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ABSTRACT 

The Atlas of Peculiar Galaxies presents the results of more than four years of direct photography with 
the 200-inch telescope. Unusual galaxies were selected from lists by Zwicky, Vorontsov-Velyaminov, and 
unpublished lists by A. G. Wilson, E. Herzog, Wirtanen, the author, and others. Plate files of Mount 
Wilson and Palomar Observatories were searched for suitable objects, and some of these plates are repro- 
duced. For the most part, however, limiting, good-seeing exposures were obtained on blue-visual sensi- 
tive plates at the prime focus (11 '' 1 /mm) of the 200-inch. 

The objects are arranged 6 on a page, 57 pages, for a total of 338 objects. Magnifications range from 
IX to 10X. They are ordered empirically according to their form and visual appearance, Tabular ma- 
terial presents known data for the objects including positions, plate data, radial velocities when known, 
references, and remarks on both over-all and detailed peculiarities. 

The Atlas is also available in large size, 11 X 14-inch photographic reproduction, from the California 
Institute of Technology Bookstore for a price of about $60 bound. 

PREFACE 

Forty years after the discovery that galaxies were independent stellar systems, we 
still have not penetrated very far into the mystery of how they maintain themselves or 
what physical forces are responsible for shaping their observed forms. The galaxies are 
the constituent units of mass and energy in the Universe, and yet we are still challenged 
by such questions as: What causes the characteristic shape of spiral galaxies? How are 
eUiptical galaxies related to spirals? How are galaxies formed, and how do they evolve? 

It is difficult to resist an oversimplified impression of what a galaxy is because the 
Hubble classification divides the galaxies into the well-known categories of smooth, 
amorphous ellipticals, and flattened spirals with star-studded arms. But far from all 
galaxies fit the Hubble sequence of nebular forms. In fact, when looked at closely enough, 
every galaxy is peculiar. Appreciation of these peculiarities is important in order to build 
a reahstic picture of what galaxies are really like. But the peculiarities are also important 
for the reason that, if we could analyze a galaxy in the laboratory, we would deform it, 
shock it, probe it in order to discover its properties. The peculiarities of the galaxies 
pictured in this Atlas represent perturbations, deformations, and interactions which 
should enable us to analyze the nature of the real galaxies which we observe and which 
are too remote to experiment on directly. In general, the more conspicuous the peculi- 
arity, the more illustrative it is of special events and reactions that occur in galaxies. 
From this range of experiments which nature furnishes us, then, it is our task to select 
and study which will give the most insight into the composition and structure and the 
forces which govern a galaxy. 

The present Atlas specifically started from an attempt to better understand spiral 
galaxies. Despite even recent analyses from a contrary standpoint, I believe that gravita- 
tional orbits in a stellar assemblage will not alone furnish satisfactory explanations of 
galaxies. It is clear that the convolution which spiral arms are seen to undergo in certain 
galaxies cannot be performed by loci of stellar orbits. In the investigation of these special 
spiral properties, therefore, galaxies which showed unusual or perturbed arms or fila- 
mentary extensions were sampled with high-resolution photographs with the Palomar 
200-inch telescope. Subjects were first drawn from the pioneering work of Zwicky and 
Vorontsov-Velyaminov. So many important objects emerged under high-resolution, 
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2 HALTON ARP 

limiting-magnitude study, however, that the investigation into the nature of spiral arms 
was temporarily postponed in order to organize systematically these new phenomena into 
groups and publish a representative sample of the best objects. 

The Atlas as it has been realized in the following pages illustrates again that galaxies 
cannot be characterized as just assemblages of stars, radiation, and gravitation. The 
following Atlas pictures emphasize the importance of dust in some; they particularly 
imply a much more important role for the gas in general and point to the existence of 
either new forces or forces which previously have been little considered. For example, the 
twisted, distorted shapes and curious linkages pictured here attest to the fact that there 
are viscosity-like forces present that in some cases are dominant. Probably these forces 
are due to magnetic effects. Vorontsov-Velyaminov has stressed in the past the probable 
magnetic nature of these effects. Magnetic forces are very difficult to study, but may be 
very important in our Universe. The recent radio-astronomy discoveries of violent events 
in galaxies reveal sources of energetic charged particles. These charged particles interact 
with magnetic fields and offer the hope of mapping, measuring, and understanding 
cosmic magnetic fields. Exploration of the connection between the plasmas observed with 
the radio telescopes and the optical evidences of plasma effects pictured in the present 
Atlas is now open to us. 

