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PREFACE

Our knowledge of the metagalactic system and its constituents has made astonishingly rapid progress
during the last two decades. Through the skilful and admirable work of many of the leading astronomers and
the extensive collection of data in the course of daily routine-work at several observatories the problems con-
nected with the objects formerly, very inadequately, termed ‘“white nebulae’ have been solved to a great extent
and new problems have presented themselves.

Since many years it can be positively said that there is no longer any doubt that these objects are vast
stellar systems, situated at immense distances as compared with the distances formerly assumed, and as
compared with the distances en voyue in earlier astronomical work. Thus we have reached the third system
in CHARLIER’s infinite world, the system of the galaxies, or the metagalactic system as it has been named
by LUNDMARK. _

Although the fundamental properties of this system and its constituents have been investigated in several
respects, there still remain a good many questions to be solved. It is the purpose of the present paper to dis-
cuss some general problems concerning the anagalactic objects. Especially it is our intention to study the double
and multiple galaxies and the possibilities of obtaining information about the galaxies in general from inquiries
into this special class of objects.

The present investigations were started at the Lund Observatory and have been carried out there as
well as at the Heidelberg Observatory, Konigstuhl (Germany) during the last two years. During the months
of September —December 1935, and during March and September 1936 I have had the opportunity of staying
at the Observatory of Heidelberg for the collection of the material for the present investigation.

It is my agreeable duty and a great pleasure to me to express my best and sincere thanks to Dr. KnuT
LuNDMARE, Director of the Lund University Observatory, who suggested the subject of the present investiga-
tion to me. Through his inspiring instruction and through the great interest that he has always taken in my
investigations, the carrying out of the work has been greatly facilitated. Dr. LUNDMARK, who has earlier made
several investigations into double galaxies, has kindly placed at my disposal a card catalogue containing some
150 objects.

To Professor Dr. HEiNnricH VoeT, Director of the Badische Sternwarte zu Heidelberg, Konigstuhl, I
am very much indebted. Through his kind admission I have had access to the wonderful collection of plates
taken with the Bruce refractor by the late Dr. Max WorF, Dr. KARL REINMUTH and other members on the
staff. By the aid of these plates the collection of all the data which are to be found in the present catalogue
has been made feasible. Further I should wish to express my gratitude for the special arrangements at the

Heidelberg Observatory which were made for my part and also for the very great kindness which was always
shown to me at this institute.
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6 PREFACE

It is a pleasant duty to tender my best thanks to Dr. KarL REiNMUTH for a great deal of good advice
and assistance in the management and the study of the plates. Through his skilful aid and good practical ar-
rangements my work at Heidelberg was facilitated to a great extent.

To Professor WALTER GYLLENBERG and to the other members on the staff of the Observatory of Lund
I wish to express my thanks for valuable discussions and friendly criticisms. '

In conclusion I wish to mention with much gratitude the councils of Kungl. Fysiografiska Sillskapet i
Lund and of Lingmanska Kulturfonden, which have contributed to the performance of the statistical and
numerical work through their pecuniary support. In this connection I also wish to express my thanks to I. G.
Farbenindustrie Aktiengesellschaft (Agfa), Berlin, and their representatives in Stockholm for the friendly
donation of photographical material, through which it has been possible to obtain the reproductions of the
Bruce plates which are given at the end of this paper.

Lund Observatory, September 1937.
ERIK HOLMBERG.
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CHAPTER I
INTRODUCTORY REMARKS

1. In the present paper an account will be given of the search for double and multiple galaxies with
the aid of the great plate material of ihe Heidelberg Observatory. The general qualities of these peculiar objects
will be discussed, and some problems concerning galaxies in general will also be taken up for discussion. Before
entering upon these questions some introductory remarks, however, will be given.

The size and structure of the great system of galaxies, the metagalactic system, have been the subject of
many different investigations in the course of time. Even at an early stage it could be shown that the apparent
distribution of the anagalactic objects is by no means a uniform one. Non-uniformity seems to be more generally
prevalent in the Metagalaxy than uniformity. Here we do not think of the decreasing number of objects in
low galactic latitudes, which is very probably a result of a general absorption in our own galaxy. Nor do
we think exclusively of the non-uniformities which are the result of the great number of metagalactic
clusters. Even in high galactic latitudes and in the general field between the clusters great irregularities
are to be found.

These remarkable facts were pointed out already by Sir WiLLiAM HERSCHEL in 1811 and they have later
on been closely discussed by KNur LuNnpMarK, HarLow SHAPLEY and others. Among the great number of
studies of this problem that have been made in the course of time I only wish to mention the investigation by
B. J. Boxk!, who examined the distribution of galaxies from a mathematical point of view to see in how far
it deviates from an accidental one. Bok concludes that the tendency towards clustering is probably one of
the chief characteristics in the metagalactic system.

E Here the question may be raised whether the above deviations are the result of the occurrence of un-
evenly distributed dark nebulae in our own galaxy or perhaps in the space outside of it. K. LuNDMARK and
P. J. MeLoTTE® have made a scrutiny of the Franklin-Adams Plates in regard to the existence of dark nebulae.
It is found that these dark nebulae are present even in high galactic latitudes and LuNDMARK states that the
spirals seem to avoid the regions where these nebulae are prevalent. In this connection H. SHAPLEY® made an
investigation using Harvard plates and he suggested that the dark nebulae in high galactic latitudes might be
a consequence of deviations in the distribution of the stars. Later on SmaPLEY? investigated the connection
between the numbers of stars and of galaxies in the same fields. There was no correlation to be found between

- the variations in the numbers of the two classes of objects. SHAPLEY concluded that if the irregularities in the
distribution of the galaxies are due to obscuring matter, this must be external to our own system. This, how-

o T A

* Harvard Bull 895 (1934). ? Upsala Medd 30 (1927). 3 Harvard Bull 844 (1927). ¢ Harvard Bull 890 (1932).
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8 INTRODUCTORY REMARKS

ever, seems rather improbable. Several different investigations have been made into this problem and it is
found that a general absorption in the metagalactic space probably must have a comparatively small value.
We beg to refer to Chapter VIII of the present paper where this absorption problem is discussed in connection
with some investigations into the spatial arrangement of the galaxies.

Thus we must very likely accept the clustering tendencies in the metagalactic system as a reality. In
these circumstances it is not surprising that there should exist a great number of double and multiple galaxies
which are physically connected. We can very well imagine that there is an unbroken line of transition from
double systems to the small groups and from these to the still greater metagalactic clusters containing several
hundreds of components. At the end of the series we may perhaps place the metagalactic clouds.

2. In the course of time a great many double galaxies have been recorded. Sometimes it has been pointed
out that these pairs may be physical systems. For a long time the double galaxies were, however, considered
as mere curiosities and no attempts were made to make use of them for the derivation of absolute qualities of
the galaxies.

It is not my intention to enter into a historical account of the developement of our conception and know-
ledge concerning the double galaxies. On the other hand, it seems justified to make a digression here and briefly
mention the ideas of Sir Wirriam HERSCHEL as to double and multiple nebulae. In his remarkable paper of
1811 HerscHEL' discusses the double nature of altogether 139 objects, which according to him may be called
double nebulae. Some of these objects form very narrow systems, and HERSCHEL states that on account
of “their great resemblance in size, in faintness, in nucleus, and in their nebulous appearance’ it must be evident
that their nebulosity originally belonged to one common stock. HErRrscHEL thought that he had found
objects which were in the process of splitting. In this way many of them had already separated into two or
more components. HERSCHEL urges that all these nebulae are really double. “Then if we would enter into some
kind of examination how they came to be arranged into their binary order, we cannot have recourse to a pro-
miscuous scattering, which by a calculation of chances can never account for such a peculiar distribution of
them.” In a figure HERSCHEL gives some drawings of double nebulae of various appearances. Although it
would be of great interest to compare in detail the objects of HERSCHEL with those of mine, I can refrain from
that work, because during the preparations for the Lund General Catalogue of Nebulae such a comparison has
already been started.

K. LunpMARK? in several papers discusses the origin of the double and multiple galaxies. The frequency
of captures between the components of the metagalactic system is found to be very great, one every
3500 years. Thus we ought to have a great many physical double systems. These will then act as condensa-
tion nuclei attracting new members. In this manner the systems will grow larger and larger and the possibilities
for the formation of groups and clusters are given. In this connection LUNDMARK also discusses the small “ne-
bulae”, accompanying large objects and found by H. D. Curtis in the course of his work on galaxies. Luxp-
MARK draws the conclusion that these small objects are certainly no satellites. They are ordinary galaxies
and the result of the clustering tendencies in the metagalactic space.

3. In this place I should wish to mention some of the most prominent and well known of the double
and multiple galaxies. As a system with at least three components we have our own galaxy and the two Ma-

! Phil Trans, 1811, p. 269. Also Scientific Papers, Vol II, p. 459 (1912). # Upsala Medd 30 (1927) and Lund Circ 9 (1934).
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gellanic Clouds. Further the great spiral in Andromeda and its two elliptical components form a very well
known triplet. In this case the physical connection between the components has been proved through the
agreement of radial velocities.

In the Publications of the Lick Observatory, Volume VIII (1908) we find many beautiful reproductions
of double and multiple galaxies. There may be found the double systems NGC 3226, 3227 (Plate 24), NGC
4485, 4490 (Plate 36), the multiple system with NGC 4565 as principal component (Plate 40), the double systems
NGC 4627, 4631 (Plate 41), NGC 4712, 4725 (Plate 42), NGC 5194, 5195 (Plate 47), NGC 5857, 5859 (Plate 50),
and at last the great group of NGC-objects with NGC 7331 at the centre (Plate 67). All these systems, except
NGC 5857, 5859, are to be found in the present catalogue and many of them can also be seen on the plates
at the end of this paper.

Our list of the more conspicuous objects is, however, not yet finished. Without striving for complete-
ness we further want to mention the very narrow systems NGC 4567, 4568! and NGC 4647, 4649. These systems
are two of the brightest pairs in Virgo. Concerning the last one H. SHAPLEY® has shown that the components
have so large diameters that they are perhaps mere nuclei of a larger system. The same thing is perhaps true
as regards the pair NGC 5216, 5218, where P. C. KEeENAN® has found a faint band of connecting matter between
the components.

Finally I should wish to call attention to the beautiful group NGC 7317—7320, first described by M.
STepHAN? at Marseilles in 1877 and later investigated by H. SHaPLEY and K. LunpMARK. While the former
pointed out that there are in fact five objects shown on modern photographs, the latter discovered on Mount
Wilson plates a sixth object, a very faint Magellanic cloud. Whereas SHAPLEY® names the group the Quintet
of Stephan, LUNDMARK names it the Septet of Stephan, because he also includes a nearby spiral into the group.
It seems clear that we here have the nucleus of a metagalactic cluster.

4. Knur LunNpMARK was the first to recognize the great importance of the double galaxies and
to make use of them in obtaining the absolute characteristics of the anagalactic objects. In several
papers® he calls attention to these problems. Thus LUNDMARK has investigated about 8000 NGC-objects and
has found about 200 double and multiple systems. Furthermore he has made a search for these objects
on the Franklin-Adams Plates, on Crossley plates and on plates taken with the great instruments at Mt
Wilson.

Concerning the absolute characteristics of the anagalactic objects LunpDMARK has pointed out that from
the double galaxies we can, among other things, obtain the differences in absolute magnitudes and in absolute
dimensions. From these we can derive the dispersions in the corresponding quantities, and through processes
of integration, or rather interpolation, numerical expressions for several different connections can be derived.
Thus the double galaxies are of very great importance for the derivation of absolute quantities and inter-
relations within the metagalactic system.

! See Handbuch der Astrophysik, Band V: 2, p. 864 (1933). % Harvard Bull 895 (1934). $ ApJ 81, p. 3565 (1935).
¢ MN 37, p. 334 (1877). 5 See e. g. Harvard Bull 878 (1930).

 Upsala Medd 8 (1926), Upsala Medd 16 = VJS 61, p. 254 (1926), Upsala Medd 30 (1927) and Upsala Medd 41 = VJS 63,
p. 350 (1928). :

2—37622,
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CHAPTER I1
DOUBLE AND MULTIPLE GALAXIES AS PHYSICAL SYSTEMS

B. A very important question is, of course, how to define a double or a multiple galaxy. The definition
should be so formulated that optical systems are excluded as far as possible while as many physical systems as
possible are included. Sometimes the physical connection between two neighbouring galaxies can be clearly
proved. Some faint bands of connecting matter are perhaps to be found between the two objects, or the radial
velocities can be shown to have the same value. These cases, however, are rather the exception than the rule.
In general, we thus need some sort of working definition.

The simplest and most natural thing to use in the selecting of physical systems is of course the apparent
distance between the components. Thus K. LUNDMARK' has considered as double galaxies objects for which
this distance is equal to, or smaller than, the apparent diameter of the largest of the components. As an exten-
sion of this definition it is also possible to take account of the distance between the components along
the line of sight. This distance is to some extent indicated by the differences in the apparent magnitudes and
dimensions of the two galaxies. As, however, the dispersions in the absolute magnitudes and dimensions among
the galaxies are comparatively large, in most cases this extension will be of no value. In the present investigation
we have thus preferred to use a slightly modified form of the above definition. As a double galaxy will here be
considered a system in which the apparent distance, J, between its components is equal to, or smaller than, twice
the sum of the largest apparent diameters, ¢, and a,. Thus:

3

= 2.
a, t+a,

(1)

In a multiple system the condition shall be valid for anyone of the components taken together with ene
of the others.

This definition has proved to be very practical. Without being too rigorous it excludes, as will be shown
below, practically all optical systems. It should be mentioned that in some cases components have been included
even though the distances to the next ones are too large according to the definition. These objects are gener-
ally more conspicuous ones. They will not, however, be included in the general statistical investigations.

Concerning the above definition some remarks may be made. In one case the definition has not been exactly
employed. The great galaxy in Andromeda, NGC 224, has been assumed to have only the two well known ellip-
tical components. In the area within twice the largest diameter several faint galaxies are, however, to be found.
In the present catalogue a double galaxy is, for instance, given within this area. In this case we have thus made
use of the above-mentioned extension of the definition of a double or multiple system. Further, attention
should be called to the systematic errors in the measured diameters of the small objects. It is a well known fact
that small galaxies, in a higher degree than large ones, come out too small on the plate. This will cause sys-
tematic variations in the above definition which are dependent on the distance of the object. However,

! Upsala Medd 30 (1927).

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1937AnLun...6....1H

DOUBLE AND MULTIPLE GALAXIES AS PHYSICAL SYSTEMS 11

it will be shown below that the most frequent value of the quantity a_:-;’:_a— is smaller than the unit and thus
1 2
these variations will be of no great significance.

Concerning the definition of double galaxies it shall frankly be admitted that there might be sources of
error which in exceptional cases make a decision as to the double nature of the object on the basis of its struc-
tural properties difficult, nay, in very exceptional cases, impossible. One of these sources will arise on the ground
that there may be a few galaxies having double nuclei. Suppose now that we photograph a very distant galaxy

having two nuclei: then we might classify the object as a double. This source of error is not of high importance,
not only because of the few cases

of double nuclei but also because
double nuclei may be the result A N
of the capture of an outside 601
object and its gradual approach
to the capturing nucleus.
Another source of error 40
which should be mentioned in this

connection is the effect of an ab-

sorption within the objects, which
might be so queerly distributed 201
that it gives a false impression of
a double system. Dr. K. Lunp-
MARK has communicated to me

e - — ——— —

. . Q,a,
that, in his lecture! at the first 00’ ) " I " 20 " 30 ¥
symposion for astrophysics at Pa- :
ris in July 1937, Dr. B. LINDBLAD Pig. 1.
suggested that e. g. the double Distribution of the relative apparent distances between the components of double
object NGC 1885, 18892 is not a systems.

double system but a single system exhibiting an unusually strong absorption effect. Without entering here upon
a discussion as to the justification of that suggestion it will be admitted that it might be a very interesting
illustration of an unusual source of error. From my experience it seems that it can safely be stated that the
above-mentioned effects, no doubt, are so scarce that they are of no statistical consequence.

Here may also be the place for some attention to be given to the gravitational lens effects as produced
by galaxies. F. Zwicky® points out that anagalactic objects offer a much better opportunity than stars for
the observation of deflections of light. Thus some of the massive and concentrated galaxies may be expected
to deflect light that passes near the edge of them by as much as half a minute of arc. Since, however, the de-
viations are of importance chiefly when dealing with optical systems, we need not discuss them in detail here.

The distribution of the values of the quantity a—i—; for the 695 double systems in the present catalogue
1 3

is shown in Fig. 1. The class breadth has been given the value of 0.1. It appears that the distribution curve

! Not yet published. ? Not included in the present catalogue. 3 The Physical Review, Vol 51, p. 200 (1937).
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attains its maximum value when the abscissa reaches the value of 0.6 units. The small frequencies to the left
of the said point indicate an under-representation of the material here. This can easily be explained through
the fact that one component is more or less completely hidden behind the other. In the appearance of the
curve to the right we have a general proof of the existence of physical systems. If the systems consisted mainly
of dptical pairs, the frequencies would become larger when the value of the abscissa was approaching the
value of 2.0.

6. It is of course of great importance especially with respect to the statistical investigations in the fol-
lowing chapters to obtain some information concerning the number of optical systems which might be con-
tained in the material here presented. With the help of certain statistical computations an estimation of this
number is possible. If, in this connection, we assume the galaxies to be distributed at random in the sky, we
can use a derivation according to G. PéLya.! If (n--1) points are scattered arbitrarily over a sphere, and if
one of the points, P, is selected as origin, then the probability that the nearest one of the remaining n points
is situated within the distances 3 and ($-4-d9) from P can be expressed as follows:

2 Ws,9+a3 = — d (cos?? 1/, 3).

If the average value of this distance is indicated by & we get:

T

(3) 3—— f 3 .d (cos™ Y/, 9) g]/i.
n

[]

The last expression is obtained from WALLIS’ formula for 7, and thus the assumption has been made that n
is a large number.

As the angle 3 has a very small value, and the number #» in the present case has a very large one, the
computation of successive values of the expression cos?” !/, & has been made by means of the following trans-
formations:

(4)- ln(cos"‘a:)=ln(l-—sin’:v)”&\zn.ln(l—-x’)=n( ———————— )Q—n-x’.

Here In designs the natural logarithm.

We will put the value of » at 60000. At the North Galactic Pole this corresponds to a limiting magni-
tude of 1577, if we make use of the density curve III in Fig. 24 (ChapterVIII) where the space density of the
galaxies is illustrated. The limiting magnitudes of the plates will be discussed in the next chapter and there
it will be shown that for stars these magnitudes are in general situated between 1570 and 17™5. Concerning
galaxies we must assume a brighter? limiting magnitude, and thus the above value of 15™7 may be considered
justified. The assumed value of n may be regarded as a maximum value, especially when we take the great ab-
sorption of light in low galactic latitudes into consideration. As, however, the number of optical systems in-
creases with », it may be more appropriate to assume too large than too small a value.

The right curve in Fig. 2 corresponds to the values of the probability Ws, (s+a9) as computed according

! AN 208, p. 175 (1919).
? In the present paper the terms bright magnitude and faint magnitude will be used in order to avoid every misunderstanding.
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|§I

E?(:'to the rules given above. The left curve represents the distribution of all the apparent distances between
'.g\g{,he components of the double systems in the present catalogue. The upper part of the last curve falls beyond
'-Htl,he frame of the figure. The two distribution curves are reduced to a class breadth of five minutes of arc, and
the areas within the two curves correspond to the values 0.78 and 0.22 respectively. In a following chapter!
it will be shown that in the direction of the North Galactic Pole 22 9, of all galaxies on an average are mem-

bers of double or multiple systems.

0s0] W(&-z."),(&oz:s)
0.20
0.10
.00+ v — v v - S Sy S 19'
0 10 20 30 Lo . S0 60 70 80
Fig. 2.

The distributions of the apparent distances between the components of physical pairs (left curve) and between isolated galaxies (right curve).

The area that is common to the two curves can be assumed to indicate the maximum value of the number
of galaxies of the present catalogue which are the result of the existence of optical systems. This number amounts
to 13 9 of the number of individuals in the left distribution. In reality, the relative number of optical systems
ought to be much smaller. The optical pairs must be more frequent, when the apparent distance between the
components is large. Concerning the double galaxies given in the present catalogue, however, both of the com-
ponents are, in this case, generally large and bright, and on account of this similarity the number of optical
systems may be assumed to be greatly reduced. Also it has been pointed out that the number » has been given

! See Chapter VIIL
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Apparent distribution of double and multiple galaxies.
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n.._. 5. .. _.2IH:

=a maximum value. Thus one seems to be justified in assuming that the relative number of optical systems in
:'%:the present catalogue only amounts to some few per cent. Here we also wish to refer to Chapter VIII of the
Ilf:_vv)':‘preasent; paper, where the number of optical systems has been discussed in connection with some investigations
“‘into the spatial arrangement of the double galaxies. There similar results have been obtained as above.

7. Here may be the appropriate place for giving a table of distribution showing how, in the present ma-
terial, the number of systems, N, changes with the number of components, n. From Table 1 it clearly appears
how rapidly the number N decreases when n grows larger. The total
number of double or multiple systems in the present catalogue amounts
to 827.

In this connection the distribution in the sky of the double and
multiple systems will also be examined, although the plates and their

Table 1.

The number of systems (N) as a
function of the number of com-

distribution will not be discussed until next chapter. In Fig. 3 the equa- ponents (n).

tor system is reproduced in ArTorr’s well known equal area projection. n N
Every dot denotes a double or multiple object in the present catalogue.

The dark areas are E. P. HUBBLE'S' “zone of avoidance” and the dotted 2 695
lines indicate the boundaries of the apparent Milky Way. These have z ZZ
been drawn with the help of the Milky Way chart by K. LUNDMARK, 5 6
which was kindly placed at my disposal by him. There are no objects (7) i
to be found neither in the south declinations nor in the Milky Way 8 1
zones, The grouping of the objects in high galactic latitudes is very 12 ‘:
prominent. These effects will be further discussed later on. The similar

distribution® of LuNDMARK’s double galaxies should, however, be noticed. Total 827

CHAPTER III
PLATE MATERIAL USED FOR THE PRESENT INVESTIGATION

- 8. The present work, as far as the search for double and multiple galaxies is concerned, was performed

F at the Observatory of Heidelberg, Konigstuhl. The great collection of Bruce plates offers excellent material

- for an investigation of this kind. Before entering upon a discussion of these plates we will give a short account
of the instrument used.

The Bruce telescope, which is equipped with two photographical tubes, has been in use since the year

1900. The aperture of the photographical objectives amounts to 40 em. The focal distance is 202 cm and thus

one minute of arc corresponds to 0.59 mm on the plate. For a more detailed description of the instrument the
reader is referred to the reports of Max WoLr.?

! Mt Wilson Contr 485 = ApJ 79, p. 8 (1934). ? Upsala Medd 30, p. 82 (1927).
? VJS 35, p. 121 (1900) and VJS 36, p. 108 (1901).
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The work of observation performed at the Heidelberg Observatory has had for its principal object the
study of anagalactic objects and asteroids. The plates, the number of which amounts to about six thousand,
cover the greater part of the northern sky. As to the southern sky the plates go down to a negative declination
of about twenty degrees. Here it may be remarked that the latitude of the observatory amounts to 49°25'
north of the equator. The area covered by each plate is 6 X8 square degrees, and the exposure time, which
normally amounts to 160 minutes, generally exceeds two hours. The carrying out of these extensive observa-
tions has chiefly been the work of Max WoLr and KARL REINMUTH. For some further details concerning the
plate material I should wish to refer to RemnmuTte!, ‘Die Herschel-Nebel’.

9. From the above-mentioned extensive material those plates have been selected which are most suitable
for a general search for double and multiple galaxies. It has been our intention to cover the sky as completely
as possible with plates of a faint limiting magnitude and showing a good definition. We have also tried to secure
the greatest possible homogeneity for the material as regards these two qualities. The plates selected in this
way amount to a number of 602. Their distribution in the sky may be seen on the charts given in figures 36—
41 at the end of this paper. In the preparation of these charts the need of guidance for future photographic work
concerning double and multiple galaxies has been borne in mind. In several areas the covering of the sky is
80 good that it can be regarded as complete. There are, however, also areas where conditions are not so fa-
vourable, as for instance in the north polar regions. In Table 2 a summary is given, and there the relative size
of the covered areas in the various declination intervals is shown.

Table 2.
The size of the areas covered by the plates used.

