transform from one to another. Observation of
straightened spiral arms in interacting galaxies
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renders the inverse transformations also probable,
i.e., the transformation of tails, and perhaps even
of rays, into spiral forms or into arcs.

In addition to the points discussed above, we
must also stress the existence of galaxies lacking
a discernible nucleus, and of nuclei not surrounded
by a disk population. Examples of galaxies lacking
a defined nucleus are found in the MCG:

12-7-28 serpentine form;
11-12-25  structured disk;
10-15-69

9—15—105} strange shape;

9-23-38

9-23-71

9-26-1 ] ring;

2-59-24

1-60-13

0-8-9 ‘ disk.

1-34-14

In the MCG, we cite many galaxies whose im-
ages appearing in the Palomar Sky Atlas are barely
distinguishable from stars. Their nature remains
unknown to us, since they are almost all fainter
than 14™ and extend to less than 0.4',s0 that we have
been unable to photograph them on an adequate scale.
On the other hand, Zwicky [5] reports the discovery
of galactic nuclei with no shells, spectral evidence
indicating that transition stages are forming from
the usual compact nuclei to quasi-stellar radio
sources with emission lines in the spectrum. The
precise way in which the structure of these nuclei
differ from compact elliptical galaxies like M 32
is still unknown, however.

3. Evidences of Magnetic-Like
Phenomena

In Sec. 1 and 2, we cited some facts and argu-
ments favoring a mechanical origin of flat linear
(long) formations, in particular on account of their
nuclei. Now we proceed to cite some other facts
arguing against mechanical causal factors, and in
particular against the major role ascribed to rota-
tion, and favoring instead magnetic-like phenomena
in the disk region.

Involved Entanglements of Spiral Arms. Bril~
liant examples of a complicated and intricate en-
tangling of spiral arms are presented by the galax-
ies NGC 309, 3486, 4254, MCG 13-6-6, 10-25-23,
2-58-41, 0-2-112,among others. Particularly in-
structive are the instances in which the spiral arms
extend across the ring and propagate beyond it. Such
is the case with 0-4-100 and 1-22-33.

These entanglements are easily realizable in
gases flowing along entangled lines of force of a
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Figs. 1-10. 1) NGC 2805, showing a thick tail above, a gamma hook pro-
truding from the central bulge, and one of the arms completely closed;

2) NGC 4254,entangling of arms above; 3) NGC 1957, exterior not parts
of a ring, nor ordinary arcs, nor spiral arms, but something intermediate,
with major axes of interior and exterior parts almost perpendicular; 4)
NGC 5354, both arms emerge from one end of the central bulge and
transform to rings; 5) NGC 3124, thick tail at bottom right; 6) NGC 3310,
extremely tenuous straight filament cuts across the arc; 7) NGC 2276,
entangling of arms; 8) NGC 309, entangling of arms and straightened-

out extensions; 9) NGC 6962, inception of spiral arm at tangent to lens
bulge; 10) MCG 5-28-64, arms begin tangential to the disk, as in No. 8
and in the preceding object; no existing classifications adequate.
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Figs. 11-24. 11) IC 2133, closed loop on one side only; 12) NGC 74179,
figure -eight in barred spiral; 13) NGC 7677, figure-eight; 14) MCG 10-
24-51, figure -eight; 15) NGC 5239, figure ~eight with round central body;
16) NGC 2927, lower arm detached, rapidly reversing direction by 180°%;
17) MCG 6-25-117, single arm forming a remarkable loop; 18) upper arm,
as in No. 16, reversing direction by 180°; 19) Galaxy 14h16m g-26°26"
(1950), one of the arms straightening out; 20)NGC 6190, lone bright arm
envelopes galaxy in a wave-like configuration; 21) NGC 523, principal
arm completes a closed loop; 22) NGC 5504, opposing spiral arms;