The over-all aim of this Atlas is to present a number of examples of various kinds of 
peculiar galaxies. They are presented in groupings that appear roughly similar, thereby 
furnishing also a rough, initial classification. Phenomena which each group represent may 
then be investigated by picking the most favorable members in size or brightness, study- 
ing different members of the group in different orientations, and, finally, making some 
preliminary statistics of certain kinds of phenomena and their relationship to other ob- 
servable parameters. It is hoped that this investigative procedure will not only clarify 
the workings of galaxies themselves but will also reveal physical processes and how they 
operate in galaxies, and ultimately furnish a better understanding of the workings of the 
Universe as a whole. 

It is a pleasure to acknowledge the help of William Miller, who photographically 
copied the original glass negatives; Lowell Peterson, of Graphic Arts at the California 
Institute of Technology, who supervised the large-size photographic reproduction of the 
Atlas; Frank Brueckel, who carried out many computational tasks connected with the 
Atlas; and, of course, all those astronomers who suggested candidates for the Atlas from 
their own personal store of knowledge and who gave advice and encouragement. 

INTRODUCTION 

The National Geographic Society-Palomar Observatory Sky Survey was completed in 
1956. For seven years the 48-inch Schmidt telescope had surveyed the sky north of 
b = —27°. The 1758 highest-quality plates that were finally accepted penetrated about 
three times deeper into space than any previous survey had ever reached. Astronomers 
are still studying and cataloguing the information contained in this survey, and will con- 
tinue to do so for many years to come. 

One of the first astronomers to use the prints of the Sky Survey Atlas for a systematic 
study was Professor Vorontsov-Velyaminov of the Sternberg Astronomical Institute in 
Moscow (2).1 In 1959 he published positions, with copies of Sky Survey pictures, of 355 
peculiar and interacting galaxies that he had discovered on Survey prints. The publi- 
cation of this fist enabled the undertaking of one kind of project for which the 48- and 
200-inch telescopes on Palomar Mountain were originally designed. The fast-focal-ratio, 
wide-field Schmidt telescope was intended to survey objects of interest. The maximum 
fight-gathering power and resolution of the 200-inch could then be turned individually 
on the most interesting objects. 

1 For numbered references see the Bibliography at the end of the text. 
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ATLAS OF PECULIAR GALAXIES 3 

When selected members of Vorontsov-Velyaminov’s catalogue were photographed 
with the 200-inch, some turned out to be much more interesting than on the smaller-scale 
plates, while others turned out to be less interesting or ordinary. After some preliminary 
experience with the 200-inch scale, it soon became possible to inspect the Vorontsov- 
Velyaminov objects first on the Survey prints to cull out the less interesting objects. In 
the process of inspecting these objects and checking their positions, other very unusual 
galaxies were noticed on the same Survey prints and included in the 200-inch program. 
This demonstrated that not all the important objects had been catalogued, and efforts 
were made to compile from other sources a more complete list of candidates for peculiar 
galaxies. 

One additional source of peculiar-galaxy candidates was the set of notes which A. G. 
Wilson had made upon inspecting the original Sky Survey plates as they were taken. 
These were kindly put at my disposal. Another list of peculiar objects was given me by 
E. Herzog, who has carefully searched the Survey plates for such objects. Thornton Page 
contributed a list of peculiar objects he knew and a list of peculiar galaxies which C. A. 
Wirtanen had compiled from the Lick Position Survey. Holmberg’s pairs of galaxies were 
inspected. 