Decl. Covered area Decl. Covered area
—20° — —10° 56 % +40° — +50° 79 %
—10 — o0 86 +50 — +60 61

o —+10 93 +60 — +70 48
+10 — +20 93 +70 — +8o0 49
+20 — +30 92 +80 — +9o0 5
+30 — +40 89 o — +90 81

For each plate the limiting magnitude at the centre of the plate has been determined by counting the
total number of stars in one square degree. The method here used will be described in detail in Chapter V where
the determination of the magnitudes of the galaxies is discussed. Fig. 4 (full curve) shows the distribution of
these limiting magnitudes for all of the 602 plates. The class breadth is two tenths of a magnitude class, and
the curve is reduced to a number of individuals that equals unity. From the figure it will be seen how prac-
tically all the values of m; are situated between 1570 and 17™5. The great positive excess of the distribution
is noticeable. The average value of the limiting magnitudes is found to be 16™3 and the dispersion around
this value amounts to 0™62. Of course, there exists a certain mean error in the determined magnitude values.
This error causes the distribution curve to fall down. Since in this case the mean error is probably small, we

! Heidelberg Veroff, Band 9 (1926).
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:élha,ve not corrected the distribution for these effects, nor have we corrected the individual values for the sys-
Rtematic errors which are connected with them. In the following investigations a somewhat approximate value
Elof the limiting magnitude will be quite sufficient.

- In this connection it is of a certain interest to determine in what way the limiting magnitude depends
on the distance from the centre of the plate. This has been investigated on fifteen plates selected in such a way
that they form a representative collection. Star counts have been performed from the centre and outwards
in four directions parallel to the edges of the plate. By taking the average values of these four series of counts,

il

0.151

0.101

0.054
0.00 : T T y r T Y P
) 15.0 16.0 17,0

Fig. 4.
The distributions of the limiting magnitudes at the centres of the plates (full curve) and at the places where the double or multiple gal-
axies are situated (dotted curve).

the limiting magnitudes have been obtained at distances from the centre of the plate corresponding to 0, 1, 2,
3 and 4 degrees. These magnitude values have then been represented by a smoothed curve.

It appears that the fifteen plates agree very well, and thus an average curve will be computed. The
limiting magnitude at the distance d degrees from the centre of the plate will be denoted by (m;); and the
value of (m;), that is obtained from the smoothed curve will be denoted by (m,;),- For the fifteen plates taken
together the average values of ((m,)d— (?n_,_)o) can thus be formed. These average values are represented by
the dots in Fig.5. A smoothed curve has been drawn, and for the sake of completeness some vertical lines have
been added, the total lengths of which are equivalent to twice the corresponding dispersions.

In the following investigations the curve of Fig.5 is used for the derivation of the limiting magnitude

at the point on the plate where the double or multiple galaxy is situated. The value of this magnitude is given
337522,
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for every object in the present
am catalogue. As it will be of some
A interest to see how these values
m [ are distributed, this is shown in
%91 Fig. 4 (dotted curve). A compa-
0.2 rison with the distribution cor-
responding to the centres of the
0.4 4 plates (full curve) is here easily
made. A remarkable but not at
-0.6 all unexpected feature is the dis-
placement of the dotted curve to
-0.6 1 the right. The more numerous
occurrence of galaxies on good

w1-0 plates is thus clearly shown.
m The above limiting magni-
"2 d tudes which have been deter-
0° / ;i 5 Zp > mined by star counts are, strictly
speaking, valid only for stars. As
Fig. 5. for galaxies, the limiting magni-
Dependence of the limiting magnitude on the distance from the centre of the plate. tude generally has a brighter

value. In addition to this there is
the difficulty of identifying very faint anagalactic objects. In Fig. 6 the distribution of the quantities (my—m)
for all galaxies in the present catalogue is shown. Here m, denotes the limiting magnitude of the plate at the
situation of the object and m is the corrected magnitude® of the galaxy. It appears that the values of the quan-
tity (m,—m) is generally not smaller than one magnitude. Thus in practice the limiting magnitude for galaxies
is approximately one magnitude class brighter than for stars.

10. 1t is, of course, of great importance to try and determine how large a part of the plate can be used
with advantage for an investigation of the present kind. In general all the double and multiple galaxies which
are to be found on a plate are included. In the statistical investigations undertaken in the following chapters
it may, however, be advisable to exclude objects which are at large distances from the centre of the plate in
order to make the material more homogeneous. The influence of the distance from the centre of the plate on
the limiting magnitude has been discussed above. For the sake of completeness we should here like to demon-
strate how the number of objects pro unit area of the plate decreases when the said distance grows larger. Thus
also the poor image definition near the edge of the plate is taken into consideration. :

In Fig.7 the galaxies are divided into two groups corresponding to bright and faint values of the corrected
apparent magnitude. The full curves show the number of galaxies to be found on all the plates within a certain
distance, d, from the centre. In the dotted curves an illustration is given of how matters would be, if all areas
on the plates were of the same quality as the central areas. When the distance from the centre of the plate
is smaller than three degrees, these curves are straight lines. As regards the brighter galaxies the deviations

! See Chapter V.
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between the two curves aresmall,
and are perhaps partly to be
explained through the fact that
the plates cover each other and
that the objects have in some
cases been measured only on the
best plate. As to the faint ga-
laxies, however, all objects on a
plate have always been included.
In this case the curves deviate
from each other in a high degree.

For the above reason it
has been considered appropriate
to define as an effective plate
area the circular area that has a
diameter equal to the breadth
of the plate. Thus only objects
within a distance of three degrees
from the centre of the plate have
been included in the statistical
investigations in the following

EXAMINATION OF THE PLATES

19

N
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Fig. 6.

Distribution of the differences between the limiting magnitude of the plate and the
magnitude of the galaxy.

chapters. It may be remarked that this distance is given for every object in the present catalogue. By
calculating the solid angle, w, that corresponds to the effective areas of all the plates the following value

is obtained:

o = 0.35.47% = 4.40.

Thus about one third of the sky has been covered by these reduced plate areas.

CHAPTER 1V

EXAMINATION OF THE PLATES

11.  All the data included in the present catalogue have been collected from the plate material discussed
in the preceding chapter. In the present chapter we will describe how the plates have been examined and how
the apparent properties of the objects have been measured or estimated. The accuracy of the determined values
will also be discussed to some extent here.

The search for double and multiple galaxies on the plates has been performed by means of a small eye-
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piece having a magnifying power of approximately five times. The field of sight has amounted to half a square
degree. All the double and multiple systems thus found on a plate have generally been measured, and a great
deal of the plate material has been examined once more in order to secure completeness. Since the plates as
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Fig. 7.

Number of objects at different distances from the centre of the plates.

a rule cover parts of each other', many objects have been measured twice, and both of these measurings have
been included in the catalogue.

When due consideration is given to the way in which the faintest objects discernible on a photographic
plate are photographically “built up”, it is quite clear that it will enter as a source of error that faint stars may
be mistaken for faint galaxies. From the experience obtained from the objects occurring on more than one plate
it can be concluded that it is very unlikely that many of the galaxies included in the present catalogue should

! Bee the charts given at the end of this paper.
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in future work prove to be stars. Further, I have had the privilege to discuss uncertain cases with Dr. K. REIN-
mutH and to use not only his wide experience but also his manuscript notes and catalogue.! Altogether, it
geems justified to conclude that the source of error in question cannot have any statistical importance in
connection with the topics under discussion in this paper.

12. The positions have in general been determined through connections to near-by BD-stars. The rela-
iive rectangular co-ordinates from the star to one of the components, generally the brightest one, have been
measured by means of a small measuring stick divided into minutes of arc. The nearest star has always been
used in order to secure accurate values, and the distances have been estimated in half minutes of arc. The
positions of the stars have been taken from the AG-catalogues, except in a few cases, where the star was faint
and the BD-catalogue had to be used. All the positions thus obtained have been reduced to the equinox 1900.0.
It is clear that the co-ordinates do not claim higher accuracy than has been considered necessary for identifica-
tion purposes.

Using the above principal component as origin, the relative co-ordinates of the other components have
been determined by measuring the radius vector and the position angle. As the components are generally si-
tuated very close to each other, the distances have in this case been estimated in tenths of a minute of arc.
The position angles have been determined by using a revolving eyepiece equipped with a reticle and a graduated
circle. These co-ordinates have then been transformed into rectangular ones, and in this way the values of
Adea cos ¢ and of #/0 have been obtained for each component.

It would be of some interest to see how accurate the positions determined in such a way are. It was pointed
out above that several objects were measured on two different plates. In the present catalogue 47 systems of
that kind are to be found. The following mean errors have been deduced from the differences which are to be
found in the above cases:

e(d)= elacosd) =06

e(40)=¢(da cos 6) = 0".15.

Here ¢ and « denote the declination and the right ascension of the principal component, while #4¢ and Ja
are the relative co-ordinates within the system under consideration.

13. For each one of the galaxies the apparent total magnitude and the apparent dimensions have been
estimated and measured. In the cases where well defined nuclei are to be found, the relative brightnesses and
dimensions of these have also been determined. The methods used here will be accounted for in the following
chapters, and in these the errors in the measurements will also be discussed.

14. The position angle of the largest diameter of a galaxy has been determined by means of the revolving
eyepiece. In the catalogue this angle has been denoted by ¢. For an examination of these values we can use
K. REINMUTH’S! catalogue, ‘Die Herschel-Nebel’, which has many objects in common with the present cata-
logue. In Fig. 8, where the straight line is inclined forty-five degrees, the relation between the two sets of
values is illustrated. The agreement is very good. Eleven values have, however, been excluded on account of
considerable discrepancy. As to some of these values, REINMUTH has pointed out their doubtfulness, and in

! Heidelberg Versff, Band 9 (1926).
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Relation between the position angles as measured by ReiNnmMuTH and by HOLMBERG.
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the other cases the conceptions of the two observers of the apparent appearance of the galaxy may be different.
The following values of the coefficient of correlation, r, and of the mean error, ¢ (¢), have been obtained:

r = +0.988 + 0.001 &(p) =5°9.

In the determination of the mean error the assumption has been made that the error has the same value in
both catalogues. Thus is has been found that the position angle can be determined very accurately. By means
of the objects in the present catalogue that have been measured on two different plates, similar results have
been obtained.

156. The type of a galaxy has been determined according to M. WoL¥F’s classification. This system is very
de"cailed, and it gives a very good description of an object by using all the small letters a—w. The system has
been used by REINMUTH in his great catalogue, ‘Die Herschel-Nebel’, mentioned above, and in this catalogue
there is to be found a photographic description of the various types. In order to make comparisons with this
catalogue possible, it has been considered appropriate to use WoLF’s classification here.

Some remarks concerning the classification should be given. The types d and e have been characterized
by WoLF as consisting of round objects. Since, however, a small ellipticity is very common, somewhat elong-
ated objects have also been included in these classes in the present catalogue. In the cases where it has been
possible to distinguish the direction (right or left handed) of the arms of the objects, it has as usual been
denoted by S or 2. A further discussion of the types and of their distribution will be found in Chapter IX,
where some conclusions regarding. the stability of the classification will also be drawn.

16. The concentration of light towards the centre has been estimated for each galaxy. Several different
definitions of this concentration have been used by Kxur LunpmMarRk, HaARLOW SHAPLEY and others. Thus
LuxpmaRk' has made use of the increase of the surface magnitude towards the centre of the object. In this
connection it is of interest to make a comparison with the definition used by P. CoLriNDER? for open clusters.
The concentration has been defined by him in a similar way to that used by the present writer.

In this paper the concentration of light towards the centre of the galaxy has been defined in the following

Avgv‘ay. The relative size of the surface at the centre of the object, which represents half the total light is indicated

by p. The value of 1/p can then be considered as a measure of the concentration. If this value is diminished
by two units the concentration ¢ thus is defined in the following way:

(5) - ' c= 1/p—2.

In practice the concentration has been estimated in integral numbers. It has, however, proved convenient to

‘introduce the intermediate step --0.5, because this value occurs very frequently.

Concerning the types d and h,, where the surface brightness is about the same at different points, the
value of the concentration becomes 0, while the type b (planetary nebula) can have a concentration value equal
to —1. For the other types the concentration generally has positive values. For objects in which well defined
nuclei are to be found large concentration values can be obtained. Here the estimations are considerably sim-
plified through the circumstance that the nucleus often contains about half the total light. On the whole, the
use of the definition suggested above has proved to be very convenient.

¥ Lund Circ 3 (1931). ¥ Lund Ann 2 (1931).
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CHAPTER V _
APPARENT MAGNITUDES OF THE GALAXIES

17. A very important question is how to determine the apparent total magnitudes of anagalactic objects
in a correct and easy way. Especially for an investigation into the spatial arrangement within the metagalactic
system accurate values of the apparent magnitudes are necessary.

Some problems, however, arise in this connection. The galaxies are surface objects and thus the diffi-
culties which are always connected with the photometry of objects of this kind appear here, too. The irregula-
rities in the shapes of the galaxies and the different degrees of condensation naturally enough will influence
the measured magnitudes.

A further complication is added to the problem in this special case. The image of a certain galaxy on
the plate is generally comparatively bright at the centre, but the surface brightness decreases outwards. The
diameter of an object in a high degree depends on the limiting magnitude and the quality of the plate, especially
in the case of faint objects. As regards very remote and hence on an average faint and small galaxies probably
only the nuclei are to be seen on the plate. These effects may exercise an influence also on the determination
of the magnitudes. If the total brightness of an object is summed up from the centre and outwards, a rapidly
decreasing series is generally obtained. The convergence is not, however, always so large that the outer parts
of the object can simply be neglected. Thus in the case of faint galaxies it is necessary to apply several cor-
rections to the measured magnitudes.

Many methods have been suggested and also to some extent used for the determination of magnitudes
of anagalactic objects. The luminosities should be given in the international system of photometric magnitudes,
and the problem is then in general to photograph a set of standard stars and a galaxy in such a way that the
images will be as comparable as possible.

E. P. HusBLE' has obtained the magnitudes of fifteen elliptical galaxies by integrating intensity curves
of these objects made with a self-registering microphotometer. Because of the great labour involved, this me-
thod cannot be extensively used.

A moving-plate camera® offers a photometrically very exact method of determining magnitudes of galaxies.
If the objects are spread over an area several times wider than the maximum diameter, all irregularities are
effectually smoothed out. P. C. KeENaN®, who has discussed this procedure, points out that two serious dif-
ficulties are, however, to be taken into consideration. Thus the exposure times are considerably lengthened,
and further the presence of numerous foreground stars close to the galaxy may hinder the employment of these
large images.

In the same paper KEENAN gives an account of the determination of magnitudes by comparing images
of galaxies with images of stars, all taken out of focus. By using this procedure it is possible to obtain images
of about the same size for both classes of objects. KEENAN has found that this method gives satisfactory
results.

! Mt Wilson Contr 398 = ApJ 71, p. 231 (1930).
? See a description by W. H. CurisTiE, Mt Wilson Contr 476 = ApJ 78, p. 313 (1933). 3 ApJ 82, p. 62 (1935).
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For the vast majority of anagalactic objects the above methods cannot be used. As for the very great
number of faint galaxies, comparisons with the standard stars must be made on plates taken in focus. Thus
the large Harvard survey' of more than seventy thousand galaxies is carried out in this way. In this survey
the magnitudes of bright objects have also been determined by comparisons of in-focus images of stars and ga-
laxies. Small scale plates have, however, been used in this case in order to produce the smallest possible dia-
meters of the galaxies. The investigations of C. K. SEYyFert?, A. E. WaITFORD® and P. C. KEENax® have proved
that these magnitude values are free from any appreciable systematic errors.

18. In the present investigation the galaxies have been directly compared with neighbouring stars and
galaxies on the plate. A small eyepiece of about five times magnifying power has been used for the compari-
sons. Three methods have generally been combined for the estimation of the magnitude of an object. First,
the galaxy can be compared with one star only of about the same brightness. This involves a summing up
of the different parts of the galaxy, which requires great experience in the observer, especially in dealing with
large and bright objects. More reliable values may be obtained by using stars for this integration. Every part
of the galaxy is thus compared with a star of about the same intensity of blackening, and the magnitudes of
these stars are then summed up. Finally, the galaxies which are to be found on the same plate can be com-
pared with one another. The distances from the centre of the plate ought to be the same in these cases.

19. On Dr. LunpmMARK’s suggestion the apparent magnitudes of the comparison stars have been de-
termined by star counts. P. J. vaxn Ruwx® and F. H. SEares® with collaborators have, by using principally
the Selected Areas, computed tables where the star numbers can be obtained as a function of limiting magnitude,
galactic latitude and longitude. By using these tables it is possible to find the photographic magnitude of any
star by counting the number of stars per square degree brighter than and equal to the selected one. For a more
detailed account of the method used we beg to refer to KNuT LuNDMARK’S’ article in Handbuch der Astrophysik.

The above method for deriving apparent magnitudes was probably first used by A. vax Maanen.® In
this way he determined the magnitudes of certain objects, e. g. planetary nuclei, included in his parallax pro-
grams. Later on the method has become generally used through the works of KNuT LuNDMARK, HARLOW SHAP-
LEY and others. In an extensive paper C. K. SEYFERT® has determined the magnitudes of more than seven
thousand faint galaxies by establishing magnitude sequences by star counts.

In the above paper SEYFERT makes an investigation of the errors arising in stellar magnitudes determined
by star counts. The estimated magnitudes are compared with the values obtained through a comparison with
the stars in a Selected Area. The mean error of the estimated values was only 0714. No systematic deviations
could be found.

In the present investigation we have used a diagram constructed by Dr. LuNDMARK, who has been kind
enough to place it at our disposal. In Fig. 9 this diagram is reproduced. The galactic latitude is to be found
as abscissa, and the apparent photographic magnitude as ordinate. The various curved lines correspond to
different numbers of stars per square degree. The diagram thus is a variation of Fig. 2 in the Contributions
from the Mount Wilson Observatory, No 301.

! Harvard Ann 88, No 1 (1930), Harvard Ann 88, No 2 (1932), Harvard Ann 88, No 3 (1933) and Harvard Ann 88, No 5 (1935).

! Harvard Circ 403 (1935). ® Mt Wilson Contr 543 = ApJ 83, p. 424 (1936). ¢ ApJ 85, p. 325 (1937).
® Groningen Publ 43 (1929). ¢ Mt Wilson Contr 301 = ApJ 62, p. 320 (1925) and Mt Wilson Contr 346 = ApJ 67, p. 24 (1928).
" Loc. cit., Band VII, p. 486 (1936). 8 See e. g. Mt Wilson Contr 182 (1919).

® The paper is not yet published. A copy has kindly been placed at the disposal of Dr. LUNDMARK.
4—37522.
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Fig. 9.

Diagram for the determination of apparent magnitudes from star counts.
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Concerning this diagram some remarks ought to be made. In reality the curves give the average value
of the number of the stars, F(m), that are brighter than or equal to the magnitude m. When using the diagram
we assume that the magnitude m is the average value that corresponds to a given value of the number F(m).
A further approximation is introduced by neglecting the influence of galactic longitude and the deviations
between the northern and southern galactic hemispheres.

Between the observed values of the number F(m) and the adopted mean values certain deviations are
thus to be found. These may be treated as accidental ones, and they will contribute to the mean error in the
final magnitude values. An illustration of the deviations is given in Fig. 1 in the Contributions mentioned above.
An approximate investigation has shown that in high galactic latitudes the deviations will cause errors in the
final magnitude values at most amounting to four or five tenths of a magnitude.

20. In this way the apparent photographic magnitudes of the objects in the present catalogue have been
determined. As it may be tacitly assumed that errors of different kinds exist in the estimated values, compa-
risons with magnitude values determined in other ways are of great interest. Concerning the objects brighter
than 13™0 the catalogue of H. SHAPLEY and A. AMES! can be used. As to the fainter objects, corrections will
be computed from the material itself by means of the objects which have been measured on two different plates.
For compurisons we can in this case make use of the great catalogue of Miss AMEs?, which contains objectsin
the Coma-Virgo group and is complete down to a magnitude fainter than 170. It has, however, been pointed
out above that these faint magnitudes are probably systematically too faint, because, in this case, only the
central part of the galaxy is shown on the plate. Concerning the fainter objects it has thus been considered
more appropriate to try to derive corrections from the material at-hand.

Of the galaxies of the present catalogue a number of 160 is to be found in the above catalogue of SHAPLEY
and AmEs. As the magnitudes given in the latter catalogue seem to be free from any noticeable systematic
errors, and the mean error is small, the deviations between the two sets of magnitude values must for the greater
part be ascribed to the present catalogue. The differences, (my — mg,) = 4, may be assumed to depend on the
quality of the plate used and on the apparent appearance of the object. The galactic longitude and latitude
may also have some influence.

In practice the following arguments have proved to be of importance in dealing with the errors in the
estimated magnitudes: '

A. The distance of the object from the centre of the plate (=d).

B. The difference between the limiting magnitude of the plate at the situation of the object (= m,) and the
true magnitude of the object.

C. The true magnitude of the object.
The following formula has been applied:

1 3 3 4
(6) 4 = ¢ +cy-d* +c5-(m—mg) + c,-mg, .

Here every variable has been denoted by a number. The magnitude values of SHAPLEY-AMES have been used
to represent the true values. The following values, with mean errors, of the ordinary coefficients of correla-
tion, 7, and of the corresponding partial coefficients, R, have been obtained:

! Harvard Ann 88, No 2 (1932). 3 Harvard Ann 88, No 1 (1930).
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19 = —0.160 + 0.077 R,y = —0.164 + 0.078
ry = — 0.020 * 0.079 Ry = —0.047 + 0.080
re = + 0.064 + 0.079 R, = + 0.086 + 0.079.

All the connections prove to be linear. The correlations, especially the second one, have small values, but as
similar values are obtained below in the examination of objects measured on two different plates, the results
are probably real. '

Thus an object is estimated too bright, when the distance from the centre of the plate is large. This can
be explained through the corresponding spreading out of the object. Concerning the other two correlations,
they suggest that faint galaxies are underestimated in comparison with bright ones.

By using the general formulae of multiple correlation' the following expression is obtained of the
average value of the difference o that corresponds to different values of the above arguments:

) 4 = —1.32 — 0.027 d* — 0.062 (m, — mg,) + 0.144 . mg, .

Here the distance d is measured in degrees. If the value mg, is exchanged for (my — ), the following value of
the average correction, which should be added to the estimated magnitude my, is obtained:

(8) corr = + 0.02 d* + 0.05 (m, — mg) — 0.12 (my; — 9.0).

The corrected magnitudes have been examined for errors depending on the diameter of the object and
on the galactic longitude and latitude. With regard to the apparent dimensions, no real dependence is to be
found. Only a few of the smallest objects have been estimated too faint. Similarly, the galactic co-ordinates
seem to have no appreciable influence.

In Fig. 10 a comparison is made between the corrected magnitudes of the present catalogue and the Harvard
magnitudes. Here also faint objects are included. They will be discussed later. Concerning the brighter ga-
laxies no systematic deviations between the two sets of magnitude values are to be found. In a few cases only
the differences are greater than one magnitude. Here it may be remarked that such large differences can be
partly explained through a divergent conception of the extent of the object. The estimation of the faint outer
parts of a galaxy may change with the observer, the quality of the plate, and the focal distance of the instru-
ment used. g

In the cases where the Harvard magnitude is equal to 12™8 — 1370 the deviations are somewhat larger.
Possibly this is due to the fact that we are here approaching the limiting magnitude of the catalogue of SHAPLEY-
AwmEes. If the above values are excluded, we get a dispersion in the remaining differences equal to 0749. From
the investigations of SEYFERT and KEENAN mentioned above it appears that a mean error of about 0”2 is prob-
ably to be found in the magnitudes of SHAPLEY-AMES. On account of the above considerations regarding the
faint outer parts of a galaxy this is perhaps a minimum value. We thus get the following value for the mean
error in the brighter corrected magnitudes of the present catalogue:

& (Meorr) =< 0745,

! See Lund Medd I, No 66 (1015).
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Relation between the corrected magnitudes of the present catalogue and the Harvard magnitudes.

21. Most of the objects in the present catalogue are fainter than 1370. In this case an

. attempt has been made to derive corrections from the material itself. All the 102 galaxies which

have been estimated on two different plates have been used for the application of the following
formulae.

If an object has been measured on two different plates, these may be arbitrarily denoted by « and b. The
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corresponding values of the errors in the estimated magnitudes are denoted by 4, and 4,, the corresponding
values of an argument by x, and x,. The following arrangement may be used:

1 2
o 4,
3 4
La Xy

We assume that the arguments z, and x, have known values, and we want to find the regression of 4 on z,
i. e. the coefficient of correlation r (= r,,) and the dispersion ¢,(=g,). The problem is indeterminate, unless
certain assumptions are made.

From the known differences (4,—4,) = (1—2) and (z, — x,) = (3—4) the following connections can be
obtained:

() "1—a), (3—1) " Tn—2) * Fg—s) = 20,04 (ris — 714)
(10) 0oy =V20,V1—r,.