23) NGC 2959, opposing spiral arms above; 24) MCG 0-25-10 and 11,

in both components we see pairs of spirals winding in the same direction.
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Figs 25-36. 25) NGC 428, short opposed arms and loop; 26) NGC 2782,
intersection of arms and opposed exterior spiral arm; 27) NGC 3938, en~
tangled arms; 28) NGC 1073, straight lower arm, left upper arm changing
the sign of its curvature; 29) NGC 5861, clearly defined gamma hook on
right, lower arm transforming into an interior ring; 30) NGC 2552, a
gamma hook on the left, an ordinary spiral arm on the right; 31) MCG
9-16-24, extremely abrupt transformation of the exterior spiral arms into
a ring, apparently noncoplanar with the interior arms; 32) NGC 5339,
opposed arms and rotation of one of the arms upward; 33) NGC 3794,
gamma hook above; a specimen of a cuttlefish ("karakatitsa™) type
galaxy; 34) MCG 0-31-2, gamma on left, wispy branching on right;

35) NGC 4935, gamma transforming into a closed ring; 36) NGC

799, beautiful gamma on the right and an underdeveloped gamma on the
left, lower arm normal.
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magnetic field. The concept of the ability of lines
of force of a cosmic magnetic field to become en-
tangled is now generally accepted, since the field
lines are known to become frozen into the ionized
gas.

Loops and Figure-Eights. Magnetic phenomena
(reminiscent of schoolroom experiments with mag-
net and iron filings, and also resembling the arcs
and plumes of solar prominences and the solar
corona) are clearly in evidence in any number of
galaxies. These are cases where the spiral arms
form loops or figure-eights. In the MCG, such
cases are marked by arrows followed by the num-
eral figure 8 on the galaxies so described . The
spiral arm, on extending toward from the central
bulge, tends to form a ring, but then curves back
to the central bulge and sometimes even reassumes
contact with the latter.

Loops and figure-eights of this description are
formed by the spiral arms in NGC 1207, 3861, 5239,
7677, MCG 2-58-60, 1-7-23, 10-24-51, and in many
other galaxies.

Especially astounding is the example presented
by galaxies in which the arms emerge from several
points on the central body and re-enter at diame-
trally opposed points. These sometimes take the
form of "ansae" or "handles" attached to the cen-
tral body. They are so bright out to their entire
length that nothing definite can be said as to which
part is the root and which part the termination of
the arm. Examples are NGC 2633, 2805, 5230,
MCG 10-25-23, 0-2-105, 0-25~27, 12-16-9, 6-7-16.

Here we are dealing with an arm emerging from
one "pole" andreentering atanother "pole, " or even
returning curved back upon its point of origin. Note
that these forms bear such similarity to the loops
in the planetary nebula NGC 650-1 that we almost
passed them up as entities not to be recorded as
true galaxies. In the planetary nebulas NGC 7026
and 650-1, the loops or ansae are barely explicable
outside the influence of the magnetic field which
controls them. But in the galaxies these loops are
formed in their great bulk of stars. Bostick [6], in
his plasma gun experiments, correctly took up the
similarity between the shape of his plasmoids and
the shape of galaxies. Even though the time scales
and distance scales are worlds apart, there appears
to be something in common in the nature of the
plasma globs and the galaxies.

A remarkable and intricate loop is observed on
one side in IC 2133. NGC 2927 features a spiral
arm which reverses its direction by 180° after emerg-
ing. A highly impressive loop is formed by one of
the spiral arms in NGC 5430. In NGC 6190, the
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spiral arm envelopes the galaxy in an undulating
sweep. In MCG 9-16-24, the arms extending per-
pendicular to the length of the central bulge sud-
denly transform into a ring.

Opposed Spiral Arms. We have already taken
note of the existence of galaxies with spiral arms
winding in different directions. What we inferred
from this was that some of the arms "rail™ while
others "unwind" or stretch out "forward," in accord
with any specified direction of rotation. Accord-
ingly, the direction of rotation cannot be the prin-
cipal cause of the formation of spiralarms in every
instance. Opposed arms emerging from various
points on the central galactic bulge are seen, or
suspected, in MCG 11-11-23, 11-19-10, 8-28-4,
2-4-52, 2-5-9, 2-32-18, 2-57-8, 1-8-1, 0-13-37,
0-27-41, 1-35-20, and others.