Special objects were also contributed by W. W. Morgan, F. Zwicky, Charles Kowal, 
and Gibson Reaves. Finally, the plates of Minkowski and Baade, which are stored at the 
Mount Wilson Observatory, were searched for peculiar objects. A surprising result was 
that none of these fists, including my own, had very much overlap with one other. The 
conclusion seems to be that, aside from the brighter and therefore well-known peculiar 
galaxies, the fainter peculiars have not been fully catalogued, and that the fainter pe- 
culiar galaxies pictured in this Atlas represent only a sample of that group. 

At first the photographs with the 200-inch were made with various plate and filter 
combinations to discover in which wavelengths the peculiar features would show best. 
Although red wavelengths sometimes showed features better, in general, the filaments, 
connections, and faint outer features were more conspicuous on blue-sensitive (Eastman 
Kodak 103aO) plates. At that time, however, the sky was becoming so dark because of 
sunspot minimum, that it was possible to reach fainter limiting magnitudes by exposing 
blue plates for 60-70 min. To make the project possible in terms of available observing 
time, the band pass was widened by using 103aD plates and including the visual as well 
as blue wavelengths in a limiting exposure of the order of 30 min. Finally, it became 
clear that the night-sky emission fine at X 5577 was contributing appreciably to the 
brightness of night-sky background, and the emulsion was changed to 103aJ from then 
until the conclusion of the project. The 103aJ plates registered fight roughly between the 
X 3600 cutoff of the f/3.67 corrector lens on the 200-inch telescope and the X 5400 photo- 
graphic emulsion cutoff. That, in general, is the region of maximum contrast for gal- 
axies (10), and the very deep exposures made here (to densities of 0.7 to 1.0 for sky 
background), the very dark night skies, and the 20 per cent increases in development 
time give, on the average, a set of photographs that show fainter stars—and particularly 
fainter surface-brightness features—than ever before detected in galaxy subjects. The 
reproduction of these prints in the Mount Wilson and Palomar photographic laboratory 
by William Miller was a difficult job which was carefully controlled so that almost all 
the original features on the plates, even the faintest, are reproduced in the Atlas. 

Whenever possible, poor-seeing plates were repeated under better seeing conditions, 
so that the final Atlas contains only plates taken with seeing 2 or better. The star images 
on the plates taken with the 200-inch presented in this Atlas are therefore generally be- 
tween l" and 2// diameter. Search of the Observatory plate records located some of the 
prospective Atlas galaxies which had been already photographed. I am grateful to 
Zwicky, Sandage, and Baum for allowing me to reproduce some of the photographs of 
these objects, and they are credited under the fisted plate numbers in Table 1. Most of 
the 338 photographs shown in the Atlas are from plates taken with the 200-inch tele- 
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4 HALTON ARP 

scope. Occasionally a very large object is shown in a print from a 48-inch telescope plate 
(designated PS) in order to emphasize its corree]: sequence in the order of forms. 

Because so many of the physical processes pictured are not understood, no rigorous 
attempt at classification has been made. The galaxies have been grouped empirically, put- 
ting together all the objects that look alike. Special emphasis is on the form of the gal- 
axies or the nature of the peculiarity and the gradual change of the peculiarity from object 
to object. Sometimes an object will belong in more than one category, and then it is cross- 
referenced in Table 1 or shown under different magnification in different sections of the 
Atlas. The schematic plan of arrangement of the different kinds of galaxies is shown in 
Figure 1. The largest class involves peculiar spiral galaxies (Nos. 1-102). The largest 
subclass of peculiar spirals are spirals with companions attached to spiral arms (Nos. 37- 
102). Then there is a group of elliptical or E-like galaxies (Nos. 102-145). Of course, there* 
is overlap, and in the very interesting group ranging from Nos. 91 to 114 it is impossible 
to say whether the E is a companion to to the spiral galaxy or vice versa. The third major 
group (Nos. 146-268) involves galaxies or groups of objects that are not primarily classi- 
fiable as either E’s or spirals, or whose most outstanding peculiarity does not fall in the 
first two major categories. In the fourth major category (Nos. 269-327), group character 
is the most important consideration. Six objects classifiable only as miscellaneous are 
shown at the end (Nos. 332-338). 