These equations contain the four unknown quantities »,,, r,,, r,, and ¢,. If we assume that the partial coefficient
of correlation R,, (= R,,) is zero, which must in this case be considered as a fair approximation, another equation
is obtained!:

1 T1s re |=0
(11) T2 ¥14 "1
"4 T84 1

As a fourth equation we may use the value of o, derived above. Thus:

In this way a sufficient number of equations has been obtained and the value of r,, can be computed.

As arguments, , the quantities d* and (m,— m) will be used. The distance, in degrees, from the centre
of the plate is still denoted by d, and the difference (m,— m) corresponds to the true magnitude of an object
measured from the limiting magnitude of the plate, at the situation of the object, as zero-point. Thus the estim-
ated magnitude my is not used in the formulae. It should of course be remarked that we do not know the quan-
tity (m,— m). For the deriving of the corresponding moments we can, however, make use of the moments of
the known quantity (m, —my) = (m, —m — ). The procedure discussed here may perhaps seem somewhat
complicated, but in practice the computations can be rapidly carried out by means of successive approximations.

In the computation of the numerical values the material has been divided into two classes according to
the estimated magnitude (my < 13™5 and my > 13™5). The number of individuals in the two groups is about
the same. For the sake of brevity the error in the estimated magnitude may be denoted by index 1 and the
arguments d° and (m,— m) by index 2 and 3 resp. The numerical results are then as follows:

! See Lund Medd I, No 66 (1915).
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o} A my < 1375:
5 y . s = — 0.29 R,= —042
:_—': 7‘13 = = 0.33 R]a = e 0.45
B.  my>13"5: |
rig= —0.12 B;=—020
713 = — 0.30 R, = —0.34.

Especially concerning bright objects it thus appears that the distance from the centre of the plate will
influence the estimated values. Further, it is evident that faint objects are estimated too faint. The same
effects have thus been found here as by the above comparison with the magnitudes of SHAPLEY-AMES.

As regards the corrections the following expressions are obtained:

my < 1376 : corr = + 0.03.d* + 0.17 (m, — my) + const
13)
( my > 1375 : corr = + 0.02.4d* + 0.17 (m, — my) + const.
Here the estimated value my has been introduced in the same manner as in formula (8).

The very great similarity between the coefficients in formulae (8) and (13) is remarkable. As final
correction formulae the following two have thus been adopted:
mg < 1870 : corr = + 0.02.d* + 0.05 (m, — my) — 0.12 (m,; — 9.0)
(14)

my > 1870 : corr = + 0.02.d% + 0.17 (m, — mg) — 0.91.

The constant —0.91 has been obtained by assuming the two formulae to give the same corrections for my =
1370 and m, = 16™6. The latter value agrees with the corresponding average value.

22. Concerning the faint objects which have not been compared with the catalogue of SHAPLEY-AMES
another correction is to be applied. The mean error causes a falling down of the distribution curve of the magni-
tudes, and thus systematic errors are introduced into the magnitude values. In accordance with the investi-

gations of A. 8. Eppinaron® and of C. V. L. CHARLIER® the average correction can be expressed in the following
form:

d{ln. N
(15) corr = ¢? - __(_71’.__.._("1_)) .
Here ¢ is the mean error and N(m) is the observed distribution function Table 3.

of the magnitudes. The natural logarithm is denoted by In.
As the corrections are dependent on the square of the mean error,
it is important to obtain a correct value of this. In this particular case

Statistical corrections lo the estim-
ated magnitudes.

a value of 0™3 has been assumed. This may perhaps be too small a . my corr
value, but it has been considered more appropriate to assume a value m m m
too small than one too large in order to avoid overcorrection. The cor- 12 : : iz : :Z ;
rections thus obtained will be found in Table 3. 16. 6 —17. © —o 3
23.  As it will be of some interest to see how the double-measured 1T 4

j T

! Stellar movements, p. 172 (1914). * Lund Medd I, No 68 (1915)."
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objects agree with one another, this has been illustrated in Fig. 11. The corrected magnitude values have
been arbitrarily denoted by m, and m,. The coefficient of correlation has a very high value:

r = + 0.956 t 0.009.

It may be remarked that the two estimations of the magnitude of an object have always been made inde-
pendent of one another. In fact, it was generally not possible to decide until the final reduction whether
a galaxy had been measured on two different plates or no.

A,

6™

15 1

I 1

13 1

12 1

n

10 1

10 1" 2 /3 A 15 16

Fig. 11.
Relation between the magnitude values estimated on two differentzplates.

From the dispersion in the differences found above the following value of the mean error in one single
estimation is obtained:

g = 0726.

This error may be termed the internal mean error, and it must be smaller than the total or external one. For
it can be assumed that if an object is estimated on several different plates, the errors in the estimated values
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are nevertheless correlated with one another, since the observer and the procedure used are the same, and the
plates are taken with the same instrument under similar conditions.

24. In Fig.10 which has already been discussed above as far as the bright objects are concerned we can
see how the faint corrected magnitudes agree with the values given by Miss AMEs' for objects in the Coma-
Virgo group. The systematic deviations found in the figure are exclusively due to the corrections applied
to the estimated values. 1f the estimated magnitudes had not been corrected, they would have been in good

N(m)
A
3001
2001
100-
T M

Fig. 12.
Distribution of all the magnitude values of the present catalogue.

agreement with the values of Miss Amrs. Through the application of the corrections an attempt has been made
to derive the real total magnitudes of the galaxies. The accidental errors in the faint magnitude values seem to
be somewhat smaller than for the bright magnitudes.

The systematic deviations between the two sets of magnitudes at most amount to about one magnitude.
Here it may be of some interest to refer to Fig. 19 (Chapter VII) where the relative brightness of the nuclei of
galaxies of different types is illustrated. Concerning the spirals the figure shows, in agreement with exten-
sive unpublished observations by K. LuNDMARK, that the nuclei are generally one or two magnitudes fainter
than the objects themselves.

! Harvard Ann 88, No 1 (1930).
5—37522.
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25. In Fig. 12 the distribution of all the corrected magnitudes included in the present catalogue is given.
Even in this figure it is indicated that the material should be complete down to a limiting magnitude of about
14™5. This will be discussed more in detail in a following chapter in connection with some investigations into
the spatial arrangement of double and multiple galaxies.

26. Of the objects in the present catalogue a number of 1565 have been measured in the Zeiss thermo-
electric photometer of the Heidelberg Observatory. A catalogue of these values is to be found at the end of
this pa,per.l The standard stellar magnitudes have been taken from the Selected Areas. Since the large scale
Bruce plates are used, the bright galaxies have large diameters on the plate. It is a well known fact® that a
comparison with stars in this case will cause large systematic errors in the measured magnitude values. The
present measurements are intended as a small contribution to the nature of these systematic effects concerning

the Bruce plates.

The Selected Areas as well as the galaxies measured are generally situated near the centres of the plates.

- If the distances from the centre are not equal, the corrections to be applied to the measured magnitudes have
' been given the same values as the differences between the corresponding limiting magnitudes of the plate.
. These have been determined by star counts. The procedure is perhaps not quite correct, but as the corrections

always have small values, it may in this case be permissible.
In Fig. 13 the systematic deviations of these magnitudes, myim, and their dependence on the apparent
size and brightness of the objects can be seen. Here the corrected estimated magnitude value is denoted by

. Meor, and the large and small diameter, in minutes of arc, of an object are denoted by a and b.

The two connections which are illustrated in the figure are of a linear nature. If the quantity (mpim—mcorr)
is denoted by index 1, mcorr by index 2 and log ab by index 3 the following numerical values, with mean errors,
of the coefficients of correlation can be given:

e = + 0.829 + 0.025 R,;= + 0.525 + 0.059

rig=—0.788 + 0.030 R, = —0.350 + 0.071.

The straight lines in the figure give the regressions of (mMptm—mMcorr) and Meorr on log ab and mpim resp.
The systematic deviations of the measured magnitudes thus depend on the size and the brightness of

the objects. If we correct for these effects, and if the mean error of the corrected estimated magnitude is put
. equal to 074, we get the following value of the mean error of the corrected photometric magnitude:

& (mptm) = 0746,

| As may be expected, also large deviations of an accidental nature thus are to be found in the photometric

magnitudes.

! See Appendix I. ? Cf. P. C. KeenaN, ApJ 82, p. 62 (1935).
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CHAPTER VI
APPARENT DIMENSIONS OF THE GALAXIES

27. The measuring of the apparent dimensions of the galaxies has been performed in two directions gene-
rally perpendicular to another and corresponding to the largest and the smallest diameter. In some cases—as for
instance type vin WoLF’s classification—the directions are not at right angles to one another. A measuring stick
divided into minutes of arc has been used, and in the present catalogue the diameter values are given in tenths
of minutes of are.

The extensive and very accurate catalogue of K. REINMUTH! can be used for an examination of the ac-
curacy of the diameter values. Of the galaxies included in the present catalogue, 531 are to be found in the
catalogue of REINMUTH. The comparison as regards the major diameter, a, is illustrated in Fig. 14. Twenty-
two points, however, fall outside the frame of the figure. No appreciable systematic deviations are to be found
between the values of the two catalogues. The following values of the coefficient of correlation, », and of the
mean error, ¢(a), in an individual diameter value are obtained:

r = + 0.957 + 0.004 e(a) = 0'4.

The value of the error ¢ (a) is computed on the assumption that it is the same in the two catalogues. The
very high value of the coefficient of correlation indicates that the two sets of diameter values are in excellent
agreement with one another.

The mean error is, of course, to some extent dependent on the size of the diameter. Concerning very
small objects the mean error also seems to be small. The deviations in the diameter values must only for a
small part be considered as ordinary measuring errors. They mainly depend on the different appearence of the
objects on different plates. In the two above catalogues the objects have, however, sometimes been measured
on the same plates.

28. As regards anagalactic objects, only the central parts are generally to be seen on the plate. The
relative size of the visible part may depend on the type of the object and on the quality of the plate, including
the limiting magnitude. On account of instrumental effects, the influences of bad seeing and the effects pro-
duced by possible metagalactic absorption, the measurable diameter will also be dependent on the distance
of the object.

This is valid also for bright galaxies. Thus E. P. HusBLE? by determining the distribution of light in
fifteen elliptical objects has found a very marked dependence of the diameter on the exposure time. Further
H. SuapLEY® has examined a number of bright objects including the great galaxy in Andromeda, and he has
shown that the diameters can be highly increased by using more accurate methods. Similar investigations
have been made by J. SressInNs and A. E. WHITFORD.*

As regards faint objects, it has been pointed out several times that only the central parts, perhaps only

! Heidelberg Veroff, Band 9 (1926). 2 Mt Wilson Contr 398 = ApJ 71, p. 231 (1930).
3 Harvard Bull 895 (1934) and Harvard Ann 88, No 4 (1934). ¢ Mt Wilson Comm 113 = Wash Nat Ac Proc 20, p. 93 (1934).
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Fig. 14.
Relation between REINMUTH’s and HOLMBERG's diameter values.

§ the nuclei, are to be seen on the plate. Thus K. LunpDMaRK states that when photographing a faint galaxy

* with intense central parts we generally only get a round image corresponding to the concentrated nuclear parts.
- Lunpmark draws the conclusion that we do not know the real apparent dimensions of small galaxies.

! Upsala Medd 30 (1927).
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The distributions of the quantities 5 log @ (full curve) and m (dotted curve).
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Relation between apparent dimensions and apparent magnitudes.

In the present material the
systematic effects in the apparent
dimensions of the objects are
clearly brought out. In Fig. 15
(full curve) the distribution is
given of the values 5 log a for
all the objects in the present
catalogue. The dotted curve cor-
responds to the distribution of
the corrected estimated magni-
tudes for the same objects. The
number of individuals is denoted
by N(5 loga) and N(m) respect-
ively, and the horizontal axes of
co-ordinates have been displaced
in such a way that the two curves
coincide with regard to the bright
objects. 'If we neglect the influ-
ences of the dispersions in the
absolute dimensions and in the
absolute magnitudes, the two
curves ought properly to coincide
completely. The large displace-
ment of the full curve to the
right indicates that large syste-
matic errors are to be found in
the small diameter values. If we
accept the observed diameters of
the brightest objects as standards
we can obtain the following aver-
age relation from the figure:

(m + b log a) = + 14.5.

The correlation between the
values of log @ and the corrected
magnitudes may also be of in-
terest. In Fig. 16, the dots corre-
spond to the observed average
values of log @ in different magni-

The total length

tude classes.

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1937AnLun...6....1H

ABSOLUTE MAGNITUDES AND DIMENSIONS OF ANAGALACTIC OBJEOCTS 39

of the vertical lines corresponds to twice the dispersion around the mean values. If no systematic errors were
to be found in the diameter values, the connection would approximately follow the dotted line which corresponds
to the relation between the apparent magnitude and the apparent diameter that was given above. Thus
the figure shows that the small diameter values are systematically too small in comparison with the large values.

The difference 4 log a between the objects in the same double or multiple system is of great importance
for the computation of the dispersion in the absolute dimensions. If the true angular diumeter is denoted by
a', we can obtain the following average connection by means of the relations given in Fig 16:

Alogd = 0.8.41og a.

In this way the influence of the systematic errors can be approximately neutralized.

The systematic errors in the observed apparent diameters may be assumed to depend on the same ar-
guments as in the case of the apparent magnitudes. Since, however, the errors in the diameter values are
very large and to a high degree depend on the type of object, no attempt has been made to compute
any corrections here. In the sequel it will be shown that the dispersion in the absolute dimensions is very
large. Thus the diameters are in any case of small importance as distance indicators.

CHAPTER VII

ABSOLUTE MAGNITUDES AND DIMENSIONS OF ANAGALACTIC
OBJECTS

29. The determination of the absolute magnitudes and the absolute dimensions of anagalactic objects
is of very great importance especially for investigations into the spatial arrangement of the metagalactic
system. Several methods have been outlined and used in order to determine the individual values of these abso-
lute properties and their statistical distributions. In this chapter we will discuss the results that can be ob-
tained from metagalactic clusters and from individual anagalactic objects. Further, it will be shown that
double and multiple galaxies are of great importance for the solution of these problems.

The observed properties of metagalactic clusters can be used to determine the distributions of the absolute
luminosities and dimensions of the galaxies. In general, it can be assumed that the components of such a cluster
are situated at practically the same distance from us. Thus the distribution of the apparent magnitudes will
agree, with regard to its form, with the distribution of the corresponding absolute magnitudes. The same is
true for the logarithms of the diameters. As, however, the apparent diameters of these generally small and
faint objects are affected with considerable systematic errors’, the distribution does not interest us so much
in this case.

A great many clusters exist in which the number of components amounts to several hundred. The Virgo

i cluster (centre at ¢ = .l2h25m, d = +12°5, 1930) and the Coma cluster (centre at « = 12"55""5, § = +28°20’, 1930)

! See Chapter VI
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are those best investigated of these agglomerations. The former has been the subject of thorough invest-
igations at the Harvard Observatory.! The Coma cluster was discovered by M. WoLs? and has been investigated
at Harvard® and at Mount Wilson.

When investigating the distributions of the apparent magnitudes for the above clusters we find that
the distribution curves agree very well with normal error curves. In any case, the material is not extensive
enough to enable us to obtain reliable values of the skewness and the excess of the distribution. Concerning
“the dispersion in the magnitudes the following values and mean errors have been derived:

Virgo cluster: g, = 0.'94 + 0”08 (from Harvard Circ 294)
Coma cluster: 0, = 115 + 0705 (from Mt Wilson Contr 427)
g, = 0794 + 0¥03 (from Harvard Bull 896).

The value obtained from the Virgo cluster may be regarded as somewhat preliminary as being founded only
upon the brighter part of the magnitude distribution curve.

Thus we obtain a dispersion in the absolute magnitudes of the cluster components which is very close
to one magnitude. Assuming the clusters to contain a representative selection of galaxies we can assume the
above result to be valid for galaxies in general. Further on in this chapter we will discuss this selection effect
in as far as it concerns double anagalactic objects, and it will be shown that the dispersion ought to remain
approximately constant even when a certain selection effect is considered. Supposing this to be valid for
clusters too, the dispersion values obtained above can be assumed to possess a general signification.

30. With regard to individual anagalactic objects, absolute magnitudes and dimensions can be obtained
only for those galaxies to which the distances have been determined in some way. It is possible to use as distance
indicators all resolved objects to be found within the galaxies, the absolute properties of which are known from
investigations of our own galaxy. In the first place we have to consider cepheids and novae and the brightest
resolved stars. Cepheids were discovered in spirals by E. P. HUuBBLE in 1925, while two novae were found in
the Andromeda galaxy by G. W. RircHEY already in 1912. Resolved stars were first used by K. LUNDMARK
as distance indicators in 1920. The latter method has proved to be of very great importance, since in most cases
a beginning resolution into separate stars can be found for the bright galaxies. Cepheids and novae have been
discovered only in a few of the brightest objects. They are, however, of general importance in the calibrating
of the distance scales. For a further discussion we beg to refer to LuNpDMARK®, ‘Studies of anagalactic nebulae’.

As early as 1927 LuNpMARK® determined the absolute magnitudes and dimensions of 29 anagalactic ob-
jects. The brightest resolved stars were used in deriving the distances. For these stars an average absolute
magnitude of —7™0 was assumed. The following average values and dispersions, with mean errors, were
obtained:

M =—15%8 + 02 log 4 = +3.35 1 0.08

= 1723 + 0”16 O = 0.43 + 0.06.

Oy
Here M and A indicate the absolute photographic magnitude and the absolute major diameter, in parsecs,

respectively.

! Harvard Circ 294 (1926) and Harvard Ann 88, No 1 (1930). * AN 165, p. 127 (1901).
® Harvard Ann 88, No 1 (1930) and Harvard Bull 896 (1934). ¢ Mt Wilson Contr 427 = ApJ 74, p. 43 (1931).
8 Upsala Medd 30 (1927). ¢ Upsala Medd 22 (1927).
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The average values given above must be corrected because of a statistical effect of selection so as to be-
come representative for anagalactic objects in general. It must be assumed that the above twenty-nine ga-
laxies have been selected in such a way that absolutely bright objects and objects with large absolute dimensions
are too numerously represented. Yet it should be mentioned that some elliptical objects are included. How-
ever, it is difficult to determine any corrections in this case, as the material is comparatively small. Similarly,

the dispersions must be corrected for these effects of selection.

In the same paper LUNDMARK calls attention to the results which he has obtamed by using double ana-
galactic objects. From these a dispersion in the absolute magnitudes of 1M06 has been deduced.

In several publications E. P. HuBBLE has made use of the resolved stars to determine the absolute pro-
perties and the distances of anagalactic objects. His last and most extensive investigation was published in
1936.! From 145 galaxies HUBBLE obtained the following values:

M = —14"07T o, = 0Y94.

This mean value is considered by HUBBLE to represent the average absolute photographic magnitude of the
galaxies in a given volume of space. It should, however, be pointed out that elliptical objects are completely
lacking in the material. This is also valid for spirals of an early type (type Sa and generally type Sb, too).
Thus the values given above cannot be accepted as fully representative of galaxies in general.

For the brightest resolved stars HUBBLE assumes an average absolute magnitude of —6"12. This value
proves to be to some extent correlated with the absolute magnitude of the galaxy and with the type. The
above values of M and g, are corrected for these connections. The Andromeda galaxy is, however, excluded.
If we include this object we get a somewhat brighter value of the average absolute magnitude, and the dis-
persion can be rounded off to one magnitude. Regarding the individual values of the absolute magnitude, these
approximately have a normal distribution.

In a subsequent paper’ HUBBLE makes use of the residuals in the relation between the radial velocities
and the apparent magnitudes of the galaxies for the determination of the distribution of the absolute magnitudes.
A normal error curve with about the same dispersion as in the preceding paper is obtained.

HussLE has not discussed the absolute dimensions of the objects mentioned above. These, too, as possess-
ing a great interest have been computed here on the basis of the values given by HuBBLE and with the use of
the apparent diameter values which are to be found in ReinmuTH’s® catalogue, ‘Die Herschel-Nebel’. For some
few of the objects the diameter values must, however, be compiled from other sources. In this way the apparent
dimensions of all galaxies, with the exception of four, have been obtained. When computing the distribution
of the diameters, twenty objects belonging to the Virgo cluster have been excluded in order to make the
material more homogeneous, while the Andromeda galaxy has been included. It appears that a practically

normal distribution is obtained of the logarithms of the absolute major diameters. The following numerical
values are deduced:

log 4 = + 3174003 o, ,= 034+ 0.02.

Here 4 denotes the largest diameter in parsecs.

! Mt Wilson Contr 548 = ApJ 84, p. 158 (1936). ? Mt Wilson Contr 549 = ApJ 84, p. 270 (1936).
® Heidelberg Verosff, Band 9 (1926).
6—37622.
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The values obtained for the absolute magnitudes of the galaxies are independent of absorption within
our own galaxy while the absolute diameters are dependent on such an effect. Further, in the apparent dia-
meters, there are perhaps small systematic errors of such a nature that small objects are measured too small.
In the above computation no corrections have been applied for these effects. The value given of the dispersion
thus ought to be considered a maximum value.

31. In Fig. 17 the values of M and log A for the above 121 objects have been dotted. The spirals, mainly
belonging to the type Sc, have been denoted by full circles, while the irregular objects have been denoted by

ﬁ /oglq

4.0 4
3.5 4

3.0 4

-i" -12 -13 -14 -15 -16 -17 -18"

Fig. 17.
Correlation between absolute magnitudes and absolute dimensions of the galaxies.

open circles. There is a high correlation to be found between the two sets of absolute properties and the relation
seems to be a linear one. Concerning the line of symmetry which has been drawn in the figure, and the co-
efficient of correlation, the following numerical values have been obtained:
M=—46logd+03
r = —0.638 1+ 0.054.
As it would be of considerable interest to see where our own galaxy is to be placed in the figure, this

has been denoted by the large dot in the upper right-hand corner. The largest diameter of the Galaxy has been
assumed to have the generally adopted value of thirty thousand parsecs. Concerning the absolute photographic
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luminosity an investigation by W. GYLLENBERG' has been used, where a value of — 18Y8 is suggested. Thus
g;, it appears that the Galaxy agrees very well with the relation found above. If we take the circumstance into
T consideration that the outer parts of the other galaxies cannot generally be recorded, the diameter value assumed
here is perhaps too large. If we assume a smaller value, this will cause a still better agreement with the line
of symmetry given in the figure.

It has already been pointed out that no elliptical objects are to be found in HuBBLE’s catalogue. As it
would be of great interest to see where the elliptical galaxies are situated in the above Fig. 17, we have tried
to obtain some data by the aid of the present catalogue. All elliptical
galaxies that form a double or multiple system together with one of Table 4.

HussLE’s galaxies have been selected. In order to eliminate optical
systems as completely as possible the rule has been applied that the

Elliptical galaxies.

double or multiple system shall be a narrow one. Further only those No NGge Type
galaxies have been selected from the present catalogue whose elliptical 17 b 221 o
character can be considered as probable. Here the Heidelberg and 17 ¢ 205 g
Harvard catalogues are useful for comparisons. No large number of 175 ‘}; 3193 e
elliptical galaxies can be obtained that correspond to the above condi- 3:; b 390 d_d he
tions. In Table 4 the seven objects selected are given. In the three 729 b - d—ho
columns are to be found the number in the present catalogue, the NGC- 9 ° _ d—h

 number and the type value given in the present catalogue. By assuming
the elliptical objects to be situated at the same distances as the corresponding objects in HuBBLE’s catalogue
we now can derive their absolute properties. The apparent magnitudes and diameters have been taken from
the present catalogue. The above elliptical galaxies have been marked in Fig. 17 by crosses.

It appears from the figure that the elliptical objects show very good agreement with the correlation
previously found between the absolute magnitude and the

e s GRS

absolute dimension of the galaxies. The number of objects Table 5.
' is not large, it is true, but all the objects are crowded Average absolute magnitudes and dimensions
together in the lower left-hand corner of the figure. Thus for different types of galaxies.
" we may draw the conclusion that the above correlation has i — o -
a real meaning and that it is valid for all types of galaxies. Type MEe) |logdEelogd) N
- Similar results are obtained below in connection with some Bl . ... —1™ o™ | 425 dor0 .
i investigations of double and multiple galaxies. An attempt Spir. . . . —141 *ox | +316%003 | 1II
is also made there to explain the relation in question by Irr. . ... —143 *os5 | +321F009 | 10

* means of absorption effects within the galaxies.

In Fig. 17 a sequence is indicated from elliptical objects to spirals and to irregular objects. In Table 5
: some numerical values are given. The average absolute luminosity increases from one group to another, and in
. the same manner the absolute dimensions become larger. The elliptical galaxies differ considerably from the
. other types of objects. The differences between the spirals and the irregular objects are, however, very small.
- It will be shown below that double and multiple systems offer an excellent means for the determination of
relatlve absolute magnitudes and dimensions for different types of galaxies.