It is possible that improved photographs will
fail to confirm some of the above examples we
cite here. But even if these interpretations should
prove to be spurious, the existence of spiral arms
in the same galaxy with opposed directions of wind-
ing has already been confirmed by the forms de-
scribed below.

There are barred spirals in which the bar is
not "inserted," as it were, into the ring, but termi-
nates in two arcs. The arc perpendicular to the bar
extends in both directions to the same distance, or
to different distances. This case apparently does
not differ in principle from the case where the spiral
arm or arc protrudes from the end of the bar in only
one direction.

At the same time, in bars terminating in such
arcs, one end of the bar (i.e., the root of the spiral
arm) extends out forward in the rotation, while the
other end winds, or extends backward, i.e., trails.

Finally, there are cases where there are two
arms emerging from the central bulge which are
oppositely directly but which fail to form a ring.
Examples are the galaxies NGC 5504, MGC 1-31-13,
1-35-18, 13-7-40.

It is fitting at this point to cite the striking
example of MCG 1-4-1, in which the arcs at the
terminations of the bar are turned with their con-
cave side outward, and their convex side inward
facing the nucleus! This case, as well as the cases
of opposed arms, are completely incompatible with
the hypothesis of mechanical origin.

"Gamma" Forms. There is still another more
striking contradiction to the concepts based on me-
chanics, adding however to the battery of arguments
supporting the thesis of magnetic-like phenomena,
and this we find in the fairly frequently occurring
"gamma® or "cuttlefish"forms. Astronomers never
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Psuspected their existence so long as their studies
] ;were limited to nearby bright galaxies. We [7]
<Erceported earlier on the gamma form. It is en~
mcountered as a unique form in a given galaxy, and
©lin association with conventional spiral arms. The
C'brightest galaxy with a clearly delineated gamma
form is NGC 5033, a reproduction of which may be
found in [7].
together with an oblong central bulge in the shape of
a lens, one end of the latter goes over into a normal
spiral arm, and the other end terminates in a gam-
ma configuration. The faint termini of the gamma
effect a transition to a ring which almost completely
envelops the central bulge. In the galaxy MCG 1-4-1
referred to earlier, one of the two arcs showing its
convex side to the nucleus may be treated as equiva-
lent to a broadly opened gamma form. Still another
example of a gamma form is found in NGC 3794. In
the Morphological Catalog of Galaxies, such galaxies
contain the letter y in their nomenclature, and there
are quite a few of them. Gamma forms are also
encountered in central bodies of round shape.

The gamma form is more often found only on
one side of a galaxy, but sometimes it turns up on
both sides, much in the manner of the pattern of
lines of force established by a two-pole magnet:
NGC 799.

Let us center some special attention on MCG
11-13-37, in which the termini of the two gammas
intersect!

The gamma forms, which are completely un-
accountable in terms of mechanics alone, and re-
semble the jets from a fountain, spouting in opposite
directions, are a particular case of galaxies having
spiral arms winding in opposed directions. Here
two arms opposed to each other emerge from the
same place in the central region. To what degree
the gamma forms are bound to the nucleus itself
will have to be found out from enlarged photographs.

Multilevel Galaxies. There are quite a few
galaxies featuring two and even three successive
layers of differently structured zones. For example,
there are exterior arms completely detached from
the interior arms, and of course detached from the
nucleus. The degree of resolution or clumpiness
of the interior and exterior parts is different on
some occasions. For example, a galaxy may be
an Sc galaxy when judged by the interior arms, but
an Sa galaxy according to its exterior arms. Such
an object would be of course handled in an entirely
arbitrary manner in the Hubble classification. In
the Hubble atlas of galaxies, some two-layer objects
and the multilevel galaxy NGC 4736, which has been
described in detail by us in partIl of the MCG, are re-

Another example is NGC 4050, in which,
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produced. This last galaxy features three zones of
spiral systems, each independent of the other, and
an exterior ring in addition. The interior spirals,

of structure class a, are seen in our plate taken at
the Cassegrain focus of a 125 cm reflector telescope.
The multiply structured galaxies include MCG 10-
17-35, 1-9-4, and still others. Independent geomet-
rical forms at various distances from the nucleus
provide evidence of the independent formation of
those forms.