When possible, information has been gathered from the literature regarding apparent 
magnitude, redshift velocities, and any known spectral peculiarities. Table 2 lists all the 
objects in this Atlas in order of right ascension and gives references to known redshift 
velocities. In Table 3 all coincidences of Atlas objects with catalogue radio sources are 
noted and referenced. With the exception of bright radio sources such as Fornax A, Atlas 
objects were not selected because they were radio sources—although Minkowski’s plates 
were generally taken in search of radio-source identifications. In many cases, however, 
nothing more is known about an object than what is shown in the Atlas. An important 
task in the future will be to undertake photometric and spectroscopic observations of 
these objects. Then, when distances, absolute magnitudes, and spectral characteristics 
are known, a more meaningful classification and interpretation of the objects in this Atlas 
can take place. 

THE ATLAS AND THE CATALOGUE 

The 338 photographs shown in the following fifty-seven pages of the Atlas all have a 
notch marking the north point. West is 90° clockwise. The prints represent magnifi- 
cations from the original plates of 1X, 2X, 4X, 6X, 8X, and 10X. Since all the 200-inch 
plates in this program were taken with the Ross f/3.67 corrector lens, the scales on the 
original prints therefore vary from ll'Vmm to l''l/mm. The natural scale of the few 
prints from Schmidt plates is 67"/nim. In reproduction of the large-size photographic 
edition, all these scales have been reduced by a factor of 0.97. In the reproduction in the 
Astrophysical Journal Supplement, the original print scale has been reduced bv a factor 
of 0.54. 

About one-third of the prints were made by an automatic, fluorescent screen dodging 
process, i.e., by compressing the density range so that one can see very faint features and 
yet see into the brighter inner regions on the same print. In some cases the automatic 
dodging has introduced slightly lighter halos around the stars. 

THE CATALOGUE 

Col. 1: Identification number in this catalogue. See Figure 1 for arrangement of 
types of objects. 

Cols. 2-3: Right ascension and declination of objects for 1970 epoch. Positions are 
from three sources: (1) NGC positions where available. If more than one NGC object is 
pictured, the position of the westernmost (smallest number) is given. (2) Positions from 
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ATLAS OF PECULIAR GALAXIES 5 

200-inch dial readings calibrated by objects with known positions. (3) Measurements on 
48-inch Sky Survey plates (whenever possible, differential measurements from nearby 
NGC objects). The final accuracy of these positions, from cross-checking the different 
methods is on the average better than + 0nci2 in R.A. and ± 2' in deck A few positions are 
from Vorontsov-Velyaminov. 

Col. 4: Designation. NGC or IC numbers are given when object has one; otherwise 
designation is blank. 

Col. 5: Plate number. PH designates 200-inch Hale telescope; PS designates 48-inch 
Schmidt. Plates taken by Arp unless designated B = Baade, Bm = Baum, M = Min- 
kowski, S = Sandage, Z = Zwicky. 

Col. 6: Exposure in minutes. 
Col. 7: Kind of emulsion used—abk” designates baked and “b” designates lightly 

baked; ^xp^ designates experimental. 
Col. 8: Identifies the filter used, if any. 
Col. 9: Seeing. On a scale in which image size is about 1" to for seeing 3. Each unit 

poorer than three-image size roughly doubles and approximately halves for each unit 
better. 

Col. 10: Magnification (varies from IX to 10X). 
Col. 11: Source. As far as can be determined, the person who first noticed the peculiar 

object is named. Vorontsov-Velyaminov (“VV”) numbers are given when they exist. 
“DDO” is David Dunlap Observatory. 

Col. 12: Remarks on objects shown in photographs. Major peculiarities are described 
in Figure 1; additional peculiarities and remarks are noted here. 
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Fig. 1.—Plan of arrangements for the objects in the Atlas. The diagram shows major peculiarities 
which determine classification. Comments on additional peculiarities are given in Table 1. Characteriza- 
tion of peculiarities is sometimes descriptive rather than literal. 
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