! Lund Medd II, No 87 (1837).
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32. After these discussions concerning the results to be obtained from metagalactic clusters and from
individual anagalactic objects, we will pass on to some investigations into the material given in the present
catalogue. Double and multiple galaxies are of great importance for the determination of the absolute qualities
of anagalactic objects. K. LuNDMARK® in several papers has discussed the methods to be used in connection
with preliminary investigations into double galaxies.

Double and multiple objects, however, represent a selected material and they are perhaps not to be com-
pared with isolated galaxies. Systematic deviations may exist between the two classes of objects as regards
absolute magnitudes and absolute dimensions. Before entering upon inquiries into the absolute qualities of
double galaxies, we will try to take these selection effects into consideration.

According to some investigations in Chapter XII of this paper double and multiple galaxies are very
probably formed by captures. By starting from some assumptions we are able to use the formulae of
statistical mechanics to compute the number of “collisions’, or encounters, that takes place in the metagal-
actic system within a given unit of space and time. The number of “collisions” depends on the diameter
of the objects. Large diameter values correspond to a large number of “collisions”, and the reverse. A
double system can, however, be formed only when the encounter becomes a capture. At this place we

)

will assume that the probability for the transformation of a ‘‘collision” into a capture is independent of
the diameter value. Since large diameter values very probably correspond to large mass values the
assumption may be justified. Anyhow, we have to make some assumptions in order to be able to discuss
the problems that are taken into consideration.

The two components, arbitrarily selected, of a double system will be denoted by index 1 and index 2.
If, in a given volume of space, the correlation function of In 4, (= x,) and In 4, (= %,) is denoted® by ¥ (z,x,),
and if, for galaxies in general, the distribution function of In 4 is denoted by ¢ (x), the following approximate

relation® between these two functions can be derived:
(16) Y ) de day 2 f A Ay (@) @ (@) day day 2 const - (4; A, @ () - @ (%) dy dozs.

In the above equation the factor f is proportional to the time interval that corresponds to the formation of
the double systems, and to an average value of those relative space velocities that correspond to the absolute
diameters 4, and 4,. The geometric mean of the diameters 4, and A4, has been made use of instead of the
arithmetical mean in order to facilitate the following computations. The formula presupposes a large number
of single galaxies in proportion to the number of double systems.

The middle term in the above equation has been transformed into the expression to the right. The value
of the constant and of the exponent » thus depends on the factor f. Of course, we have now introduced some
further approximations, but as the problem considered can be solved only by making several assumptions,
the relation obtained here may be used as a starting-point.

The value of the exponent = in the above equation is highly dependent on the question whether an equi-
partition of energy exists among the anagalactic objects or not. If there is an equipartition, the exponent
probably has a small numerical value, since large values of the diameters 4, and A, probably correspond to
large mass values and consequently to small values of the factor f, and the reverse. If no equipartition of energy

! Upsala Medd 8 (1926), Upsala Medd 16 = VJS 61, p. 254 (1926), Upsala Medd 30 (1927), Upsala Medd 41 = VJS 63,
p. 350 (1928). ? In the present paper In always means the natural logarithm. 3 Of. Chapter XII (formula (81)).
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ic!

exists, the factor f for a given interval of time has a constant value, and the exponent » approximately gets

X! the value of + 1.

:EE We do not know very much about the relation between mass and velocity in the metagalactic space
Several suggestions have been made. Thus K. Lunpmark! discusses the dependence of the velocity on the mass
of an object, but no definite results have been reached. S. Smrt? investigates the radial velocities determined
{or the members of the Virgo cluster. In this special case no equipartition of energy is suggested. It may,
however, be remarked that in such a cluster somewhat different conditions are probably to be found than in
the general field of galaxies.

In accordance with the above discussion the following formula will thus be adopted:

(17) Y (0, ;) dw, Ay = const. "1t @ (x,) . @ (25) Ay d s,

Further the frequency function g (x) is assumed to correspond to a normal distribution with a dispersion equal
to o:
de -2

(18) p@)de = e 2,
eV2n

If the moments referring to the function v (x,x,) are computed, the following results are obtained:

El = as == 5 + 'nd’
(19) 0;;1 Gx, =0
Voyzg = 0.

According to these derivations the correlation between In A, and In A, for double objects should be equal to
0, and the dispersion in these quantities should agree with the corresponding dispersion for single galaxies.
The average value of the diameters is, however, larger (if » > 0) than the value corresponding to single galaxies.

The above deductions refer to the absolute diameters of the anagalactic objects. As these are highly
correlated with the corresponding absolute magnitudes, it may be assumed that the above formulae are approxim-
ately valid for the magnitudes, too. Thus, in the formulae in 4 is to be replaced by M. The constant n, in this
case denoted by n’, of course obtains a different value.

Concerning the expressions (19), we may at once use them for application on observational facts. In
HusBLE’s material discussed above all the galaxies have here been selected that in any way form part of double
or multiple systems. For the purpose of this selection not only the present catalogue but also REINMUTH's?
catalogue ‘Dje Herschel-Nebel’ has been consulted. REINMUTH has generally pointed out in special notes whether
faint objects are to be found close to a galaxy given in his catalogue. In this way the areas of the sky not re-
presented in the present catalogue have also been included. Altogether, 47 out of the 121 galaxies* prove to
be components of double or multiple systems. In the computing of average values and dispersions the results
given in Table 6 have been obtained.

! Lund Medd I, No 119 = PASP 42, p. 23 (1930). 2 Mt Wilson Contr 532 = ApJ 83, p. 23 (1936).
® Heidelberg Versff, Band 9 (1926). * The Virgo cluster has not been included.
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Table 6.
How the components of double and multiple systems deviate from galaxies in general.
Objects M 3% log 4 Clog 4 N
All galaxies . . . . . . . -—14].“07 + o.Moq 11}{04 + 01.“07 +3.17 £ 0.03 0.34 + 0.02 121
Components in systems . .|—14. 38 £ 0. 15| 1. 0z L 0. 11 +3.28 £ 0.05 0.36 % 0.04 47

From the table it appears that the dispersion in M and log 4 is of about the same size for the two groups.
On the other hand, the selected group has an average absolute magnitude and an average absolute diameter
brighter or larger respectively than galaxies in general. If g, is put = 10 and Oog 4 = 0.30! the following values

are obtained for » and n':
n =+ 0563 + 0.17

' =—0.31+0.12.

The numerical value obtained for n suggests that an equipartition of energy is partly to be found within the
metagalactic system. On account of the approximations introduced above no definite conclusions can, however,
be drawn.

Concerning the components of double and multiple systems the distribution functions of log 4
(= ¢’ (log A)) and of M (= M )) can then approximately be written in the following way:

9’ (log 4) = &-plog 4)
(20) £ 1) = b.1(00).

Here ¢ (log 4) and f (M) denote the corresponding distribution functions of the absolute dimensions and the
absolute magnitudes for anagalactic objects in general. The two factors of selection » and k get the following
approximate values:

— _pt12logd
(21) h = const.e J

k = const.e 031X,

33. After these discussions of the effects of selection to be found in double and multiple galaxies the
present catalogue will be used for deriving some characteristics of the distributions of the absolute magnitudes
and the absolute dimensions.

The difference between the apparent magnitudes of the two components in a double system is equal to
the corresponding difference between the absolute magnitudes:

(22) dm = AM = M, — M,.
The following expression is valid for the corresponding dispersions:
(23) Cim = O = 2031 =1y ).

Here 7, , denotes the coefficient of correlation between the absolute magnitudes of the components. In this
way the dispersion of the apparent magnitude differences can be transformed into the dispersion of the absolute
magnitudes.

! These values have later on been adopted as final ones.
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From the double and multiple systems of the present catalogue the following numerical value of the disper-
gion in the magnitude differences is obtained:

0, = 1”11 + 003,

This dispersion has been computed in the following manner. If a system contains n components, a total number
of (n — 1)+ (n — 2) + ....... + 1 differences #/m can be formed, whereas only (n — 1) differences are to be
considered as independent. In the final determination of ¢, every one of the differences has obtained a weight
equal to the ratio of the number of independent differences to the total number of differences. Further, the
dispersion ¢, has been corrected for the influence of the mean error in the magnitude differences. From com-
parisons between different m-values, estimated for the same object but on different plates, the mean error in
a determination of #/m has been found to possess a value of about three tenths of a magnitude.

If the material contains a great number of optical pairs, these will make the computed value of ¢,,, some-
what too large. Assuming p fractions of the double systems to be optical pairs, we may, instead of the above
formula (23), use the following expression:

(24) O = 203 (L — 7y ») + 50 0l o

Here ¢ denotes the distance to the individual systems. As the fraction p probably amounts to only a few per
cent, and as 0,,,, might have a value of 0.1 & 0.2, the error introduced here obtains a small value and it may
be neglected.

The dispersion o¢,,, must be corrected for a certain effect of selection. Concerning double and multiple
systems with faint components, only the brightest of these are to be found on the plate on account of
its limiting magnitude. Thus, the computed dispersion in the magnitude differences becomes systematically
too small. For the derivation of some corrections the two components, arbitrarily selected, of a double system
may be denoted by index 1 and 2. If the limiting magnitude, in regard to galaxies, of the plate is denoted
by m,, and if (m, — m,) is put equal to d, the following expression of the dispersion ,o,,, corresponding to a given

value of d is obtained:
+o  M+d

(Mx""Mz)g X' (Ml Mz) dM,d M,

My=——o My=—mw .
(25) Oam = +o  M+d

o (M, M;)d M, d M,

My=—o My=-—w

Here @ (M, M,) is the correlation function of the absolute magnitudes M, and M,. The correction factor f,
by which the value of o,, computed above is to be multiplied, gets the following value:

0_’
26 g _ @ 4am .
(26) f o)

The mean value of the denominator corresponds to all observed values of the difference d.
We will make a numerical computation of the integral expression contained in the above formula (25)
using the observed distribution® of the differences d. The following assumptions will be made:

! See Fig. 6.
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a) The absolute magnitudes M, and M, are not correlated.
b) M, and M, have normal distributions with a dispersion of 1¥o.
In this way we obtain the following result:

= 1.23.

The dispersion in the magnitude differences now reaches the following corrected value:
0, = [ 1711 = 1737.
As regards the dispersion in the absolute magnitudes we obtain the following final expression:

0M97

(27) 0M= ﬁ .
M, M,

According to the investigations above, it seems probable that the coefficient of correlation, r ",y has a small
numerical value. If r, , is given the value of 0 then:

a, = 0M917.

Thus a dispersion value has been obtained which is in close agreement with the values previously discussed.
Since double and multiple systems seem to contain galaxies of widely different types® the value obtained above
may be regarded as fairly representative.

Summing up the above discussions concerning the dispersion in the absolute magnitudes of the galaxies,
we may conclude that the results obtained from clusters, from individual galaxies, and from double and multiple
systems point at a dispersion value so close to one magnitude that it seems justified to round off the value used
to exactly one magnitude.

34. By using double and multiple galaxies, it is also possible to obtain a value of the dispersion in the
logarithms of the absolute diameters. If the apparent and the absolute major diameter are denoted by a and
A resp., we obtain the following expression:

(28)

a 2 . 2 _
aAloga—a.dlogA - 2'alogA(1 rlogA,logA)'

From the double and multiple objects the following value of the dispersion g, ,, corrected for the corresponding

mean error, is obtained:

o = 0.40 * 0.01.

dloga

In this case, too, it is necessary to correct the dispersion for a certain selection in the material. Assuming
a limiting diameter amounting to 0’.25 and using a value for the dispersion g, , of 0.30, we may, in complete
accordance with the procedure discussed above, compute a correction factor f. In that case we find:

f=1.25.

Thus we here get a value of this factor f which agrees very closely with the value found above,
When the diameters are discussed, it is further necessary to correct for certain systematic errors. It is

! See Chapter IX.
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a well known fact that the measurable dimensions of small galaxies appear too small, because the external
fainter parts of the objects vanish. These effects have been discussed in Chapter VI of the present paper. In
that chapter the following average relation was derived:

dlogd = 08.4loga.

Here o’ denotes the real angular major diameter and & the observed one.
In accordance with the above average relation the dispersion of #loga may be multiplied by the factor
0.8. This is perhaps not quite correct, but it is probably the simplest way to get rid of the large systematic
errors existing in the apparent diameter values. The following final expression is thus obtained:
0.28

(29) Olpgq = TFi——mmmm
V = "log 4, log 4,

If the coefficient of correlation is given the value of 0, we get:
Oig4 — 0.28.

From the above discussions concerning the dispersion in the logarithms of the absolute diameters it may
be concluded that the value of 0.30 seems to be the most probable one. On account of the errors involved in
the observed diameters this value is, however, not so reliable as the corresponding dispersion value obtained
for the magnitudes.

356. We will now make some investigations into the relative luminosities and dimensions of galaxies of
different types. Double and multiple objects offer excellent opportunities for a comparison between galaxies
of different kinds. K. LuNpDMARK® has previously pointed out the results to be obtained by using these objects.
Among other things he has found that the elliptical galaxies are on an average 8—10 times smaller than the spirals.

Concerning the results obtained in the present investigation we may at once refer to Table 7. The material
of the present catalogue has been divided into three groups. The first class contains objects where no spiral
structure appears, namely the types d, e, f, g, h and h_ in WoLF’s scheme. Some of these objects are, however,
probably spirals, though the spiral structure does not.appear on account of poor resolution.

Table 7.
Distributions of absolute luminosities and dimensions for galaxies of different types.
Type aM Sum oy |dlog4 G 41054 | Clog4 N
M
d, e f, g h,h, — — 0. 63 —_ — 0.26 362
v —1¥o1 o].u73 0. 46 | 4o0.42 0.29 0.17 28
r,8 uw —2. 19| I. 21 1. 06 | +o.71 0.39 0.38 38

The second group contains spirals of an early type, namely type v, and the third group more advanced spirals
of the types r, s, u, w. In the following columns /M and #log A denote the absolute magnitude and the logarithm

! Upsala Medd 16 = VJS 61, p. 254 (1926).
7-37822.
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of the absolute major diameter, both measured in relation to the elliptical components of the same double or
multiple system. The last column of the table contains the number of the objects in every class. It appears
from the table that the average absolute magnitude becomes brighter from one group to another, and that the
values of the diameters become larger. The different values of o, and of g,,; , are computed from the correspond-
ing values of g, and ¢ ,,,, ,, and from the values of o, and o,,, , obtained for the elliptical objects. These latter
dispersion values have been computed in the same manner as was used above. They have not, however, been
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Differences between elliptical galaxies and spirals concerning the absolute magnitudes and the absolute dimensions.

corrected for the effects of selection and systematic errors discussed above, because in this case the corrections
would become small and unreliable on account of the small dispersion values and the small number of individuals.

The above table has been illustrated in Fig. 18. The individual values of #M and of #log A are highly
correlated with one another. The following expression for the coefficient of correlation and for the line of sym-

metry has been derived:
r = —0.777 £ 0.049

AM = —30dlog A.

In the figure the full line corresponds to the line of symmetry. The full ellipses correspond to the dispersions

0,5 and o, ,, while the dotted ellipses correspond to the values of g, and o, ,. Half the major axis and

4
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half the minor axis are equal to the dispersions in the respective directions. The dotted ellipse round the origin
refers to the elliptical objects. From this figure, which agrees well with Fig. 17 corresponding to HusBLE’s
objects, we thus find a well-marked sequence from elliptical objects over early spirals to late spirals.

Here it should be of some interest to refer to the results obtained in Chapter X of the present paper, where
the absorption effects within anagalactic objects are discussed. If an object is expanding, the observed total
magnitude probably becomes brighter, because the influence of the absorbing matter within the object is dimin-

A alogA

+/.51

+/.0

+0.59 . .

0.0t v T T T v T r T + y v o

O.g -l.o -2.0 -3.0 ~4.0 : -.5./;

Fig. 19.

Differences between the galaxies and their nuclei concerning the absolute magnitudes and the absolute dimensions.

ishing. The relation here found between M and log A may thus very well be an absorption effect. The value
of the absolute magnitude corrected for absorption may in this way be approximately the same for the dif-
ferent types of galaxies. Consequently the different absolute dimensions would constitute the only real distinc-
tion between the various types. This is of course of very great importance for all theories concerning the
development of the galaxies.

36. In this connection it would also be of some interest to take into consideration the luminosities and
dimensions of the nuclei of the objects. A catalogue of the apparent magnitudes and dimensions of the nuclei
is found at the end of this paper.! In Fig. 19 the elliptical objects used in the above figure are replaced by the

! See Appendix II.
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nuclei of the respective objects as zero-points in the #M- and #logA-scales. The elliptical objects without nuclei
thus are to be placed in the origin, while the dots correspond to those elliptical objects in which nuclei are to
be found. Concerning the spirals it has been possible to isolate the s-type. We thus obtain the following sequence
of galaxies: elliptical objects without marked nuclei, elliptical objects with nuclei, spirals of type v, spirals of
type s, spirals of the types », u, w and finally irregular objects without nuclei.

In the area between the two straight lines drawn in the figure the nucleus must disappear, since the surface
magnitude of the nucleus here equals the average surface magnitude of the whole object. The two lines have
been obtained in the following manner. If we denote the major and minor diameters of a galaxy by 4 and B
and the diameter of the generally circular nucleus by A4’, the disappearance of the nucleus corresponds to the

following formula:

(30) AM = —25 log(—gj-,l—;;,-

The two straight lines found in the figure correspond to the two extreme cases where B = 4 and B = 4’ resp.

Thus it is evident that we obtain a very marked sequence of different types of anagalactic objects by
using the nuclei of the objects. Furthermore this sequence agrees very well with the one we obtain by in-
vestigating the absolute magnitudes and the absolute dimensions of the galaxies.

CHAPTER VIII
SPATIAL ARRANGEMENT WITHIN THE NEARER METAGALAXY

37. 1In this chapter we will investigate the arrangement in space of galaxies in general and of double
and multiple systems. The average distributions of these two groups of objects and their relation to each other
will be discussed. Earlier in this paper we have called attention to the clustering tendencies within the me-
tagalactic system, and it has been pointed out that irregularities and groupings are very common phenomena.
Here, however, we do not propose to take these particular effects into consideration.

The distribution in space of the anagalactic objects has already been the subject of several important
investigations. Thus all galaxies brighter than 13™0 are included in the survey made by H.SHAPLEY and A.
Amrs.! The distributions of the apparent magnitudes here obtained suggest a uniform density of the objects
in space. A comprehensive survey of all objects down to a limiting magnitude of about 17™5 is in progress at
the Harvard Observatory. Concerning some selected regions® important results have already been obtained.
The extensive investigation by E. P. HusBLE® comprises objects down to a limiting magnitude of about 20™0.
A uniform distribution in depth of the objects is there suggested. For other investigations into the distribution
of the galaxies we may refer to the above-mentioned paper by HusBLE.

! Harvard Ann 88, No 2 (1932). * See Harvard Ann 88, No 1 (1930), Harvard Ann 88, No 3 (1933), Harvard Bull 894
(1934), and Harvard Ann 88, No 5 (1935). ¥ Mt Wilson Contr 485 = ApJ 79, p. 8 (1934).
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'-si ‘In the present investigation the apparent magnitude of an object will be used as a distance indicator.

E’)NO account will be taken of the apparent diameter. The observed diameter values, especially the small ones,

" are subject to large systematic errors, and in addition to this the dispersion in the absolute dimensions is very
large. In Chapter VII it was shown that the dispersion in the absolute magnitudes of the galaxies has a value
of about one magnitude, while the dispersion in the corresponding quantity 5log A* amounts to about 1.5.
Systematic errors may of course also be assumed to exist in the apparent magnitude values. In the case of bright
galaxies, however, they probably have a very small value. For the rest it may be pointed out that the estimated
magnitudes given in the present catalogue have been corrected for the most important systematic errors.

38.  All distance determinations on a photometric basis are subject to influence from the existence of ob-
scuring matter in the space between the object and the observer. In the present case several absorption effects
must be taken into consideration. Some of these effects will be discussed in greater detail in Chapter X of the
present paper.’ In this. connection a few notes will be given.

First the general absorption within our own galaxy must be taken into consideration. This absorption
has a small and comparatively constant value in high galactic latitudes, but increases rapidly as we approach
the Milky Way. In the determination of the space distribution unreliable results are thus obtained if galaxies
in different galactic latitudes are taken together. In the present investigation only objects in the vicinity of
the galactic poles (lb| > 60°) have been included. In this way the disturbing effects produced by the galactic
absorption can mostly be eliminated. _

Our knowledge as regards the existence of obscuring matter in the metagalactic space is comparatively
limited. Using the surface magnitudes of the anagalactic objects C. Wirtz* and K. LuNpMARK® obtained very
small values for this absorption. Very great difficulties are, however, encountered in investigations of this
kind, and the results obtained are perhaps not to be considered definitive. Further, H. SuaPLEY and A. AmEs?,
on the basis of a study of galaxies in the Coma-Virgo region, concluded that in this direction the space seems
to be effectively transparent. The apparent magnitudes of the galaxies were compared by them with the angular
diameters. The relation between the apparent dimensions and the absorption effects, which is of very great
importance in this connection, was, however, not discussed. With regard to the above investigations we have
considered it most appropriate not to take into ‘consideration any metagalactic absorption effects.

The existence of absorbing matter within the galaxies themselves will cause spirals seen edgewise to be
fainter than those situated at right angles to the line of sight. In Chapter X of the present paper it will be shown
that these orientation effects will cause an additional dispersion in the absolute magnitudes of 0*'16. As this
value is small in comparison with the total dispersion, this absorption effect will also be neglected here.

39. The problem of determining the distribution in space of a class of objects by means of the distribution
of the apparent magnitudes has been much discussed in works on stellar statistics, and many different solutions
have been proposed. The following equation, known as the fundamental equation of stellar statistics, has been
the general point of departure:

un- —. 6. .. 1HD

+ o
(31) : N(m) = me(r)q:(]lI)-r2 dr.
0
! A is the absolute major diameter of the galaxy. 2 Lund Medd II, No 29 (1923) and AN 222, p. 33 (1924).
* Upsala Medd 1 = MN 85, p. 865 (1925) and Lund Medd I, No 125 (1930). ¢ Harvard Bull 864 (1929).
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Here N (m) and ¢ (M) denote the frequency functions of the apparent magnitudes, m, and the absolute magni-
tudes, M, resp, The number of objects per space unit at the distance 7, or the density function, is denoted by
D (r). Further w denotes the solid angle which is taken into consideration. This relation was first given
(without D (r)) by H. GyLpiN' in 1872, and was later on extensively used by H. SEELIGER in his investigations
of the stellar system. o 4 : :

We have, in fact, already made some assumptions concerning the above equation. In the. fn'st place 1t
has been assumed that the distribution of the absolute magnitudes is independent of the distance. This cannot,
a priori, be considered correct, but the assumption must be made in order not to make the problem too com-
plicated. Further, it has been assumed that the conditions are identical for all parts of the solid angle w. By
giving this angle a small enough value we may, however, consider this assumption justified.

In order to obtain the density function, D (r), from the above equation, we must know the other two
functions N (m) and ¢ (M). The luminosity function ¢ (M). was:discussed in the preceding chapter. It was
pointed out that a normal error curve fits the distribution very well. The dispersion in the absolute magnitudes
amounts to about one magnitude. We have not yet, however, obtained any definite results concerning the average
value of the absolute magnitudes of the galaxies. If we consider the photographic magnitudes, the average value
is probably situated between — 14Y0 and — 15Y0. In the following derivations it has. been considered most
appropriate to keep the mean value M as a parameter. It should be remarked that the galactlc absorption effects
in the direction of the galactic poles are included in this mean value.

The solution of the fundamental equation will here be made chiefly in accordance with the procedure
proposed by. K. G. Marmquist.? . We will start from the followmg equatlon'

(32) m = 5log1+M 5 - 5logr+M+6-—5

Thus we have divided the absolute magnitudo M vinto two pa,rts, the average value M and the quantity d. If
this deviation from the mean value is considered as an accidental one having a normal distribution, it can be
treated in the same manner as an accidental error. The dispersion in the absolute magnitudes is thus compared
to a mean error. In accordance with some formulae, given below, the distribution of the apparent magnitudes
can then be corrected in such a way that the distribution of the quantity (5 log r + M — 5) is obtained. All
the details of this distribution cannot, of course, be reconstructed. In this connection, however, only the smoothed
curve is required. :
The above equation can be written in the following form:

(33) : 5logr+ﬂ—~5 = r'l = O

Here d,, denotes the value of J that corresponds to a given apparent magnitude m. Thus the correlation between

the apparent and the absolute magnitude is taken into consideration. Further the quantity " has been introduced

into the above equation. For the sake of brevity it will in the following pages be named the reduced distance.
Concerning the moments of the deviation d,, the following expressions can be derived:

! Of. K. LuNnpMARK, Pop Astr 30, p. 624 (1922).
# Lund Medd I, No 100 (1922).
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EE v, = — o}-D(ln N(m))
gét) vy = 0oy +o0;. D* (ln N(m))
¥ vy = — 3. D*(In N (m))

v, = o). D* (ln N(m)) + 3(1',)’.