Isolation of Spiral Arms from the Nucleus, and
Branching.  We noted quite some time ago that
spiral arms occasionally start out at a tangent to
the nucleus. Such cases have now been reported by
Sandage [4].

The arms often protrude from the periphery of
the large disk within which the tiny nucleus is found,
and thereupon extend tangentially to the disk. Examples
of spiral arms fitting this description may be found
in the galaxies NGC 6962, MCG 12-4-1, 11-11-21,
1-31-40, 0-8-1, 0-22-23, 0-29-11, 0-31-34, 0-37-18,
1-10-11, and 11-8-13, in which the nucleus is extra-
ordinary small while the arms are brighter than
the disk at which they originate.

The arms are usually brightest at their roots,
but we do encounter examples where the root of the
arm is fainter than its extension, and even where an
interval intervenes between the nucleus or disk and
the spiral arm. That there really exists no connect-
ing bridge of stars to the main body of the galaxy and
that it is not a question of obscuration by a dark lane
is clear from the following., There exist spiral arms
which are completely "amputated" from the main
body. They lie far out from the main body, far out
enough that the influence of dark matter would be
irrelevant. Examples of this are seen in MCG 9-
13-21, 9-13-84, 9-17-67 (one of the arms "ampu-
tated" in the last galaxy listed).

In actuality, the barred-spiral galaxies with
spiral arms extending from the termini of the bar
can be considered in essence as cases where the
spiral arms are not connected directly to the nucleus.

In MCG 9-23-7, one arm originates in the nu-
cleus, another from one end of the bar, and the third
at some intermediate point on the bar. In 8-11-11
the spiral arms extend outward in such a way that
they seem to be originating from a bar, but no trace
of the latter is visible.

The arms frequently begin at any point on a
ring, rather than from the nucleus or from a bar,
and that case they will extend out at a tangent to
the ring. There are even more instructive cases
in which two spiral arms emerge abruptly from the
same point on a bar or on a main body of another
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form. Known examples of this type are NGC 2523
and 5364, the spiral arms going off tangentially in
those galaxies. Sometimes the arms, forming a
ring, return to their point of origin or to some
other point.

Other examples are 12-8-31, 8-15-44, 2-59-23,
2-59-25, 1-36-3, 1-54-3.

Branching of spiral arms to different distances
from their origin is a characteristic phenomenon
and one related to the configuration described above.
It is a borderline case of entangling of spiral arms.
We demonstrated such branching of dark lanes in
M 33 [8], somewhat like the bifurcations of lightning
flashes, i.e., electromagnetic processes in a gas.

Opposed Spiral Arms in Pairs of Galaxies.
According to the mechanical theory relating the
formation of spiral arms to galactic rotation, the
angular momentum must be so distributed in a
physically related pair of galaxies that the rotation
during the formation of the galaxies would proceed
in one direction in one galaxy and in the other direc-
tion in the other galaxy. The sense of rotation would
be consistently in correspondence with the direction
of the arms.

Of all the known pairs of galaxies, those which
have been established beyond dispute as physical
and intimate pairs are the interacting galaxies.
These are genetically related as well, it can be stated
categorically. For instance in the pair NGC 0-25-10
and 10 and 11, the spiral arms of which are joined
to form a bridge spanning the intervening space, the
directions of the spiral arms are identical! Corre-
sponding cases of identical direction of rotation of
the spiral arms are presented by the pairs reproduced
in the Atlas of Interacting Galaxies under the number
VV-264, as well as the numbers VV-21, VV-55,
VV-79, VV-250, and many others described as pin-
wheel galaxies in the MCG. They are similar to
VV-264. We therefore have to assume the follow-
ing: either our earlier assertion [9] that the spiral
arms are directed independently of the galactic ro-
tation is invalidated, or we have to acknowledge a
contradiction between these facts and the theory of
the distribution of angular momentum in the members
of a spiral pair of mechanical origin. And the first
variant likewise leads to a refutation of the mechanical
origin of spiral galaxies. _

Noncoplanarity. In close groups, and even in
pairs of galaxies, their equatorial planes will not in
general coincide. But cases of coplanarity are to be
expected if the galaxies were both formed from the
same mass, or in the case of a break-up of one
galaxy into two, as proposed by V. A. Ambartsumyan.
This might possibly also provide an indication as
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to the effect exerted by other than mechanical causal
factors in the formation of galaxies.

In another form, the absence of coplanarity even
in the same galaxy has been demonstrated in the
objects discovered by Sandage [4]. In NGC 2685, the
cigar-shaped main body is surrounded by a system
of bright rings containing dust filaments. The rings
are parallel to each other, and their centers lie
along the axis of the main body. How can such a
system be the logical outcome of a mechanical
model ?

Moreover, the lines of force of the magnetic
field may line up in space in any convenient manner
to form a facsimile of a "solenoid" or even a whorl.
The straight dark lanes intersecting the lens of M 81
are interpreted by Sandage as brought about by simi-
lar dust rings lying perpendicular to the plane of
that galaxy.

Johnson [10] considers the possibility that even
M 82 is not a galaxy in a post-explosion stage, but
a system similar to NGC 2685. Galaxies in the MGC
which bear similarity to this one are 1-36-30 and
0-4-54. )

"Galaxies nested within galaxies," such as NGC
4314 in the Hubble Atlas of Galaxies, do not conform
to the mechanical model either, but can be accounted
for by the magnetic model. An ordinary Sc type
spiral galaxy is found there nested at the center of
the bar of a barred spiral. A small Sa type galaxy
appears to be nested inside a SBc barred spiral,
in MCG 13-4-4.

There are any number of cases on record where
the major axes of the formations in different zones
of the galaxy form a rather large angle between
them, sometimes as great as 90° in the plane of the
picture. This could conceivably be due not to the
angle between elliptical formations in the same
plane, but to the noncoplanarity of approximately
round formations.

4. Possible Character of the Material-
ization of Formations in the Same Plane

When, probably in response to rotation about
the nucleus, a flat system has already taken shape,
its form from thereon out will be determined by
the nature of the magnetic or magnetic-like field
existing or varying that system. Spiral arms, rings,
and other structural elements of that kind form in
some way along the lines of force of that field.
Their flow patterns are capable of responding to
changes in the way these lines of force bend and
twist. The thickness of the formations depends on
the direction of the field and on the ability of the
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kpnstituent material of the galaxy to condense along
the lines of force.

'+ Even though there exist spiral arms assuming
ﬂle form of loops and figure-eights, spiral arms are
gsually not closed. The reason for their failure to
alose on themselves is probably much akin to the
nonclosed character of coronal rays of the sun. The
lines of force of the galactic field emerge from one
pole and re-enter at another pole, but further out
from the center the galactic matter is not sufficient
to "materialize" a line of force, not sufficient for the
to support closed spiral arms. The fact that the
perceptible magnetic field occupies space to a great-
er extent than the optically visible galaxy follows from
the fact that the radio-frequency emitting region in
radio galaxies is larger the region luminous, in the
visible spectrum. It is entirely plausible that the
magnetic field will occupy a greater volume than

the visible light-emitting portion even in ordinary
galaxies.

Our supposition is that the degree of clumpiness
or degree of "resolution™ of the system is not related
to the magnetic-like field. Perfectly irregular
galaxies with no clearly defined geometry exist, as
well as amorphous galaxies and galaxies containing
a very pronounced type I population — clusters of «
hot giants, gaseous nebulae, etc. The disks, rings,
and spiral arms are all degrees of "resolution”
according to Hubble, both amorphous and high knotty
or clumpy.