Here », denotes the relative moment of the nth order about the mean »,, while o, is the dispersion in the devia-
tions d, i. e. the dispersion in the absolute magnitudes. Further N (m) denotes the frequency function of the
apparent magnitudes and D" the derivative of the nth order. The natural logarithm is denoted by In.
The distribution of the reduced distances #' can thus be obtained from the distribution of the apparent
magnitudes by applying the ““corrections” —d,,. In practice, the procedure is easily performed. Every magnitude
class is corrected by the average value —Om (= — v'l), and the corrected magnitudes are then spread out
in a normal distribution with a dispersion equal to the value of o, (= V—v—,) The skewness and the excess of
the distribution of d,, are thus neglected. This may, however, generally be considered as a fair approximation.
The distribution of the distances can sometimes be written in the following form:

(35) ' W) dr = &7 dy.

This equation is valid for instance if the density function is independent of the distance. In this case the constant
¢, gets the value - 1.38, while the constant ¢, depends on the average absolute magnitude assumed.
If we start from formula (35) and assume the absolute magnitudes to have a normal distribution,
the fundamental equation can be solved in a very simple manner. In this case we get:
+ 5 . s

(36) ' N (m) 40 2] it o ety

- AT

The two curves In Y (r’) and In N(m) thus are straight lines parallel with one another. The distance between
the two lines along the m-axis, or the ’-axis, has the following value:

(37) o = 4 00 +'£’-D(lnN(m))
2 2 )
This is exactly half the average correction — Em(———- - ""1) that was discussed above.

40. After these discussions concerning the methods to be used, we will make some investigations into
the spatial arrangement of the galaxies. Our chief aim has been to study the distribution of the double
and multiple systems to be found in the present catalogue. In order to make comparisons possible, we will,
however, begin with an investigation of galaxies in general. - The material most suitable to be used here is that
found in the catalogue by H. SHAPLEY and A. AmEs' which comprises all galaxies brighter than 1370.

It has already been pointed out that only objects in high galactic latitudes will be taken into consideration.
In Table 8 are given the distributions of the apparent magnitudes in the Harvard catalogue mentioned above.
Within 30° from the North Galactic Pole, 359 galaxies are to be found, while only 92 are situated within the

! Harvard Ann 88, No 2 (1932).
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_ Fig. 20. A ‘
Apparent magnitude distributions in the catalogue of SHAPLEY-AMES.

Table 8.
Apparent magnitude distributions
in the catalogue by Shapley-Ames.

same area of the south hemisphere. InFig. 20 these distributions have
been illustrated. The full ¢urve I refers to the north galactic hemisphere,

———==————==——== and the full curve II to the south hemisphere. The dots and the crosses
m Nm) correspond to the individual values. The dotted line III ‘given in the
b> -+ 60°|b < — 60°|  figure will be discussed below. C e
Mg oMy 2 o In the > ¢ above figure the‘ apparent magnitude has been replageﬁ
2' : _ g ; _(: T by (log 7+ 1—5”— ) This quantity is related in a simple manner to the reduced
9.8 —10. 0 ! o distance ', which was introduced above:.. BT .
10. 1 — 10, 3 4 o
10, 4 — 10, 6 8 1 - )
10. 7 — 0. 9 12 1 (38) : . 10g,~+%£ = %-{-1,
11, 0 — 1I, 2 15 3 . . X , - .
.3 — 1L 8 -
i: 2 — :: g :0 1':' The simple method (formula (37)) discussed above has been used for the
11,9 — I2. 1 32 13 transformation of the apparent magnitude m into the reduced distance.
o : T : :’: :; The two curves in the figure have thus. been considered straight lines.
12, 8 — 13. 0 94 22 " Since the average values of the. derivatives D(ln N (m)) for. both cuives
3.1 —13. 3 31 8 amount to about +- 1.0, the “correction” to be applied to the magnitudes
Total | 359 92 assumes the value -+ 0™5.
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Fig. 21.

Density function for galaxies in general.

Before proceeding further we must call attention to some special effects. The problem is how to treat the
groupings and clusters to be found within the areas considered, especially the great Virgo cluster. According
to K. LuNDMARK® the formation of metagalactic clusters is a gradual process, and the components were once
situated in the space outside the cluster. In the distribution chart given in the SHAPLEY-AMES catalogue there
is indeed an indication that the areas outside the Virgo cluster are underrepresented as regards the number
of galaxies. Since we are here trying to find the average space distribution, and since correct principles of ex-
clusion cannot probably be found, all objects are included in the present investigations. The influence of the
Virgo cluster on curve I of Fig. 20 has, however, been investigated here. The general form of the curve is not
changed by excluding the cluster members, and the results to be obtained below are still valid.

In Fig. 21, the different values obtained of the density function are illustrated. The distance axis is assumed
to be directed towards the North Galactic Pole, and one parsec has been used as unit. The full curves correspond
to the full curves in Fig. 20, and the horizontal dotted lines to line III in the same figure. The dependence of
the density function on the average absolute magnitude M has also been illustrated.

The full curves of Fig. 21, together with the dotted curves, form a very nice normal error curve. Of course,
the piece of dotted curve to the right is not, perhaps, quite correctly drawn. The extrapolation here made is
founded on the symmetry only, and later on we will show that a different form of the curve must perhaps be
considered. Anyhow, the existence of a large metagalactic cloud is suggested. Our own galaxy is situated some-
what apart from the centre of it. The density at the centre may be about eight times the density outside the cloud.

! Lund Circ 9 (1934).
8—37522,
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The existence of such a cloud has been suggested several times. Thus H. SHaPLEY! and E. P. HuBBLE®
have pointed out that there is an indication not only in the radial velocities but also in the frequency of the
apparent magnitudes that the brightest neighbouring galaxies form a local group. This group may constitute
the central part of the cloud found above. Further A. Dosg® and J. H. Oorr* have called attention to the fact
that the peculiar radial velocities of the galaxies increase with the distance. Oort states that we are possibly
situated inside an agglomeration of galaxies, and that it is not unlikely that the peculiar velocities within such
a system are smaller than those of galaxies outside it. OorT points out that we can feel the influence of such
a cloud down to the 12th or 13th visual magnitude. This is in a good agreement with the results obtained here.

In this connection it should be remarked that the above local cloud is no exceptional case at all in the
metagalactic space. Not taking the large number of metagalactic clusters into consideration, we wish to call
attention to the large cloud of galaxies found by H. SHAPLEY® in his work on the general survey of faint galaxies.
In an area between the galactic longitudes 215° and 245° and latitudes — 88° and — 59° there is to be found
a sudden increase of the number of galaxies for photographic magnitudes between 155 and 17"'0. Here SHAPLEY
assumes the existence of a metagalactic cloud at a distance of about 22 -10° parsecs.

41. Before entering upon an investigation of the space distribution of double and multiple galaxies we
will to some extent discuss the properties of the metagalactic cloud found above. For this purpose we will at
once introduce the rectangular co-ordinates z, y and z. The z-axis may be directed towards the North Galactic
Pole. In the following® it will be shown that this pole:is situated close to the metagalactic equator that results
from the investigations of the apparent distribution of the gb,laxies and. of the orientation of the orbital planes
of double galaxies. Thus, the z-axis is situated approximately in this metagalactic plane. The z-axis may
be directed towards the north metagalactic pole. We now assume that the density function D (z, ¥, z) can be
written in the following way:

) Dy Aandyds = SR EIL e
Here D, corresponds to the avérage density outside the cloud. The density function D (2, y, 2) has thus been
expressed as the sum of a normal distribution and a constant term. According to the formula the centre of
the normal distribution shall be situated. on the z-axis. Of course we do not know whether the distribution
is a normal one or if the centre is to be pla,ced exactly on the x-axis. As, however, we are only trying to get
some general results, the above assumptlons may be the simplest ones to start from. :

. If we assume the a,veragg absolute magnitude M to have the value — 150, the following numeiical values
can be obtained from Fig. 21: - .
+ 1.6.10° parsecs

r =
o, = 2.1.10° parsecs
Dy = 1.9.107® parsec.

Here we nave put = equal to the distance r given in the figure. As thls distance refers to all pa,rts of the sohd
angle considered, a small approximation is thus introduced.

"1 Harvard Repr 61 — Wash Nat Ac Proc 15, p. 565 (1929). * Mt Wilson Contr 548 = ApJ 84, p. 158 (1936).
3 AN 229, p. 157 (1927). ¢ BAN 6, p. 1556 (1931). ® Harvard Repr 115 = Wash Nat Ac Proc 21, p. 587 (1935).
¢ See Chapter XI. ) )

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1937AnLun...6....1H

SPATIAL ARRANGEMENT WITHIN THE NEARER METAGALAXY 59
1=t
=
E',: . If we assume that the three dispersions o, o, and ¢, have identical values, we get the following number
'g\f objects: , : :
ci ' S N =2200.

The"“ba;ckgroun- ” density D, causes that within the corresponding volume (a sphere with the radius equal
to 30, = 30, = - 30,) we get a number of objects amounting to about 2000. In this manner the total number of
galames Wlthm the cloud should amount to about four thousand. It must be rema.rked that this result entlrely
depends on the a.ssumptlon which was made above concerning the dispersions. It will appear below that the
dispersion g, is probably smaller than g,. Thus the above number may be a maximum number.

In mvestlgatmg the general absorption within the Ga,la,xy we have started from the apparent dlstnbutlon
of the galaxies along the metagalactic equator. If we start from the expression given in formula (39) we are
able to determine how this distribution ought to be if in all galactic latitudes only a small constant absorp-
tion corresponding to the galactic poles is taken into consideration. As a limiting distance we assume the
distance that corresponds to an apparent magnitude of 1370 at the galactic poles.

The following polar co-ordinates are introduced:

xz =9 cos B cos L
(40). y=ecos Bsin L
z =g sin B.

Here B is the metagalactlc latitude and L the longitude, apart from a constant. In the followmg computations
the average value Z will be denoted by b and the limiting distance by ¢’. The dispersions g, g, and o, are provision-
ally put equal to 1. If we further introduce a constant C, the followmg expression is obtamed for the correlation
function of L and B:

»

A [4
W v, B)deB c.e T cosBdedeg o ?

0

(p’—2 b 9 cos L cos B)

+~Do‘co"s,«3d'LdBJdg.92.

By solving the above equation numerically and by putting the latitude B = 0 we obtain the distribu-
tion curve of the longitude L that is given as the dotted curve V in Fig. 32 (Chapter X). Curve III given in
this flgure has been obtained from the apparent distribution of the galaxies by making certain assumptlons‘
concerning the general absorption within the Galaxy. The deviations between the forms of these two curves
may be caused by the above assumption concerning the dispersions. If the dispersion g, is given a smaller
value than the dispersion o,, the agreement between the two curves will be better. Thus the local metagalactic
cloud may have a flattened or perhaps an elongated shape.

42. We are now going to investigate the spatial arrangement of the double and multiple systems given
in the present catalogue. In this case too, we will use the apparent magnitude as a distance indicator. Here
the question arises whether the average apparent magnitude of the components within every system should not
be used in deriving the distance instead of the individual values of the components. Since, however, we are
searching only for the average spatial distribution, the individual magnitude values will be used. In order to

! See Chapter X.
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_ Table 9. make comparisons with galaxies in general possible it is also of import-
Apparent magnitude distribution ance to use the same procedure as before. In the preceding chapter it has
of objects in the present catalogue. been pointed out that, on an average, double and multiple galaxies have

v |yl ' a larger absolute luminosity than galaxies in general. Since, however, the
” . ’ 2 difference is small, we do not propose to take this effect into consideration.
8My — o™ 1 1 0.6 Of the objects in the present catalogue, however, a certain number
92— 9.4 ° ° ( °-°) are to be excluded. In the first place, we will take only the areas in
. h . —0‘2 3 3 . . . . .
g. g — Ig Z : : 8 high galactic latitudes into consideration. Thus the galactic latitude
To. 1 —10. 3 2 2 1.6 must be larger than + 60°. In the present catalogue the areas situated
g ‘; - ;: g i ;'3 around the South Galactic Pole are not represented. Further, all com-
1. 0 — II. 2 5 5 4 ponents situated too far from the other ones belonging to the same
1.3 — 1L 5 8 81 7 double or multiple system are excluded. Thus the following condition
11. 6 — 11. 8 5 5 4 . . 1 .
Mo—121]| 10| 10| 9 previously discussed' should be valid:
12, 2 — I12. 4 17 17 16
12. 5 — 12. 7 18 18 17 i <9
12. 8 — 13. 0 12 13 13 a, + a,
13. 1 — 13. 3 25 27 27 !
13. 4 — 13. 6 34 39 | 39 . . . . '
13.7 —13.0 | 50| 50| 59 Finally all objects situated at greater distances than three degrees from
14.0 — 14.2 | 81 97 | 97 the centre of the plate used are excluded. Thus only the effective plate
14. — I4. 10 130 1
1:. g —_ 1:. g 9: Igl Ig: areas® are used. A computation has shown that these reduced areas
14.9— 151 | 95 | 137 | 137 cover 799/, of the polar calotte considered. In Table 9 all objects are to
12 ' : _ :g ‘; IZi Igg Igg be found that correspond to the above conditions. The frequencies are
15. 8 — 16. 0 | 25 41 | 41 denoted by N,. In the left column of the table the corrected estimated
‘g‘ 1= 12. 2 4. 7| 7 magnitude is given.
16. _ .
ki ; — - z 82 These frequencies, N,, must be corrected in some respects. First,
R 173 | 997 197 the limiting magnitude of the plate will cause positive corrections to be

added to the frequencies corresponding to faint magnitude values. If, for
instance, in a double system one of the components, arbitrarily selected, has a magnitude equal to the limiting
magnitude of the plate, the probability that the other corilponent is also to be found on the plate amounts to
/2. In every second case the first component will not be included, although it is to be found on the plate,
since the double nature of the object is not apparent. If a certain galaxy (apparent magnitude = m, absolute
magnitude = M) really has a component, the probability w for this component to be brighter than the limiting
magnitude, m + o, can be written in the following form:

(42) w= fdMgp(M)- QUL + ).

Here @ (M) denotes the frequency function of the absolute magnitudes of the galaxies. Further the following
relations are valid:

! See Chapter II. * See Chapter III.
P
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+ @

A Table 10.
fdMov(M)= 1 Q(M)=fdM¢(M)-

The weights 1/w
. to be applied to the
Thus we assume the absolute magnitudes of the two components not to be correlated. frequencies.

-—0

Assuming the absolute magnitudes to be normally distributed with a dispersion (i, —m) 1o =
of 110 we are able to compute the above probability w as a function of the magnitude
difference 4 = (m, — m). In Table 10 this relation is given. In the computation of the o%o 2,0
frequencies every galaxy should be given a weight of 1/w. The frequencies thus corrected 2 : ig
are given in Table 9 as N,. 0.3 1y
The frequency numbers that correspond to bright objects are small, and a correc- o 4 I~g
. o, I,

tion depending on the existence of optical systems may here be of some importance. In o. 2 s
accordance with some derivations previously made® the probability, Wo, s, that a certain . 7 1.4
galaxy has an optical component within a distance 9 can be expressed in the following way: :' 2 i‘;
N i I, 2 1.3
C I, 3 1.2
(43) Wo,s =fWa,(s+¢s) = --fd (cos®" 7/s) =1 — cos*" %/,. L 6 2
v 0 0 1.7 1.I
: : : : 2. 3 1.1
Here n denotes the total number of objects spread out over the sky. In accordance 2. 4 1.0

with the definition of a double galaxy used in the present paper the value of 9 may

be put equal to 2(a+0'.5). Here a denotes the apparent major diameter of the bright galaxy in question, and
the value 0°.5 corresponds ap-

proximately to the diameter of

the component, which is generally W
Table 11. *
Average diameter values
in different magnitude ¢
classes. 0.6 -
m a
gMo — oMg 7.6
10. 0 = 10. 9 8.1
1. 0 — II. 9 4.0
12, 0 — 12. 9 1.9

a comparatively faint object. In
comparison with the value of a,
the latter value is, however, small
and consequently of no great im-
portance.

Fig. 22.

Probability for the existence of an optical pair.

! See Chapter II.
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By using the average diameters @ that correspond to different magnitude classes we are able to compute
the probability, W, for the existence of an optical system, as a function of the apparent magnitude of the brightest
component.' Of course this procedure can be used only for the bright magnitude classes. On the other
hand, the corrections required are of importance in these classes, only. In Table 11 the average diameter values
computed by means of the present material have been given for different magnitude classes. Fig. 22 illustrates
the final connection between the probability W and the apparent magnitude. Here the dots represent the in-
dividual values obtained by means of Table 11 and formula (43), and the full curve represents the smoothed
relation. This curve is founded on the same value of the number n as was used in Chapter II of the present
papef. There the optical systems were discussed from another point of view, and it was considered appropriate
to give the number = the value of 60000. It was, however, pointed out that this value must be regarded as
a maximum value. In the present case we should prefer not to use too large a value so as to avoid an over-
correction of the class frequencies given in Table 9. The dotted curve in Fig. 22 corresponds to a value of n equal
to 30000, and this curve will be used in the present case. If, for instance, we use the density curve III in Fig. 24,
which will be discussed below, we shall find, that the number of galaxies brighter than 146 approximately
amounts to the value assumed above. :

Now the frequencies given in Table 9 can be corrected for the presence of optical systems. Thus every
frequency is to be diminished by the probability W multiplied with the total number of galaxies contained in
the magnitude class considered. This total number can be obtained from Table 8. In this manner the frequencies
N, given in Table 9 are transformed into the final frequencies N,. It should be remarked that only 0.9 per cent
of the total number of galaxies are excluded by this procedure.

By means of the definitive frequencies N, we can arrive at certain conclusions concerning the completeness
of the present material. As regards the apparent magnitudes the catalogue seems to be complete down to about

1475, The corrected distribution of the apparent magnitudes is to be seen in Fig. 23. Here the quantity(log r +%£)

has been introduced as abscissa in the same manner as in Fig. 20. The part of the curve that corrésponds to
m > 1370 can be considered a straight line, and the “correction” to be applied to the apparent magnitudes
in order to obtain the reduced distances gets the value of 4 0™7. Concerning the part of the distribution curve
that corresponds to the bright magnitudes (m < 1370) a “correction” of -+ 07’3 has' been used. This manner
of dividing the distribution into two parts before applying the corrections is, of course, not quite correct, but
the errors involved are sure to be small. _

The corresponding density function is given in Fig. 24 in the full curve I. This curve corresponds to an
average absolute magnitude of the galaxies of — 15™0. The full curves IT correspond to the density curves
given in Fig. 21, hence they are valid for galaxies in general.

The deviations between the two density curves I and IT are of very great interest. Further on in this paper!
the formation of double and multiple galaxies will be discussed. By means of some theoretical derivations based
on the principles of statistical mechanics we will obtain a relation between the density function of double
and multiple galaxies and the same function of galaxies in general. It will be shown that this theoretical rela-
tion agrees very well with the observational facts given here. : '

However, according to these theoretical deductions, we obtain, in Fig. 24, the dotted curve III as a con-

! See Chapter XII.
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Fig. 23.

Apparent magnitude distribution in -the present catalogue.
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Fig. 24.

Density function for double and multiple galaxies.
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tinuation of curve II. This implies that we have here a larger number of galaxies than has been assumed above
in the discussion of the local metagalactic cloud. Before we can obtain any reliable results in this respect we
must, however, await the accumulation of accurate observational data. Anyhow, the space distribution of double
and multiple galaxies indicates the existence of a local cloud, where the maximum density is to be found at
about the same place as it is for galaxies in general. Concerning bright galaxies we can draw the conclusion
from Fig. 24 that every second galaxy is a component of a double or multiple system. As regards faint objects
the relative number of single galaxies increases. If we start from density curve I1I we find that 22 per cent of
all galaxies fainter than 1370 are members of double or multiple systems.

CHAPTER IX
TYPES AND FORMS OF THE GALAXIES

43. In the present chapter some investigations will be made into the classification of anagalactic objects.
The dependence of the apparent types on the distances of the objects and on the quality of the plates used
will be discussed. Some remarks will be made concerning the relation between the apparent and the absolute
appearance of a galaxy, and further some attempts will be made to solve the problem of the absolute forms and
the orientation in space of the anagalactic objects.

The planetary nebulae and the galaxies have been divided by Max WoLr into 23 different types according
to their apparent structure or appearance. In a previous chapter! we have given an account of the use made
of this system of classification in the present catalogue. It was also pointed out that in the extensive catalogue
by KarL Reinmurs?, ‘Die Herschel-Nebel’, WoLs’s classification has been exclusively used. We will here make
some comparisons between the above two catalogues, and it will be shown that even by using this simple method
we are able to draw some important conclusions regarding the stability of the classifications. It has been pointed
out already that the two catalogues are generally based on plates taken with the same instrument.

It may be remarked that investigations of this kind have been made earlier. Thus K. LuNDMARK® has
made a comparison between the classification made by him on Crossley plates and the classification made by
REeinmuTH in the above catalogue. LUNDMARK states that the comparison diagram resembles a RussgLL dia-
gram, for on the Crossley plates the spiral structure is often more plainly shown than is the case on the Heidel-
berg plates. Further, H. SmarLEY and A. Ames® have compared HusBLE’s and CURTIS’ classification with
REiNnMuTH's. '

In Table 12 the objects common to REINMUTH’s catalogue and to the present one are compared as regards
the type values. The arrangement is the same as in an ordinary correlation table, and further explanations of
the notations are perhaps not necessary. The total number of objects amounts to 359.

A large number of galaxies are not included in the table. In the first place all those objects have been
omitted from the present catalogue that are situated at distances of more than three degrees from the centre

! See Chapter IV. ? Heidelberg Veroff, Band 9 (1926). 3 Upsala Medd 30 (1927). 4 Harvard Ann 88, No 2 (1932).
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e
i ' oo - Table 12.-
gi ‘ A comparison between Reinmuth’s and Holmberg’s classification.
i i . ’
\\ Rein- . . R . . .
Nemuth N I . : . . .
N d |d—ho| ho |e—ho| e f | g |lh=he/h |i,kjo | p|q|T |8 ]t u|vVv | w Total
Holm- ' ' ’ ’
berg
d - T3 I . 48 34 12 ‘ 1 1 100
d—ho 1 : C 4 1 '3 3 2 16
he - 4 i 1|1 | 4 1| 3 20
e—ho A _ 3 1 7
e e | 7] 45| 19 | 1 73
; . S I ; s 1
g 2 30 1 4 711 2 51
h—h, 4 4
h I 2 3 15 1{ 3 2 27
i, k b 1
o 1 I
P 4 4
q 2 2
r 9 4 13
s 9| 1 10
t
u
v 6 6
w 8 8
Total 3 6 1 65 88 . 79 ) 28 2 5|1 6 | 17|24 2 13 | 21 359

of the plate used for their classification. Thus only the reduced plate areas have been taken into considera-
tion. Further, those objects in the two catalogues have been excluded, the type values of which are given with
a note of interrogation, or where the classification has been denoted by two letters not corresponding to the
denotations used in the table. In this way 127 galaxies have been excluded.

’ In the above table several large deviations occur, and these are distributed in such a way that the general
appearance of the tablé recalls that of a RUSSELL diagram. REINMUTH's type values are generally more advanced
than those given in the present catalogue. Such deviations are to be expected, since REINMUTH’s catalogue is
intended to give as good a description as possible of the galaxies considered, while the present catalogue has
the character of a general survey. In the former case those plates that are most suitable for the objects in question
have been selected, whereas in the present investigation the leading principle has been to cover the sky with
plates as completely as possible.

We can thus draw the general conclusion that the type observed is dependent on the limiting magnitude
and the quality of the plate used. As, however, all those objects of the present catalogue have been excluded
that are situated at distances from the centre of the plate of more than three degrees, and since the quality
of the images within the remaining central area is generally good, the limiting magmtude of the plate may have

the greatest influence on the apparent type of an object.
9— 237522,
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The influence of the limiting magnitude of the plate can, however, very well be compared with a distance
effect. On account of instrumental effects and the influences of bad seeing and of possible metagalactic ab-
sorption the measurable dimensions and the surface blackening of an object appearing on the plate will be
dependent on its distance. Consequently, by means of the table, we can probably draw the conclusion that if
a galaxy of an advanced type, e.g. g, 7---w, is placed at a greater distance, the apparent type will change into a
simpler one, as for instance f, g, b and k. The transformation may be due to a fading away of the outer parts
of the galaxy, where the surface brightness is faint, and to a confusion of the structural details within the object.
The former procedure, however, seems to be the most important one. Thus the transformation of type » into
types h, g, f and d—ho, which is illustrated in the table, must imply a fading away of the faint spiral arms,
The transformation of types e, f and g into type d can also be used as an illustration of this effect. With regard
to the confusion of the structural details it should be noted that, according to M. WoL¥*, galaxies of type f
are, in reality, nearly always spirals.