If a disk were to appear and a process involving
the formation of clusters of hot giants and emission
nebulosities were to appear in it without the presence
of fields with compressed tubes of lines of force, we
would obtain a regular patchy disk free of rings and
spiral arms. Instances of this are seen NGC 1073,
2976, 5486, MCG 0-8-33, and others, usually more
amorphous configurations. NGC 2976 is assigned
to the ranks of "irregular" entities for the sole
reason that objects of its type were not considered
when the Hubble classification was set up, nor when
it was modified recently. It is knotty in its interior,
but its form and edge are far more regular than the
counterparts in the "regular™ spiral galaxies.

If a magnetic-like field appears in three-dimen-
sional space, the geometrical structure will appear
in different planes.

5. Magnetic or Magnetic-Like
Phenomena

We have also cited a multiplicity of forms which
lend support to the thesis of a magnetic origin of
galaxies with linear structures. But facts and argu-
ments can also be marshalled to supporti the view

B. A. VORONTSOV-VEL'YAMINOV

that the nature of these phenomena is not magnetic,
but rather magnetic-like. It may be a case of mag-
netism acting in combination with diverse factors,
or it may be something new and unheard of, a mag-
netic-like field of lines of force.

The case of the gamma form at only one end of
the main body of stars, the cases of a single arm
spiraling outward from one pole and re-entrant at
another pole, are at variance with the picture of a
two-pole magnet. In NGC 4935 we find a bright
gamma form emerging from one pole. But its ends
do not curve back to another pole, but instead trans-
form into an ideally closed ring of uniform brightness.

On the other hand, even in the discussion of in-
teracting galaxies [11], we took note of the difficulties
besetting the purely magnetic hypothesis. Tails and
bars are found not only in spirals, but also in ellip-
ticals very poor in gas and consisting of old stars.
But the bars and tails are of exactly the same nature
as the spiral arms, as we have demonstrated. This
difficulty consequently carries over into the discus-
‘sion of all line-structured galaxies.

We again encounter identical forms in Sc galax-
ies and in Sa galaxies, but the latter of the type I
population contain only dust and very scarce neutral
gas. Clusters of hot giants and bright emission
nebulae are not to be found in them. The same
applies to the amorphous root of spiral arms in Sc
galaxies, in many instances. And moreover, Sa
galaxies made up virtually exclusively of stars, and
at that of stars which apparently have long since
seen their last days of youth, condense in a spiral
curve or some other curve, which may even be more
intense and more clearly defined than in the spiral
arms of Sc galaxies.

The view that spiral arms consist everywhere
and throughout their entire length of the type I popu-
lation is an entirely too widespread and over simpli-
fied opinion. Gas accounts only for a small percent-
age, at least in galaxies of the present epoch, and
the magnetic field could hardly have any effect on
the stars. The concept of gaseous spirals condens-.
ing into stars over periods longer than 10° years
has not been subjected to serious discussion.

Even the spiral-shaped dark filaments inside
the lens or inside the nuclei of some galaxies can-
not be subject to the control of a magnetic field if
the gas in association with the obscuring filaments
is neutral.

In view of the preceding discussion, we are in-
clined to view the phenomena described above as
magnetic-like rather than magnetic. The reader
must bear in mind the tremendous scale difference
between galaxies and the objects within which physi-
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cal processes are known from laboratory experi-
mentation or from observations of the solar atmo-
Sphere. We accordingly must be prepared to face
the possibility that replacing the scale of the systems
will entail the replacement of the basic laws govern-
ing the systems.

We note further that, in opposition to the impres-
sion we had that spiral arms and other formations
take shape inside an already formed disk, there is
the widely held view that stars belonging to the type
I population become lost to the spiral as they cool
down and lose their luminosity. A disk can be
visualized by filling up the gaps between spiral arms.
But then the thinner the spiral arms and the fainter
the emission of the disk between the arms, the
younger will be the age assigned to the galaxy.
Nevertheless, it is difficult to reconcile ourselves to
the view that a galaxy featuring bright and narrow
amorphous arms consisting of stars of moderate
luminosity would be far younger than an M 33 type
galaxy in which the disk itself consists strictly
speaking of broad clumpy arms.
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