44. Some other effects may also be investigated here as an illustration of the above discussions. First,
there is a very marked dependence of the types of the galaxies on their apparent magnitudes and apparent
diameters. This effect is a very well known one, and we beg to refer to K. LuNDMARK?, ‘Studies of anagalactic
nebulae’. Further, the concentration and the ratio of apparent major and minor axis are highly correlated
with the distance of the object. These connections, as regards the objects of the present catalogue, have been
illustrated in Tables 13 and 14. The corrected estimated magnitude has been used as a distance indicator. The
material has been divided into magnitude classes with a class breadth amounting to 0"'5. In the columns of
the tables only the class centres are given. In the faint magnitude classes the crowding of the concentration
value zero and of round objects is very striking. This probably implies that only the nuclei of these remote
objects appear on the plate.

From an investigation of REINMUTH’s catalogue mentioned above LuNDMARK? has obtained similar results
concerning the ratio of the diameters. He draws the conclusion from this that these small, round objects are
mere nuclei of larger systems, and he points out that all small objects should be excluded in statistical works
on the orientation in space of the galaxies. '

' 46. From the above discussions it is clear that, just like the apparent magnitude and the apparent diameter,
the apparent type is dependent on the distance of the galaxy and on the limiting magnitude of the plate used.
Several other effects are, however, to be taken into consideration too. Thus the apparent type may depend on
the inclination of the object towards the line of sight and on the focal length of the instrument used. The different
effects to be taken into account may as a first approximation be summed up into the following equation:

(44) ' © = f(F,8,8,r,d,m).

Here the following denotations are used:

7 = the apparent type
F = the absolute form
8§ = the absolute structure
B = the inclination of the object towards the line of sight

}= the absolute type T

! Heidelberg Versff, Band 8, No 11 (1928). ? Upsala Medd 30 (1927).
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Table 13.

Dependence of concentration on apparent magnitude.
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o 1 4 13 17 67 109 202 | 269 169 32 2
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Table 14.
Dependence of the ratio of apparent major and minor axis on apparent magnitude.

N\ m

\ "5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16,0 | 1675
N
0.00~0,10 I 1 2. B ¢
0.11~0.20 2 4 8 9 16 21 12 6 4 2
0.21-0.30 4 3 4 4 12 16 28 30 25 3
0.31-0.40 1 1 I 3 5 8 25 33 27 24 17 5 1
0,41-0.50 | 2 1 I 6 4 9 8 11 26 43 42 11 3
0.51-0.60 2 2 2 3 3 12 17 23 10 7 1
0.61-0.70 2 5 10 5 14 19 26 20 12
0.71~0,80 X X 3 3 3 1 11 20 20 13 6 1
0.81-0.90 4 1 3 2 2 1 1
0.91-1,00 _ 3 1 2 9 10 21 66 119 215 250 153 | @ 23" 1
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r = the distance of the object

d = the focal length of the instrument used

m, = the limiting magnitude of the plate. _

Thus the apparent type must be considered as a rather complicated function of the absolute type introduced
above. '

In the present paper we will make some investigations into the equation given above. Thus the absolute
form and the inclination of the spirals towards the line of sight will be discussed in the present chapter. In
the next chapter the absorption phenomena within anagalactic objects will be investigated, and in this way
the absolute structure has also been taken into consideration to a certain degree.

46. The orientation in space of the galaxies in relation to the line of sight has earlier been the subject
of some investigations. Thus J. H. REYNoLDs' has discussed the orientation of the planes of the spirals. The
results obtained suggest that there is an excess of spirals seen edgewise. Later on E. Opix® has tried to explain
this excess by pointing out that the spirals, if seen edgewise, have a greater surface magnitude than if observed
at great angles. On account of this too large a number of objects with small inclinations to the line of sight
will be found in any given material. Further, E. P. HUBsBLE® has made an investigation of the absolute forms
of elliptical galaxies. Assuming a random orientation in space of the objects he was able to derive the distribution
of the actual ellipticities.

Here it may also be remarked that some investigations have been made into the problem whether, on an
average, the spiral planes are parallel to a certain fundamental plane or not. Thus H. Kxox Suaw?, B. MEYER-
mANKN®, C. C. L. Grecory® and K. LunpMARK’ have discussed this problem. No definite results have been
obtained. In the following pages we do not propose to take effects of this kind into consideration. In any case
the deviations from a random distribution of the inclinations towards the line of sight must be small, if all areas
of the sky are taken together. »

Above we have denoted the inclination of an object by 8. This is the angle between the principal plai;e of
the galaxy and the line of sight, or the latitude of our galaxy for an observer situated at the centre of the ob-
ject in question. By making some assumptions concerning the absolute form of the anagalactic objects we are
able to compute this inclination by means of the observed ratio of apparent major and minor diameter. In the
following discussions only spirals will be taken into consideration, and in this case an oblate spheroid may be
the simplest model to start from. '

If the axes of this spheroid are denoted by 4 and k4 (k < 1), and if the observed major and minor dia-
meters of the galaxy are denoted by a and b respectively, we can derive the following simple relation:

(45) | sinvg =L,

Thus we here obtain a relation between the inclination and the observed ratio b/a by introducing the absolute
flattening k. It may be remarked that, in the paper mentioned above, HUBBLE has given an equation of the same
significance.

! MN 81, p. 129 (1920) and MN 82, p. 510 (1922). 3 Obs 46, p. 51 (1923).
3 Mt Wilson Contr 324 = ApJ 64, p. 321 (1926). 4 MN 69, p. 72 (1908). 5 AN 219, p. 131 (1923).
U MN 84, p. 456 (1924). 7 Upsala Medd 30 (1927).
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Orientation in space of the spirals.
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We are going to use below the formula (45), and by assuming the spirals to have a random orientation as
regards the inclination towards the line of sight we will try to get an average value of the flattening k. In
this connection it is, of course, of very great importance that the observed diameter ratio b/a is free from sys-
tematic errors. The errors must not be dependent on the inclination. Since spirals, if seen edgewise, have a
brighter surface magnitude than objects at right angles to the line of sight, such dependence is, however, to
be expected. In order to eliminate this error we will exclusively use apparent bright and large objects in this
investigation.

In order that the above assumption regarding a random orientation should be justified, it is of very great
importance that the material used is homogeneous. The galaxies must not be selected according to such apparent
properties as are correlated with the inclination of the objects. Thus the apparent magnitude must not be
used. In the following chapter it will be shown that the observed magnitude of an object is dependent on the
inclination in such a way that an edgewise orientation corresponds to a fainter apparent brightness.

In the present investigation it has been considered most appropriate to select the spirals according to
their apparent major diameters. Only apparently large objects have been taken into consideration and thus it
can be expected that the systematic errors in the observed diameter values are small and that the selected
objects represent a homogeneous material. '

The material used here has been taken from the Harvard survey’
of bright galaxies. The diameter values given in this catalogue have

Relation betwfea;:)l:;i;:‘eter ratio and been compil.ed from various source.s, it is true, yet the values givelf »for
inclination. the large spirals may be comparatively accurate. The results obtained
appear in Fig. 25. Here the spirals have been divided into five different
bja sin § 8 classes according to the major diameter a. The values of the inclina-
. tion 8 have been computed on the assumption that the absolute
zz: 2‘1’: : flattening & equals 0.20. In this computation Table 15 has been used.
0.30 0.23 13 The class frequencies N have been reduced to a class breadth, & sin g,
035 029 17 equal to 0.10.
0.40 0.35 21 . .
0.45 By 24 If the average value assumed of the absolute flattening is correct
0.50 0.47 28 and if we assume a random orientation of the spiral planes, the class
Zgg z: ; g; frequencies will be independent of the value of sin 8. This seems actually
0.65 0.63 39 to be the case. Of course, many deviations from the straight horizontal
070 0.68 43 lines drawn in the figure are to be found. Thus the number of objects
zgg Z;; ;2 that corresponds to sin g = 0.35 is generally too large. This depends
0.85 0.84 57 on the diameter ratio b/a = /s, which is too numerously represented
Z:Z: Z:zz :‘: in the material. In the same manner many objects with a diameter ratio
1.00 1.00 90 equal to 0.8 and 0.9 have probably been classified as round ones.

If we do not take the above small deviations depending on
observational errors into consideration, we may thus conclude that a random distribution of the spiral planes
is obtained if we assume the spirals to have the form of an oblate spheroid, where the ratio of major and
minor axis equals 0.20.

! Harvard Ann 88, No 2 (1932).
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CHAPTER X
THE EXISTENCE OF DARK MATTER IN THE GALAXIES

47. In the present chapter we are going to take into consideration the general absorption effects to be
found within the anagalactic spirals and within our own galactic system. The knowledge of these effects is of
very great importance in the determination of the absolute properties of the galaxies and in the discussions
of their arrangement in space.

In our own stellar system the occurrence of non-luminous occulting matter has been the subject of a great
number of investigations. Especially the general absorption produced by the dark matter has in many respects
been discussed. For the solution of the problems considered here it may be of importance to compare the Galaxy
with the anagalactic spirals. By using these objects we are able to study the absorption phenomena from other
points of view.

M. WoLr" was probably the first to suggest that there is an analogy between the dark nebulae to be found
in the Milky Way structure and the dark markings in the anagalactic spirals. In an extensive paper H. D.
Curtis® has discussed the apparent distribution of the dark matter within anagalactic objects. Many reproduc-
tions are given in this paper, showing the absorption effects produced by the occulting material. The occurrence
of dark bands in edgewise spirals seems to be a very common phenomenon. In some cases the dark matter is
probably distributed in rings lying in the principal plane of the spirals.

In several papers K. LunpMARK® has called attention to the occurrence of dark nebulae in anagalactic
objects. It has been shown that these nebulae have probably the same absolute dimensions as the corresponding
objects in the galactic system. Thus the absorption effects within the spirals can be compared with the corres-
ponding galactic absorption effects.

Several other investigations have been made into the absorption effects considered here. Some of them will
be discussed below. The results obtained indicate that the Galaxy and the anagalactic spirals can very well be
compared, not only regarding the distribution of light within them, but also regarding the distribution of
dark matter.

48. We will first take the absorption phenomena within the anagalactic spirals into consideration. The
dark material in the spirals proves its existence not only in the structural appearance of the objects but also in
other observational facts. Thus the dark matter will cause the spirals, if seen edgewise, to be fainter than those
situated at great angles to the line of sight. Further, the absorption phenomena will be dependent on the
absolute dimensions of the objects if we assume the galaxies to be expanding or contracting. The above effects
and some other problems, too, will to some extent be discussed in the following pages. '

In order to make the above problems solvable we must start from certain assumptions concerning the
distribution of bright and dark matter within the spirals. As regards the distribution of light, a normal fre-
quency function may be the simplest expression to start from:

drdydes 37 2 2t

(46) q)(x,y,z)dxdydz = W'

1 AN 190, p. 229 (1912). 2 Lick Publ XIII, Part IT (1918). 3 See e. g. PASP 33, p. 324 (1921) and Upsala Medd 12 (1926).
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Here z, y and z are the rectangular co-ordinates measured from the centre of the object, and the xy-plane is
assumed to coincide with the principal plane of the spiral. The dispersions in #, ¥ and z are denoted by oy, o,
and g, respectively. The total light of the object has been put equal to unity. L
Regarding the above assumption, some remarks will be given. In the preceding chapter it was shown that
the shape of a spiral can be represented by an oblate spheroid. This observational fact can be represented:by the
formula (46) by putting the dispersion o, equal to g, Many times small and bright nuclei are to be.found in the
spirals. These nuclei cannot, of course, be repregented by the above simple formula. The relative brightness
of the central parts.of a spiral is, however, gener-
ally in good agreement with a normal distribution
of the light.  Thus, according to formula: (46),
about four ninths of the total light:is to be found
within a central ellipse with axes.equalto 26, and
2 g;, if the object is observed from a distant point on

the -z-axis. Very frequently this is approximately
in accordance with observed facts. If we assume
that in a given spiral the outermost parts that
can be recorded are situated at adistance from
. the centre of 2.5 times the corresponding. disper-

sion, we shall in the above case obtain a.value .of

" the concentration of light' equal to about. 4. If

we investigate the spirals found in the present

catalogue, we find an average value of the observed

concentrations amounting to 3.9. It is, however,

to be remarked that the absorption-effects are
included in these concentration values.

: . - Trig. 26 The distribution function of the absorbing

The co-ordinate systems introduced. matter will be denoted by Y (@, Y, 2).. Here .z, .y

and z are the same rectangular co-ordinates as

the ones used above The function ¢ (@, y, ) represents the optical density at the point x, y, 2. . This density
is defined as the relative loss of light per unit of length for light passing the point in questlon.

At this point we need another system of co-ordinates £, 5, ¢. In accordance with Fig. 26 the negative
¢-axig is directed tgoivards the sun, while the §-axis is assumed to coincide with the x-axis. Thus the. z-axis
must be situated in the celestial plane, and this can be attained, if we assume the spiral to have the shape of
an oblate spheroid (oy = ;). The angle between the ¢-axis and the y-axis is denoted by . It is the latitude of
the sun for an observer situated at the centre of the system in question. = = -

Now the function ¥ (%, ¥, 2) may be replaced by the function f (&, 4, ¢):

(4’7) A w(w,y,z) - f(g,"]:Q)-

! See Chapter IV,
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'&?i:fore entering upon further discussions of the above functions, we will draw some general conclusions regarding
p influences of the absorbing matter.

o 49. A quantity of light ¢ (¢', ¥', 2') do dy dz emitted from an element of volume dz dy dz situated at

point &', y', 2" (corresponding to ¢, 7', ¢") will be considered. On its way to the observer, the light has reached

the point z, y, z (corresponding to § =£', n =1, ¢), and by absorption the original quantity has been reduced

to @ (@', y',#') dedydz. In the passage through an absorbing layer dg at this point the following absorption

takes place:

(48 d(p: @,y 2 ) dudy de) = f(Em, ) ds- gs (&', ¢, &) de dy de.
By integrating this expression from ¢ = — » to ¢ =¢" we obtain:
. N ;I
w9) 1 (9o (@, ¥, ) dedy d2) = In (p o, o/, &) de dy d2) — f 16 m,¢)de.

Here In denotes the natural logarithm. If we want the above loss of light expressed in magnitude classes, the
following relation can be derived:

(50) dm = 1.09 f FE 7,6 de.

Starting from the expression given above, we are able to derive the absorption effects which appear to an
observer situated at the centre of the system in question and observing objects outside it. For the absorp-
tion o/ m as regards the observed magnitudes of these outside objects we find the following expression:

(51) Am =109 f 10,0, ¢) d.

Further the total brightness of the above system, if observed from a distant point on the negative g-axis, can be
related to its real brightness (absorption not considered) by means of the following integral equation:

I

+® 4o 4w 4o 4o 4o - ff(&.n.S)dc
(52) fff¢~w(w,y,g)dxdy.dz=f f fqa(w,y,z)dxdydz~e —

50. We will now pass on to discuss the form to be adopted for the distribution function y (z, ¥:2). In
general we do not know very much about the distribution of the dark matter in the spirals. There are, how-
ever, some observational facts to be mentioned in addition to those given at the beginning of this chapter. Thus
W. E. BErNHEIMER! has investigated the occurrence and distribution of dark matter in the great spiral M 33.
Altogether more than four hundred objects, which are presumably absorbing nebulae, have been studied. Several
indications are here given that the general distribution of dark and bright matter is similar in nature. Further,
we will call attention to the results which can be obtained from our own galactic system. Here the dark matter
seems to be concentrated towards the principal plane in about the same way as the stars themselves.

! Kungl. Fysiografiska Séllskapets i Lund Férhandlingar I, No 5 (1931).
10— 37522,
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In anagalactic spirals seen edgewise, there generally appears a band of dark matter. Here we have a pos-
sibility of determining the relative thickness of the absorbing layer. Sometimes, however, the occulting matter is
probably concentrated in rings lying in the principal plane of the object. Of course, these rings may cause dif-
ferent absorption effects from those produced by an evenly distributed absorbing layer. Here we do not intend
to take these peculiar effects into consideration. In order to make possible a simple treatment of the absorption
problems we may, for the above rings, introduce the term effective thickness, i. e. the thickness of an absorbing
layer having the same general absorption effects on the total brightness of the object as the rings.

Following the above discussions we will tr'y to start from a normal distribution of the absorbing matter:

0 rdmdydz . _ﬁk:a’ —'Mfsﬂ"z—ﬂk:’ua
(53) Yz, y,2)dedyde = T, oy 0y oy 0y (270 e 2 oy 2yo, Aoy,

Here the dispersions are denoted by k, ¢;, k;0; and k;0;. In general, we may assume the constants k,, k, and
k; to be smaller than unity. A constant, r, proportional to the optical density at the centre of the system, has

been introduced.
In order to transform the above function into the functlon f (§, 7, ¢), the following denotations will be

employed:
__cos®b + sin®b
T 2kia | 2kl
i inb b
(54) g = sinb cosb  sinb cos

2k; o} 2k; o}

sin®b + cos®d )
=ra T kg

If we start from formula (53), the function f (&, 5, ¢) can now be expressed in the following way:

(65) fE ¢ = r _e—n?a: —"’( _‘17_:) P (H'" 1%)’
i Ty Oy Fog O3 g 0y (270) :

By introducing the above formula (55) into formula (51), the following value of the absorption #/m
is obtained:

(56) Am — 0.061 »

VI_D ky 0,k 0.k, 0y

If we introduce formula (55) into formula (52), the observed total brightness of the ga,laxy obtains the following
value: :

+® 4o 4w

+
(67) f fqa—w (x,y,2)dxdydz =

r q a2 9
o to 4o o .V_Q—;Q(Vﬁp(f"'ﬂ-;)) TP 1—"11'(0—;)
dxdydes o 39 2 208 Rohakois e !
a, 10305 (2 70)

P —".
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In the above equation the function @ (u) has been introduced:

k12

m

The above formula (57) expresses the relation to be found between the observed total brightness of an ob-
ject and its inclination towards the line of sight. The integrals given there cannot, however, be exactly solved.
Because of the great labour involved, a numerical evaluation will not be performed here. By means of some
simplifying assumptions regarding the distribution of the absorbing matter, the expressions will, however, be-
come more suitable for numerical computations.

51. In the preceding chapter it was shown that the exterior form of a spiral can very well be represented
by an oblate spheroid. The largest diameter is on an average about five times larger than the smallest.
The study of edgewise spirals suggests that the absorbing layer is flattened in a higher degree than the system
itself. In any case we may assume as a fair approximation that the absorbing matter is spread out in such a
flattened disk that the thickness of the layer can be considered to be about the same everywhere. In this way
we arrive at the following distribution function:

ut

(58) Qu) =

rdz -t
(59) Y(e)de = m e oy,
Here the same denotations have been used as in formula (53). Of course, the constant » now assumes a different
numerical value.

As for edgewise spirals, the above formula cannot be used for the derivation of the dependence of the
observed total brightness on the absorption effects. For, according to the formula, the absorbing layer has an
infinite extension in the xy-plane. Thus we must not consider too small inclinations towards the line of sight.

Now formula (56) gets the following appearance:

05437 C(909)
(60) | dm =40t = Sinb

Thus the total absorption that influences an observer situated in the principal plane of the system in question
adopts the value of 0.543 r = C (90°), when the latitude b is equal to 90°. In other latitudes the absorption is
inversely proportional to the value of sin b. The total optical thickness of the absorbing layer amounts to
2C (90°).
We get the following expression for the total brightness of the system if observed from a distant point
on the negative g-axis:
+® +o 4o 22

(61) f f f”"“" o dwdydz_f V2n' S Q)

—) ——00 =—00

The function Q( ) used here is defined in formula (58).

k3 8
Formula (61) expresses the relation to be found between the observed total brightness of the object and

_the inclination b towards the line of sight. The integral expression given to the right of the sign of equality
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cannot be exactly solved, but a numerical evaluation can in this case very well be performed. The @-function
has been tabulated by C. V. L. CuarLIER'. In Fig. 27 the solutions have been illustrated and there four curves
have been computed, corresponding to different values of the relative thickness k; of the absorbing layer. The
quantity 68%19—0% has been selected as abscissa, while the ordinate & m,  corresponds to the total loss of light,
expressed in magnitudes, caused by the absorption effects within the spiral.

From the figure it thus appears that the observed total magnitude is highly dependent on the orient-

0.0 +0.5 +/.0 +/.5 +2.0°

Fig. 27.

Dependence of the observed total magnitude of a spiral on the inclination towards the line of sight.

ation of the principal plane of the object. As the inclination towards the line of sight gets smaller, the observed
brightness of the object becomes fainter. If the relative thickness of the absorbing layer has a very small value
(in the figure one curve has been drawn corresponding to k; = 0.0) the absorption & m, can at most amount
to 0'75. As the absorbing layer gets thicker, the absorption obtains larger values even if the optical thickness
C (90°) is unchanged. ‘ '

62. We will now pass on to investigate how the theoretical relations illustrated in Fig. 27 correspond to

! Lund Medd II, No 4 (1908).
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Relation between the average apparent magnitude of spirals and the inclination towards the line of sight.

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1937AnLun...6....1H

78 THE EXISTENCE OF DARK MATTER IN THE GALAXIES

observed facts. The catalogue by H. SHAPLEY and A. Awmgs!, comprising all galaxies down to 1370, gives us
excellent material to start from. The magnitude values there given are probably very accurate. All large spirals
found in this catalogue have been selected, and a division into classes has been made according to the major
diameters. This division is illustrated in Fig. 28. The same diameter classes have been used as in the preceding
chapter. There the orientation in space of the spiral planes was investigated, and it was shown that within the
classes in question the inclinations of the planes towards the line of sight are very probably distributed at random.
Thus the objects within the different diameter classes here used probably represent a homogeneous material.

The inclination b of the spiral plane towards the line of sight has been computed from the ratio of major
and minor diameter by means of Table 15.2 The average apparent total magnitude has then been derived within
different intervals of this inclination. The results obtained appear in the figure. The areas of the full circles
correspond to the number of objects.

There is a conspicuous relation between the average magnitude values and the inclination. On an average,
edgewise spirals are fainter than those situated at right angles to the line of sight. This is valid for objects with
small diameters too, although, in this case, the observed dimensions are probably systematically too small
in comparison with those of large spirals. The mean curve given in the figure is derived from all the five classes.
Thus, on an average, the total magnitude becomes 07'6 fainter as the inclination b changes from 90° to 0°.

Similar effects of orientation in the apparent magnitudes of the galaxies have been found by E. P. HUBBLE.?
Using the visual magnitudes as observed by J. HoLETSCHEK and as revised by J. HopmaNN, he obtains an average
variation in the total magnitude of about one magnitude, when the inclination of the object changes from
0° to 90°.

The observed values obtained above may now be compared with the theoretical ones. In Fig. 27 above,
the theoretical connection between the absorption #m,,, the optical thickness C (90°), and the inclination b
has been illustrated. It was pointed out above that these theoretical derivations cannot be used for small values
of the inclination b. Consequently we are not going to consider the values of b that are situated between 0°
and 10°. From the observed mean curve in Fig. 28 we obtain a variation in the absorption 4 m equal to -+ 0746
when b changes from 90° to 10°. If we accept this value and if we use Fig. 27, we are able to derive an average
relation between the relative thickness &, of the absorbing layer and the absorption C (90°).

This average relation is illustrated in Fig. 29. According to this figure, &, obtains the value of zero when the
optical thickness C (90°) amounts to about 0"'3. For larger or smaller values of C (90°), the relative thickness
kg increases. Thus it appears that &, is highly dependent on the value of C (90°). By means of edgewise spirals
some indications regarding the real value of k; can be obtained. It seems safe to conclude that the dark bands
appearing in these objects generally have a thickness amounting to about one third of the total thickness of the
object. Not leaving out of consideration that these dark bands perhaps cannot give us very reliable values of the
constant k;, we may nevertheless try to use the above value. If &, is given the value of /s we can obtain, from
the average curve given in Fig. 29, an optical thickness C (90°) = 0715 and C (90°) = 17'4. It may be remarked
that the values of C (90°), which have been obtained for our own galactic system by means of different methods,
are generally situated between the two values here given.

53. The above relation between the total magnitude of an object and the absorption effects will influence

! Harvard Ann 88, No 2 (1932). ? In this table the inclination is denoted by §.
3 Mt Wilson Contr 324 = ApJ 64, p. 321 (1926).
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i the distribution of the corresponding absolute magnitudes. If the observed absolute magnitude is denoted by
g): M and the corresponding dispersion by o,,, the following resolutions can be made:
[t}

(o]

M=M,+a4M,+ 4M,

(62) 2 2 2 3
Oy = 06, + 05 + 0,.

Here M, denotes the value of the absolute magnitude, if no absorption is considered, while # M, and 4 M,
are the absorption values depending on the distribution of the dark matter within the system (the inclination b =
90°), and on the inclination . Concerning the dispersions, the indices have the corresponding signification.

Fig. 29,

Average relation between the relative thickness of the absorbing layer and the corresponding optical thickness.

If we use the mean curve given in Fig. 28, the following numerical values, valid for a given volume of
space, are obtained:
4M, = +0Y28 g, = 0"16.

Thus the different inclinations of the spirals towards the line of sight will produce an additional dispersion in the
absolute magnitudes of the objects amounting to 0*'16. The values of Z_M_c and of o, cannot be determined.

64. TFig. 27 above can be used for an investigation into the problem as to how the absorption effects
change, if the object is expanding or contracting. The abscissa given in this figure can be transformed in the
following way:
(63) log (ﬂn—ba-) = const + logsind + 2log A.

C(90°)

This formula implies that the optical density of the absorbing matter at a given point within the system is in-
versely proportional to the volume of the object. In this way C (90°) becomes proportional to 4~ 2, where 4
is the absolute major diameter. If the present value of the diameter 4 is put equal to unity, the quantity log 4
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in the above formula can be replaced by the deviation «log 4, and the constant term of the formula will adopt
the value of — log C" (90°). Here C’ (90°) means the present value of half the optical thickness of the absorbing
layer.

By means of the above transformations Fig. 30 is obtained. Here ./ log A has been introduced as abscissa.

. 1 sinb ey s o
In reality, the curves correspond to an abscissa +log 4 + 3 log (74—0;’@?_)) However, if b is put equal to 90

and if €’ (90°) amounts to 0'25", the constant term vanishes. The different curves in the figure correspond
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Fig. 30.
Dependence of the observed total magnitude on the absolute dimensions.

to different values of the relative thickness ky of the absorbing layer within the object. According to these
curves the absolute luminosity of a galaxy will depend on its absolute dimensions, if we assume the dimensions
to be changing on account of an expansion or contraction. A large value of the absolute size will correspond to
small absorption effects and consequently to a large absolute luminosity. In this way the above curves, especially
those given for large values of k,, enable us to explain the relation between the absolute magnitudes and dimen-
sions of the galaxies derived in Chapter VII of the present paper as an effect of absorption.

! This value agrees with the value found by E. P. HUBBLE for the Galaxy. Cf. Mt Wilson Contr 485 = ApJ 79, p. 8 (1934).
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< b5. At this place it may be remarked that K. LuNDMARK! has determined the proportions of dark and
™~

g: bright matter for five spirals by using their spectroscopically determined rotation velocities. In a table the
~* following ratio f has been given:

f = Dark + Bright matter
Bright matter

The values of f change between 100 : 1and 6: 1. In the computation of the bright matter LuNDMARK has, however,
not considered the absorption effects within the spirals. Here we will make an attempt to take these effects into
consideration.

The following denotations will be introduced:
m, = the total mass of dark matter.
m, = the total mass of bright matter.
m, = the mass that corresponds to the observed light.
In this way we get:
_ mp -+ mg _ ™
Here k is the ratio of the total dark matter to the total bright matter. If we put the ratio m,/m; equal to the

corresponding ratio of light, and if the absorption concerning the total magnitude of the object is denoted by
4 M, we get the following relation:

(65) AM =25 log% = 251og f — 2.5 log (1 + ).

Thus the observed ratio f can be resolved into the absorption effect # M and the true ratio k.

In individual cases the above absorption effect o/ M cannot be determined. Concerning the five spirals
mentioned above, there is an indication of a correlation between the quantity (J M +2.5)og (1+ Ic)) and the
types of the objects. In Fig. 31 an illustration is given of this. The types of the spirals have been referred to
the system of E. P. HueBLe®. In one case the agreement is not good. This value is, however, considered
by LuNDMARK a doubtful one. The Galaxy, which is also included in LunpMARK’s table, has been introduced
in the figure (open circle) as a spiral of type Sc.

Of course the number of individuals is too small for reliable values to be derived of the correlation suggested
above. It may, however, be supposed that the absorption effect ./ M becomes smaller, when the type of the
spiral becomes more advanced. In this way the large variations to be found in LuNDMARK’s ratios can perhaps
be explained as an absorption effect. The true ratio k, of the dark mass to the bright mass, can thus very well
be comparatively constant. If, for the type Sc, the absorption o M is assumed to be zero the ratio & gets a
value of 6 or 7.

56. After the above discussions concerning the existence of absorbing matter within the anagalactic
spirals, we will take our own galactic system into consideration. The general absorption effects appearing here
will influence the observed apparent properties of all objects situated outside the system. Thus every investiga-
tion into this problem will be of great importance. In the present paper we do not intend to take up these

! Lund Medd I, No 125 = VJS 65, p. 275 (1930). 2 Cf. Mt Wilson Contr 324 = ApJ 64, p. 321 (1926).
11— 37522,
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absorption effects for general discussion. Only some results to be obtained from the apparent distribution of
the anagalactic objects will be discussed.

Several important investigations based on the apparent distribution of the galaxies have already been
carried out. Thus P. vax pE Kamp! discusses the material obtained from the Harvard survey® of bright galaxies
and from E. A. Fara’s® study of plates of Selected Areas with the 60-inch reflector at Mount Wilson. An op-
tical thickness of the galactic absorbing layer of 0.8 and 1.4 photographic magnitudes respectively is here ob-
tained. Later on E.P.HussLE! investigated the distribution of about 44000 galaxies on plates with the 100-inch
and 60-inch reflectors at Mount Wilson. The absorbing layer was found to have a thickness of 07'5. Here
we do not intend to give a detailed
account of the investigations that

¢ aM+2s5 [Qg // +/C/ 2 have been made into the problem
91 ) in question. For further informa-
tion we beg to refer to the papers
mentioned above. '
w4t~ 67. In the following inves-
. ~ tigation we are making use of the
~ material given in the catalogue by

S~ o H. SeaPLEY and A. Amus.? Thus
+31 ~

+

~ the same objects are used as in the
>~ o .0 above investigation by van D
~ Kamp. As, however, certain new

+21 . Type points of view are taken into ac-
, ; > count here, a renewed discussion
Sa : Sh Sc may be justified.
If, in a given solid angle, the
Fig. 31. density function of the galaxies
The observed ratio of bright matter to dark matter for spirals of different types. can be expressed in accordance
with formula (85) in Chapter VIII,
the number of objects F' (m) that are brighter than or equal to the apparent magnitude m can be expressed
in the following way: v
(66) log F(m) = fm + const.

If the density function within the solid angle considered is constant, the factor f gets the value of + 0.6. If
we consider two different magnitude values m, and m, the following relation is obtained:

_ log F(m;)) —log F (me).

N /

Thus the magnitude difference can be obtained from the corresponding difference between the numbers of the
galaxies, if the value of the factor f is known.

67) my — my

1 AJ 42, p. 97 (1932). ? Harvard Ann 88, No 2 (1932). 3 AJ 28, p. 75 (1914),
¢ Mt Wilson Contr 485 = ApJ 79, p. 8 (1934).
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!
E- If the density function is the same in different solid angles, the above Table 16,

gi' formula can be used for an investigation into the galactic absorption effects.
= We may at once take the above Harvard catalogue into consideration. Here
the observed limiting magnitude is 18370. If in a solid angle situated at the

Distribution of the objects in
the Harvord survey,

galactic longitude ! and latitude b, the total galactic absorption, in photographic L Ny
ma,gnitlidéé, is denoted by C (I, b), the real limiting magnitude gets the value 00— o 2 | 38%
1870 — C (1, b). If we omit the influence of the galactic longitude, the following 10.0— 19.9 o | 28.8
relation is obtained between the absorption effects at the latitudes b, and b, and 20,0 — 20.9 o | —
the corresponding numbers of galaxies: : 30.0— 39.9 o | —
0.0— 49.9 o —_
6 O)— o) = log F(13.0 — 0(3,)) —log F (13.0 — C(3,) oo o | 3 |ieo
f ) 60.0— 69.9 ] —
In order to justify the above assumption concerning the density function ;Z: Z: gz'_z I: izz
only some selected areas of the sky will be considered. Through investigations 00.0— 09.9 | 18 | s1.1
made by Kxur Lunpmark! it has been shown that the anagalactic objects are 100.0—109.9 | 41 | 59.%
concentrated towards a great circle on the sky, the metagalactic equator. Thus 110,0—110.9 | 34 | 66.4
the density function is dependent on the metagalactic latitude. In ordertoelimin- | ¥2%-°120.9 | 49 | 76.6
ate these effects we will here consider only objects. situated between - 20° and 130 0:139' o | 138 22'185
— 20° metagalactic latitude. Since the metagg,lactic equgtor intersects the :Z: Z_ i:z:z 2: Gi: R
galactic equator at approximately right angles, the dependence of the absorp- 160.0—160.0 | 25 | 53.7
tion C (b) on the latitude b can very well be investigated. 170.0—179.9 | 20 | 44.8
As regards the above areas, the distribution of the objects in the Harvard 180.0—189.9 5 | 34.6
catalogue is given in Table 16. Here L denotes the metagalactic longitude. 190.07199.9 ro|ste
The ' metagalactic co-ordinates are based on LUNDMARK’S pole (o= 323°, 0 = ::Z'Z::‘:Z'Z z 2?'_0
+ 66°.5), and they have been computed by means of a table kindly placed at 220: 0—220.9 o | —
my disposal by Dr. Lunpmark.? The average numerical value of the galactic 230.0— 230, 9 o | —
latitude has been computed for every class in Table 16. 240.0—249. 9 3 | 19.7
The above distribution is illustrated in Fig. 32. Here the groups situated | 250.0—259.9 5 |354
at the same galactic latitudes have been taken together in pairs. The metagal- | 26°-©—269.9 3 | 450
actic equator is intersected by the galactic equator at the metagalactic longitudes | 2:" ° : 4;9. o z : = 2
L =41° and L = 221°. The latter point corresponds to a galactic longitude of : 9:: :_ : 93:2 26 6:: 3
343°. There are some indications that in this direction, which approximately 300.0—300. 9 o | 7.6
corresponds to the centre of the Galaxy, the absorption effects are somewhat 310.0—310.9 | 10 | 73.4
larger than in the opposite direction. Through the above combination of pairs, these 320.0—~329.9 | 13 [67.8 |
effects have been smoothed out. The full curves I and II, which represent the 33003399 | 14 62.2
observed frequenoms, have been determined graphically. A least squares solution 340.07349.9 | 29 | 542
cannot be made, since several class frequencies are equal to zero, and the function 350.07359.9 |45t
log F (m) thus gets the value of — o . ‘ * Total 534

! Not yet published. Compare Chapter XI of the present paper.
? A diagram for the determination of the metagalactic co-ordinates is given at the end of the present paper (Fig. 35).

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1937AnLun...6....1H

84 THE EXISTENCE OF DARK MATTER IN THE GALAXIES

The absorption effects will now be discussed. We will try to start from the following simple relation,
which in investigations of the present kind has been a generally adopted starting-point. It may be remarked
that above, in investigating the absorption effects in the anagalactic spirals, we arrived at the same relation,

0(90°) '
sin b

(69) ) =

Provisionally, the sign of the galactic latitude will not be considered. By means of this relation curves I
and II can be transformed into one curve, which gives the distribution corresponding to no absorption. Before
this transformation can be made we must, however, know the value of the quantity f - C (90°), or the very value
that we are searching for. According to the discussion given below, the following value seems in this case to be
the most probable:

(70) f-€(90°) = + 0™6.

In this manner the dotted curve III given in the figure is obtained.

A study of the form and appearance of the final ‘curvé, corresponding to no absorption, is the only way
to decide whether the agsumptions (69) and (70) made above are justified. Of course, we do not know, a priors,
the real form of this curve. We are, however, able to decide whether the form obtained is a probable one or not.
Curve III, which has a continuous run, corresponds to constant class frequencies in the south galactic hemi-
sphere, while the number of objects increases towards the North Galactic Pole. Thus the distribution of the
objects along the metagalactic equator attains a maximum in the north hemisphere. This distribution has
been discussed in a preceding chapter' in connection with an investigation into the spatial arrangement of the '
galaxies. There curve V, corresponding to the absorption at the galactic poles, was obtained, and the relation
between this curve and curve IIT was discussed. By summing up the different facts, we come to the conclu-
sion that curve III probably has a real significance. Thus we may adopt this curve as & representation of
the conditions correspondmg to no absorption.

The sun is situated north of the galactic principal plane, and it can be assumed that this will influence the
absorption effects. In Fig. 32 the dotted piece of curve IV illustrates how large a displacement is obtained, if
the quantity f- C (4 90°) changes from the value 4 076 to the value 4 05. If the factor f equals - 0.6,
this corresponds to the small difference of 0™17 between the absorption values C (- 90°) and C (—90°). Curve
IV cannot be combined with the right part of curve ITI. Thus it can be concluded that in the present material
no appreciable difference between the twd'galactic hemispheres can be found. _ .

In order to make a complete solution of the absorption problem possible, the average value of the factor
f must be known. If the density in space of the galaxies is constant within the solid angle considered, the factor f
gets the value of +- 0.6, and from formula (70) we get the absorption value C (90°) = 170. In Chapter VIII,
where the spatial arrangement of the galaxies was investigated, it has, however, been shown that within the
nearer Metagalaxy the density decreases when the distance becomes larger. From Fig. 20 an average value of
-+ 0.45 is obtained for the factor f. Thus the total general absorption in the direction of the galactic poles gets
the value of 1.3 photographic magnitudes. This absorption value is a very large one, and thus the results obtained
here do not agree well with the investigations by vax pr Kamp and HuesLE mentioned above.

1 See Chapter VIII
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Fig. 32.

Galactic absorption phenomena along the metagalactic equator,

In all investigations of the galactic absorption effects that start from the apparent distribution of the ana-
galactic objects, certain assumptions must be made concerning the distribution in space of the galaxies. In
the above discussions only some selected areas of the sky have been considered in order to make these assump-
tions as simple as possible. This procedure, however, involves one disadvantage. The number of objects becomes
highly reduced, and the accidental groupings of the galaxies will influence the results in a high degree. Here
we may refer to results obtained by H. SHAPLEY! in an investigation of the apparent distribution of galaxies
on Harvard plates. Although the plates have a very faint limiting magnitude, the deviations in the numbers
of galaxies from field to field are very great. SHAPLEY states that perhaps no conclusion should be drawn con-
cerning the dependence of the apparent density of the galaxies on the galactic latitude.

In conclusion we ought to mention another source of error that may be of great importance. The galaxies
situated in low galactic latitudes are subject to great galactic absorption effects. Consequently their apparent
surface brightness is highly reduced, and the faint outer parts of the objects will not appear on the photo-

! Harvard Repr 90 = Wash Nat Ac Proc 19, p. 389 (1933).
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graphic plate, Hence the observed magnitudes of these objects may be systematically too faint, and con-
sequently not directly comparable with the magnitudes of the objects situated in high latitudes. In Chapter V
of this paper some effects of this nature were discussed. It was shown' that, when the Harvard magnitudes
change from 1370 to 1670, the corrected magnitudes given in the present catalogue change from about 1370 to
about 15™0. If in this case too, we assume that the true variation in the magnitude values for different
galactic latitudes amounts to only two thirds of the observed variation, the absorption values obtained above
are to be multiplied with the factor ?/s. In this way we obtain a value of half the optical thickness, €' (90°),
amounting to 0.8 & 0.9 photographic magnitudes. It may, however, be pointed out that it is difficult to find
reliable values of the above corrections. Thus, the value of ?/s assumed above should not be considered a defi-

nite one.

CHAPTER XI

ORIENTATION AND ABSOLUTE DIMENSIONS OF THE ORBITS OF
DOUBLE GALAXIES

58. In this chapter some investigations will be made into the orientation of the orbital planes of double
galaxies. We must assume that, in analogy with binary stars, the two components of a double anagalactic system
move in elliptical or circular orbits around the centre of gravity of the system. Starting from the apparent
distances between the components, or the apparent orbital radii, we will try to determine the distribution, or
the ellipsoid, of the corresponding absolute distances, which will be called the absolute orbital radii. By the
aid of this distribution the orientation and the absolute dimensions of the orbits will be discussed.

The double galaxies form a part of the large cosmical unit, which by Kxur LuNDMARK has been called
the metagalactic system. The existence of such a system was already suggested in 1908 by C. V. L. CHARLIER®
who discussed how an infinite ‘world may be built up by means of systems of different orders. LuNDMARK®
has discussed the properties of this metagalactic system in several papers. Among other things he has proved
that the galaxies are concentrated towards a great circle on the sky, the metagalactic equator. In this we have
an indication that the system of galaxies has a flattened shape. Of course, the investigations are complicated
by the large absorption effects produced by the dark matter within our own galactic system. It may also be
mentioned that we can probably not reach the boundaries of the large system of galaxies. In fact it is an open
question whether the observed system is merely a gigantic cluster within a much larger system or not. This,
however, does not influence the investigations to be made here. Until further ev1dence is forthoommg we may
consider the observed metagalactm system as a limited unit. ‘

Using all available material LuNDMARK has been able to determine the situation of the poles of the meta-
galactio system. The methods employed by him are similar to those used for the determination of the galac-
tic poles. By the extreme courtesy of Dr. LUNDMARE, gome preliminary values can be given here. They ap-
pear in Table 17.

' Of. Fig. 10, ? Lund Medd I, No 38 (1908). Compare also Lund Medd I, No 98 (1922).
 Upsala Medd 30 (1927), Lund Cire 9 (1934) and unpublished papers,
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Table 17.
The poles of the metagalactic system according to Knut Lundmark.
: Northern pole Number of
Material .
1 b objects
Shapley-Ames’s BUIVEY . . . . . . . . . . . . e . .. . .. 73° +11° 1249
(Harvard Ann 88, No 2)
All NGC-objeets . . . . . . . . . . . oL 104 +15 7527
(known clusters and gaseous and planetary nebulae excluded)
All NGC- and IC-objects . . . . . . . . . « « « v o o « o 116 4+ 5 12308
(known clusters and gaseous and planetary nebulae excluded)
Metagalactic clusters . . . . . . . . . . .. ... ... . .| T0I +21 325
Hubble’s material . . . . . . . . . . . .. ... ... 89 +45 44000:
(Mt Wilson Contr 485)
Mayall’'s material . . . . . . . . . . ... 0. e 96 +39 15000:
(Lick Bull 458)

The poles given in the above table are generally situated not far from the Milky Way, and thus the metagalactic
equator passes near the galactic poles. The poles obtained from HuBBLE’s and MAYALL’s surveys deviate to
some extent from the other ones. These deviations can possibly be explained through the fact that these sur-
veys also contain very faint galaxies. At the end of this paper (Fig. 35) a diagram is given for the determination
of metagalactic co-ordinates. This diagram is founded on the first pole given in the table. The SHAPLEY-AMES
survey probably furnishes the most homogeneous material representing the whole sky.

If the large system of galaxies has a very flattened shape, we may very well assume that, on an average,
the orbital planes of double galaxies are parallel to the metagalactic plane. In this case, then, the individual
galaxies must move approximately parallel to the principal plane of the metagalactic system and, since the double
galaxies are very probably formed through captures!, a parallelism of the above kind may be the result. The
flattening of the distribution, or the ellipsoid, of the absolute orbital radii must, however, be related to the flat-
tening of the metagalactic system. If this latter becomes smaller, the former distribution will probably change
rapidly into a globular one, and the parallelism in question disappears. We do not know much about the flatten-
ing of the metagalactic system. The results obtained in the present investigation will, however, give some in-
dications concerning this problem.

Some investigations have been made earlier into problems similar to those considered here. Thus the
orientation of the spiral planes has been discussed by H. Kxox Suaw?, B. Meyermany®, C. C. L. GrREGORY*
and K. Luxomark.® No definite results have, however, been obtained. Several papers have been published
on the orbital planes of visual binary stars. Thus J. M. Poor® discusses the orientation of these planes. The results
obtained by him show that the planes are not parallel to the galactic plane. On the whole they are situated at
right angles to the direction of vertex. The material available has now grown considerably, and some new de-
terminations are being worked out at the Lund Observatory.

1 Cf, Chapter XII. 2 MN 69, p. 72 (1908). 3 AN 219, p. 131 (1923). ¢ MN 84, p. 456 (1924).
5 Upsala Medd 30 (1927). ¢ AJ 28, p. 145 (1914).
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B9. After these introductory remarks we will pass on to the determination of the distribution of the
absolute orbital radii. This radius is the absolute distance in space between the two galaxies in the double system,
and it will be divided into the three components X, ¥ and Z. One of the galaxies, arbitrarily selected, may be
considered as origin. The components X and Y may provisionally be assumed to be situated in the celestial
plane. Then, the following relations are valid between the above absolute components and the apparent ones,
x and y, that have been observed:

z=—X
(71)
1

Here r denotes the distance to the system, and the z-axis and the X-axis have been assumed to correspond to
one another and, in the same way, the y-axis and the Y-axis.

The problem of determining the distribution of the absolute components X, ¥ and Z by means of the ob-
gerved distributions of z and y is principally identical with the problem of determining the space velocity distribu-
tion for stars by means of the observed peculiar motions. Thus the absolute orbital radius is compared with
the absolute space velocity. Before entering upon further details, we will, however, discuss the material to be
used in the present investigation.

Not only the double objects in the present catalogue but also some multiple systems have been included
in the following computations. Concerning multiple objects the rule has been observed that one of the com-
ponents shall be prevalent in regard to brightness. We have considered 172 as the minimum value of the magnitude
difference between this component and the next one. The orbital radii have then been measured between the
bright component and the faint ones, which can be assumed to move around the bright galaxy approximately
independent of one another. The number of multiple systems included in this-way is, however, small.

All systems, where the following condition is not fulfilled, have been omitted:

9
a; + ag =2

This condition has been discussed in Chapter II, and it implies that the apparent distance between the com-
ponents must not be larger than twice the sum of the corresponding major diameters.

Another selection has been made with regard to the apparent magnitude of the objects. All galaxies brighter
than 1370 have been omitted. The magnitude values given in the present catalogue have been used for this
selection. Concerning these bright galaxies the apparent distances z and y generally have very large values, and
they exercise too large an influence upon the corresponding distributions. This exclusion is also justified with
a view to possibly occurring optical systems. These must be more frequent in the bright magnitude classes.
By the latter exclusion, which is the most important one, 20 % of the number of systems is omitted.

The number of the remaining apparent orbital radii amounts to 570. The distributions of the apparent
distances « and y can now be computed. The sky is divided into 48 squares 4, — 4,, B, — B,,, C; — Cy,,
D, — D,,, B, — E,y, F,— F, according to C.V. L. CuARLIER.! In this case the squares have been referred
to the equatorial system, and the quantities  and y have been taken equal to 4« cos d and 4 d respectively.
These co-ordinate differences are given in the catalogue. o

! Cf. The motion and the distribution of the stars, Berkeley, California (1926).
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Table 18.

The moments of the apparent orbital radii.

Square N ¥ 200 Yo20 Y110 Square N V200 Yo20 Yiro
A 1 3 Cc 7 79 1.35 1.37 —o0.02
2 7 2.45 1.76 —0.69 8 78 1,31 0.91 —0.18
B 1 4 9 II 1.80 0.34 0.00
2 1 10 I
3 o 11 3
4 16 1.48 1,09 —0.49 12 18 3.75 1.02 +0.38
5 47 1.94 0.93 —0.13 D 1 24 1.82 1.26 +0.33
"6 63 2.05 1.73 +0.14 2 8 3.94 3.67 —1.I4
7 36 0.90 1.76 +0.26 3 8 0.64 0.32 —0.05
8 1.49 0.66 +o0.23 4 I
‘9 ' 5 2
10 6 6 0.99 0.89 +0.32
C 1 13 I.31 1.31 +0.34 7 21 1.31 3.08 -+o0.05
2 o 8 7 2,19 3.44 +0.08
3 9 o
4 5 10 o
5 21 ' .12 - 1.03 -+0.16 11 5
6 60 I.50 1.04 --0.02 12 7 1.71 1.96 —o0,21
Total 201 Total 299

Within each square the following moments have been computed:

Yoo == &
(72) Yogo = ?
VYo = @ .

It should be remarked that, according to the definitions, & = y = 0. The numerical results are given in Table
18. Here IV denotes the number of orbital radii, and for the moments one minute of arc has been used as unit.
The moments are not given for those squares, where the number N is equal to or smaller than five.

Now the moments of the distribution of X, ¥ and Z can be computed. The moment (X? ¥7 Z*) will be
denoted by N, s We assume that the co-ordinate system X, Y, Z is defined in such a way that the X-axis points
towards the vernal equinox, and that the X Y -plane coincides with the equator plane. Then, according to CHAR-
LIER, the following transformations can be made:

" 12—37622,
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”200'1_% =yt Nago + 721 Nogo + 731~ Nooa + 2781 %81 Nows + 281 %11 Niog + 2911 701 Nixo

(78) 1'020'3% = ¢12 Nyoo + 722+ Nogo + 732 Noos T 2 a8 ¥se - Mot + 2 ¥ea V19 - Nior + 2 13 ¥as» Nigo
"no"—;c‘ = Y1712 Naoo + 721722 Noso + Y1 768 Noos + (ar s + 721 ¥a2)» Now + (a1 712 + 711 750) - Nyox +

+ (711722 + 721 718) Ny
In the above equations a reduction factor £ has been introduced, corresponding to a transformation of the

. . 1 . . .
observed moments from minutes of arc into radians. The mean value (F)’ where 7 is the distance of the objects,

has been denoted by &,. The quantities y;; are the direction cosines for the different squares. They have been
tabulated by CHARLIER for the centres of the squares, and in this investigation we have used these values, al-
though the objects are not always symmetrically distributed within the areas. The small errors caused by this
will be of no importance.

Now the moments N, can be derived by means of a least squares solution. From the different areas
we obtain 60 equations of the types given in formula (73). Every equation is given a weight inversely propor-
tional to the square of the mean error of the left member. In this way the following numerical values, with
mean errors, are obtained:

P

.Ngoo'_]c‘ = - 1.46 i 0.25 Noll ‘ k = - 0.04: i 0.09
19'2 19‘2 ‘
(74) Moo 2t = + 140 + 0.14 N2t = +002 £ 013
'9'9 ‘92
Noog'7 = + 0.76 + 0.10 Nno'?cf = + 0.14 + 0.13.

The co-ordinate system will now be turned in such a W“ay that the correlation moments disappear. The
dispersions oy, g, and g, along the new axes can, in accordance with well known transformations, be obtained
by solving the following equation of the third degree:

(75) =f(t)=|+146 —t +014, + 0.02
4+ 014, -+ 140 —¢ —0.04
+002, —004 +0.76—1

Thus we obtain the fbllowing final dispersion values, with mean errors. The equatorial co-ordinates of
the corresponding axes are denoted by e and d.

o, = (1.256 + 0.10). Vk/y, @, = 920° 8 = + 1°
(76) o, = (1.14 £ 0.06). Vk/9, @, = 809° 4, =+ 5°
o, = (0.87 £ 0.06). V'%/s, ay = 27° 3y = + 84°,
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"" Since the turning of the system of co-ordinates has been comparatively small, the above mean errors have been

gi' directly computed from the mean errors of the corresponding moments ¥,,,.

In this way we find that the distribution of the absolute orbital radii has an ellipsoidal form, The smallest
axis is directed towards the following point:

[ o 21° l
() 16 =+84 { b

Here ! and b denote the galactic co-ordinates. The difference between the smallest dispersion and any one of
the other two is larger than three times the corresponding mean errors. Thus the flattening of the distribution
very probably is not caused by accidentality.

60. The pole obtained above is in excellent agreement with the poles determined by LuNDMARK
for the metagalactic system. These poles have previously been given in Table 17. Thus we arrive at the very
probable conclusion that, on an average, the orbital planes of double galaxies are parallel to the metagalactic
plane. In accordance with the introductory discussions given above, the results obtained here indicate that
the large system of galaxies is a relatively oblate one. In any case, we are able to explain the parallelism found
above by starting from this assumption.

The galactic latitude of the above pole is somewhat larger than the latitudes of the poles obtained by
LuxpMARK. Such a deviation can easily be explained. The apparent distribution of the galaxies in the sky is
much influenced by the galactic absorption effects in low latitudes. On account of this the corresponding poles
are perhaps displaced in the direction of the Milky Way.

The dispersion ¢; comes out somewhat larger than the dispersion ;. The difference is not larger than the
corresponding mean error, and thus it is not necessarily a real effect. Two other explanations can, however, be
advanced. The axis corresponding to the largest dispersion value points approximately towards the large clus-
terings of galaxies in the north galactic hemisphere. The gravitational effects produced by these objects may

cause an elongation of the orbits in this direction. The third way of explaining the elongation will be discussed
below.
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+ 22°.

I
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I

Concerning the oblate distribution of the orbital radii, some systematic errors, which perhaps will influence
the results, must be taken into consideration. In formula (76) the dispersion values have been expressed
with the quantity VE/—,% as a unit. It may be that the average value 9, is not the same for the three dispersions.
The value of g; is mainly obtained from those double systems that are situated at small declinations, since the
corresponding axis points approximately towards the North Celestial Pole. Concerning the dispersions ¢; and a,,,
the double systems situated at large declinations will influence the values too.

In a given solid angle the average value 9 is dependent on the limiting magnitude of the plates used and
on the general galactic absorption. These two things, together with the absolute brightness of the galaxies,
determine how far we reach into space. If a general absorption is to be found in the metagalactic space, we will
assume that it has the same value everywhere.

If we assume the density function of the galaxies to have the same form everywhere within the solid angles
considered, the values of 9, that correspond to different solid angles can be compared by means of the above
limiting distances. In Chapter VIII, where the spatial arrangement of the galaxies was investigated, it was
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shown that, in the direction of the North Galactic Pole, the density function of the double galaxies is probably
constant unless the nearest space is considered. In the other directions we do not know the density function.
In order to make possible an investigation of the systematic effects considered here we will, however, also
assume a constant value of the density function in these latter directions. It ought to be pointed out that most of
the double and multiple objects given in the present catalogue are situated in the north galactic hemisphere.
Now we will refer to Table 19, where some numerical values are given. In four different declination inter-

vals the total number of double and multiple systems (X), the average numerical value of the galactic latitude
(]8]), and the average limiting magnitude of the plates used (m2;) have been computed. The declination intervals
correspond to CHARLIER’s squares. Within the two most im-

portant intervals § = 0°— + 30° and 6 = + 30° — + 67° the

Average galactic latitude of the objects and  gyerage values of the latitude and of the limiting magnitude
average limiting magnitude of the plates.

Table 19.

are practically identical. Thus the average limiting distance,

— _ and according to the above assumption the quantity ,, too,
¢ N 1ol ™ must have about the same values within these two groups. In
. the two other areas small deviations occur. They probably

—30° — o° 129 52.°9 16™m2 . . k
o — 430 ax 0. 7 6. 6 have no great influence, since the number N here is small. In
430 — +67 275 5. 6 16. 6 the interval d = — 30° — 0°, the deviations of [5] and m, are,
+67 — 490 12 433 16. 6 in fact, such that they will give the dispersion g, a value that

is too large.

Thus we cannot explain the difference between the dispersion ¢; and the dispersions o, and g, by assuming
variations in the average value J,. The difference between the two dispersions ¢, and o, can, however, be ex-
plained in this way. The axis 1 has a numerically larger galactic latitude (b = -+ 51°) than the axis 2 (b = — 23°).
Consequently the dispersion o, is more dependent than the dispersion g, on the objects situated in low galactic
latitudes, and the corresponding value of 4, then becomes larger.

In the present investigation systematic errors of another kind will also occur. If the two components of
a double system are situated very close together, it is generally very difficult to decide whether the system is a
double one or not. Small values of the apparent distances # and y thus are underrepresented in the material.
This clearly appears when we investigate the distribution of all the numerical values of « and y. This distribu-
tion is given in Fig. 33. The different class frequencies have been smoothed by a curve, which fairly well agrees
with a normal error curve.

The class frequency corresponding to the values of z or y equal to 0.0 — 0'.2 is too small. This will cause
the dispersion of the distribution to assume too large a value. The observed dispersion amounts to 1'.22 + 0'.03.
If, in the above class, the observed frequency is replaced by the frequency given by the smoothed curve, the
dispersion gets the value 1’.18 + 0'.02.

Thus the above systematic effects will influence the final dispersions a,, o, and g; in such a way that some-
what too large values are obtained. The errors introduced are, however, very small, and they may be neglected.

61. The three final dispersions ¢;, 6, and d; have been expressed with the quantity V?/;;; as a unit.
Here k is a constant and &, denotes the average value (71,) If the value of ¢ can be found, the three dispersions
can be given in absolute units.
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S . .
i If, in the solid angle w, the
,'55 density function is denoted by N
S D (r), &, can be expressed in the A
following way: 3001

T2
f:—z-wrzD(r)dr
\9'2 =0 Py .

fwr”])(r) dr

1

(18) 200-

Here 7, and 7, denote the distan- 100
ces between which the objects in
question are situated. If we as-
sume that the density function
has a constant value, the follow- 0
ing expression is obtained:

F—— Fig. 33.
(79) G =3 i “h e .
r, — 1 _ Distribution of the apparent distances z and y.

Now we will try to determine the distances r, and r, by means of the corresponding apparent magnitudes
m, and m,. The material given in the present catalogue seems to be complete down to the apparent magnitude
1475. It is, of course, difficult to find an ‘“‘effective’ limiting magnitude corresponding to the material used
in the present investigation. It seems, however, justified to assume a value of 15'0. We beg to refer to Table 9
(Chapter VIII), where the distribution of the magnitudes is given. Thus we have:

my = 1570.

The average values of the distances 7, and 7, can now be determined by means of the same procedure that
was used in determining the spatial arrangement of the galaxies. ‘We beg to refer to Fig. 23 (Chapter VIII),
where the transformation of the apparent magnitude into the distance is illustrated.

Now the absolute values of the dispersions can be given. Two sets of values are computed, correspdnding
to an average absolute magnitude of the galaxies equal to — 140 and to — 150 respectively. In these values
the galactic absorption effects are, however, to be included.

M = — 1470: M= —15"0:
o, = 2.2.10° parsecs g, = 8.5.10° parsecs
6 = 20.10° g = 32.10°
6= 15.10° | 0 = 24.10%
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The absolute distance in space between the components of a double galaxy will now be denoted by 7/

and the corresponding dispersion by g. The dispersion can be expressed in the following way:
(80) ¢\ = o} + o} + al.

In Fig. 34 (left curve) the distribution of 7/, expressed in parsecs, has been given in the form of a normal error

0..30{l W(,.'_o,,,z./oé)’(r#a“_ms)

0..20j

0-/0:

0"7"0'0 0. 0.2 0.5 0.4 0.5 ‘ 06 10° -

Fig. 34.

The distributions of the absolute distances between the components of physical pairs (left curve) and between
igolated galaxies (right curve).

curve. The upperpart of the curve falls, however, outside the frame of the figure. The dispersion g, has been given
the value of 5.3-10° parsecs, which corresponds to # = — 15™0. The class breadth amounts to 40-10° parsecs.

The right curve in the figure is valid for single galaxies. The quantity ' in this case means the absolute
distance from a given galaxy to the nearest one in space. In accordance with the results obtained in the investig-
ations of the spatial arrangement of the galaxies?, the left curve in the figure has been reduced to a number
of individuals equal to 0.22, while the right curve corresponds to the number 0.78. Thus the figure given here
corresponds to Fig. 2 (Chapter II), where the distributions of the corresponding apparent distances are given.

1 See Chapter VIIL
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c

Eé’ The probability W . _o02.100, ¢ + 0.02.10 that the nearest galaxy will be situated within the distances
¢

R (" — 0.02-10°) and (' + 0.02 - 10°) parsecs has been computed in accordance with the derivations given by
E: G. Pérya! This imphies that the space distribution of the galaxies is considered as an accidental one. The aver-
- age value of the space density must be known. From Fig. 24 (curve III) an approximate value of 5.6 - 10~ 18
galaxies per cubic parsec is obtained, and this value is used here.

Several important conclusions can be drawn from the above figure. Thus it is evident that the double
and multiple galaxies form a very distinct group. The area that is common to the two curves given in the figure
is exceedingly small. The average distance between the components of a double system amounts to about 4000
parsecs. The average distance from a certain single galaxy to the nearest one in space is nearly a hundred times
as large. According to the figure this average distance amounts to 310000 parsecs.

CHAPTER XII

FORMATION OF DOUBLE GALAXIES—ESTABLISHMENT OF A
METAGALACTIC TIME-SCALE

62. The problem how to explain the formation of double and multiple galaxies is of very great import-
ance for our conception of the great system of galaxies, the metagalactic system, and of the processes taking
place in it. Two possibilities are given a priori. The double objects may be formed from single galaxies by means
of some processes of splitting. On the other hand, captures may be a common phenomenon among the con-
stituents of the metagalactic system. In the present chapter it will be shown that the latter procedure is probably
for the most part, or entirely, responsible for the formation of double and multiple galaxies. Further, it will
be discussed how the frequencies of these captures may be used as a basis for establishing a metagalactic time-
scale.

In the great similarity between single galaxies and components of double and multiple systems we have
strong evidence that these two classes of objects are of the same nature. Earlier in this paper® we discussed
the types, according to WoLF’s classification, of the galaxies given in this catalogue. 1t was shown that among
the double and multiple objects the same types are to be found as those characteristic of galaxies in general.
Further, it was shown® that double and multiple galaxies agree very well with single objects as regards the
average values and the dispersions of the absolute luminosities and of the absolute dimensions. It was even
indicated that the former objects represent a somewhat larger absolute luminosity and larger dimensions than
the latter. The above observational facts thus suggest that the galaxies, whether they form part of double
or multiple systems or not, are comparable as regards apparent and absolute properties.

From the above discussion it seems very reasonable to assume that the double and multiple galaxies are
formed by captures. Some further evidence will be given below. It will be shown that the relation between
the observed density function of double objects and the same function of galaxies in general is in very good

1 AN 208, p. 175 (1919). ? See Chapter IX. ® See Chapter VII
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agreement with some theoretical expressions derived on the basis of the assumption that double objects are
formed by captures. Thus, the capture theory seems to be able to explain everything that has been observed
concerning the double galaxies. Of course, we should not leave out of account that under certain circumstances
a galaxy may split into two or more separate parts. These cases seem, however, to be of very little statistical
importance.

63. As early as 1922 C. V. L. CHARLIER' made some investigations into the number of encounters taking
place within the system of galaxies. Using a formula of C. MAXwWELL based on the principles of statistical me-
chanics he computed the frequency of “collisions” between galaxies. It was found that approximately one
“collision” takes place per 1000 years. CHARLIER states that this is an unexpectedly high number, but he points
out that on photographic plates he has found many examples of two galaxies being about to enter upon such
‘““collisions”’. We may assume that the latter objects represent objects of the same kind as are here called double
galaxies. CHARLIER does not seem to have drawn the conclusion that the encounters will cause the formation
of double galaxies. Rather he means that the two objects become intermingled with each other and are trans-
formed into a spiral conglomeration. :

Later on K. LunpMARK?® discusses in detail the capture effects to be found within the metagalactic system.
The total number of encounters, or “collisions”, is found to be approximately one per 3500 years. From this
LunpMARk draws the conclusion that we ought to have a great many physically connected double galaxies.
Further, he points out that when two galaxies have formed a physical system, they will then act as a condensa-
tion nucleus attracting new members. In this manner the large clusters of galaxies may be successively built up.
According to LUNDMARK, a metagalactic time-scale may be based on a study of metagalactic clusters. It is
found that the formation of some of the clusters should correspond to an interval of time at most amounting
to 10° years.

64. Now we will take the material given in the present catalogue into consideration. Earlier in this
paper® the density function of double and multiple galaxies was investigated. It was shown that the distribution
in space of these objects is related in a certain manner to the distribution of galaxies in general. Both the dis-
tributions correspond to a local metagalactic cloud. Double galaxies give, however, a smaller and more con-
densated cloud than galaxies in general. We beg to refer to Fig. 24, where the numerical values of the density
functions have been illustrated. By starting from the assumption that double galaxies are formed by captures
we will try to explain the above deviations.

In accordance with the investigations by CHARLIER and LUNDMARK mentioned above, the following for-
mula, first given by C. MAXWELL and later on discussed by CHARLIER!, may be used as a simple starting-point:

(81) N=YV2rdn W.

Here N denotes the number of collisions per unit of space and time for spherical bodies moving with the average
peculiar space velocity W. The diameter of the bodies equals d, and » means the density, or the number of
bodies per unit of space. The formula is founded on the principles of statistical mechanics, and we have assumed
the motions of the bodies to have a random distribution.

According to formula (81) the number of encounters is proportional to the square of the number of bodies

! Lund Medd I, No 98 (1922). * Upsala Medd 30 (1927) and Lund Circ 9 (1934). 3 See Chapter VIII
¢ Lund Medd II, No 18 (1917).
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in a unit of space. Thus, the frequency of encounters is highly dependent on the density function of the objects.
If the formula is to be applied to the system of galaxies, the question arises how to treat a possible expansion
of the universe. The systematic red shifts observed in the spectra of anagalactic objects indicate large velocities
of recession. If this expansion is a real effect, the total number of objects in a unit of space will be dependent
on time, and in the same manner the number of encounters. Thus, such an expansion will in a very high degree
influence the results to be obtained in the present investigation. In order to eliminate these large uncertain
effects and in order to simplify the following derivations, we will in this connection consider the systematic
red shifts in the spectra of the galaxies as an apparent effect. Thus we adopt a system of galaxies that agrees
with CHARLIER’S theory of an infinite universe.

In order to make formula (81) more suitable for the present purpose we may introduce some new deno-
tations. The total number of systems, at the time ¢, in a unit of space situated at the distance r and within a
certain solid angle will be denoted by S (¢, 7). As a system we will here consider a single, a double or a multiple
galaxy. The total number of collisions, or rather encounters, that have taken place within the same unit

of space before the epoch ¢ will be denoted by E (¢, #). In this manner the above formula can be transformed
into the following one:

(82) . Ejy(t,r)dt = f,.(8(t,9)" dt.

Here f;,» is a factor depending on the values of the absolute diameters and of the absolute space velocities to
be found within the unit of space in question at the time #. A small approximation is introduced, since we have
assigned to double and multiple objects the same possibilities of encounters as to single galaxies. As, however,
the former objects must have somewhat smaller space velocities, and since they are comparatively few in number
in comparison with single galaxies, the errors introduced are certain to be small.

We will now define an epoch f, representing the moment when the formation of double galaxies started:

(83) - ' E(ty,7) = 0.

Provisionally we may assume that such an epoch has a real meaning. Anyhow, we will use the quantity ¢, as
a parameter in the following computations.
We now arrive at the following relation:

(84) S (tr 7,') = S(tm 7’) - E(t1 T)'

This formula implies that every encounter passes into a capture. In individual cases, it is of course very diffi-
cult, or perhaps impossible, to decide whether an encounter leads to a capture or no. These effects will to some
extent be discussed below. Here we should only like to point out that the above condition may be fulfilled by
giving the factor f;, a small enough value.

By means of the above transformations we arrive at the following integral equation:

[ Batr)at B ;
N !(S(to,f') — E(¢, 'r))s _tofft.r dat.

In this equation the present moment is denoted by ¢,. If we assume the factor f, , to be independent of time,
13—37522,
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which implies that the conditions, as regards the diameters and the peculiar space velocities of the galaxies,
have remained unchanged during the interval of time in question, we are able to solve the above equation:

1 1 B
S =BG Spn — lerb—b)

(86)

The above formula expresses the relation between the interval of time (f;—%,), during which the double
and multiple galaxies have been formed, and the two density functions S(#,, r) and E(,, r). However, we must
not forget that several assumptions were made above. Among other things we have assumed that the peculiar
motions of the galaxies are not directed but have an accidental distribution. Of course, this may be subject
to criticism. Clusters and groupings are very common phenomena within the metagalactic space, and the forma-
tion of these agglomerations will influence the space velocities of the galaxies in a high degree. On the other
hand, it may be pointed out that, according to K. LuNpDMARK!, the metagalactic clusters are formed gradually
through processes of condensation. Thus, the age of these clusters may have a small value in comparison with
the total age of the metagalactic system.

With regard to the assumptions made in the above derivations we should like to introduce the conception
effective age of the metagalactic system to represent the interval of time (f,—¢,) that is defined in formula (86).
This effective age thus corresponds to the interval of time during which the total number of double and multiple
galaxies has been formed, if we assume the motions of the galaxies to have an accidental distribution and if
the general conditions within the metagalactic system have remained unchanged during the time in question.

We may now use the material given in the present catalogue for the application of formula (86). The
two functions S(t,, r) and E (¢, r) can be expressed as follows:

- 8(t,7) = D, () + 2Dy(r) + 3D4(r) + --- = D(r)
E(t,,r) = Dy(r) + 2Dy(r) + 3D, (r) + --- 2 1/2 (2 Dy(r) + 3Dy (r) + )

Here D,(r) denotes the observed density function as regards multiple systems with » components, i. e. the
present number of these systems per unit of space. The ordinary density function is denoted by D(r). The
approximation introduced in the second expression is of no great importance, since the number of triple systems
is small in comparison with the number of double systems. The number of systems with more than three com-
ponents is still smaller. In Chapter VIII of this paper the functions D(r) and (2 D, (r) + 3D, (r) + )
have been determined. Some illustrations were given in Fig. 24. Thus, it is possible for us to obtain some
numerical values of the functions S(¢,, ) and E (¢, ).

In Table 20 the resulting values of the quantity fi, » (,,—t,) have been given. In the first column we have
the distance, expressed in parsecs, towards the North Galactic Pole. This distance, r, is the same as that given
in Fig. 24. It is very remarkable that the values given in the second column are practically the same, although,
according to Fig. 24, the values of the density functions change considerably within the same distance interval.
Thus, the density functions become 2.5 and 4.5 times smaller resp., when the distance changes from 1.5 . 10°
to 4.5.10% parsecs. If the value of the factor f;, , can be considered as constant within the distance interval
in question, the values of the above table give strong support to the correctness of the assumptions hitherto

! Lund Circ 9 (1934).
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made. Since the distance interval is comparatively small it seems justified to assign a constant value to the
factor fi,». This question will, however, be somewhat discussed below.

Before proceeding further we will once more go back to Fig. 24. In this figure the full curve I gives the
density function of double and multiple galaxies while the full curve II corresponds to the observed density
function of galaxies in general. Since the latter curve was obtained by means
of the SHAPLEY-AMES survey, it only corresponds to galaxies brighter than 1370.
By means of curve I and by means of the assumption that the average value of Numerical values of the

Table 20.

the factor f, , given in Table 20 is valid also for larger distances, we obtain the quantity f,, . (¢ —to)-
dotted curve III as a continuation of curve II. When further observational |

data become accessible, it will be possible to decide whether the extrapolated r So,r (b= )
piece of curve has a real meaning or no.

65. In order to obtain a numerical value of the effective age, (¢,—t,), of the 1.5 10° 2.3+ 10"
metagalactic system, we must try to determine an average value of the factor 2.5 10° 2210
f, , This quantity may be expressed in the following way: 35° I°: zor I°:z

1 ) 4.5 * 10 2.5 10
(88) fror = V'2_n PPw. Mean value 2.25 - 10'®

In this expression the diameter of the objects has been replaced by the absolute distance P. This distance may
be defined in such a way that, on an average, an encounter results in a capture only when the two objects pass
one another closer than the distance P. Of course, this distance depends on the type of the objects and on their
space velocities. Yet it may be possible to determine an average value. Properly, we ought to distinguish between
the real distance between the components at the closest approach, and the corresponding distance that is ob-
tained if the gravitational forces between the two objects are neglected. The latter distance should be used
in the above formula. In this case the difference between these two distances is, however, small. The denotation
W, used in the above formula, still refers to the average peculiar space velocity of the galaxies.

We may first take the a,verageb space velocity into consideration. This velocity can be determined by
means of the observed radial motions of the galaxies. The peculiar radial velocities are obtained from the spectral
shifts corrected for the systematic red shift depending on the distance. In a recently published paper E. P.
HusBLE' made a detailed investigation of the peculiar radial motions of the galaxies. It was found that the
dispersion among these velocities amounts to about 200 km/sec. This value is, however, valid only for galaxies
in the general field. As regards members of the Virgo cluster, HuBBLE points out that we may perhaps assume
a value three times as large. This is very remarkable, since we should expect these objects to have smaller
peculiar motions. If we assume the peculiar velocities to be distributed at random, the above value of 200
km/sec corresponds to an average space velocity of 320 km/sec.

In this connection it may be remarked that there are some indications that the peculiar radial velocities
of the galaxies are dependent on the distance. Thus, J. H. Oort® pointed out that the velocities seem to be
somewhat larger for galaxies fainter than the 12th or 13th visual magnitude. He suggested that this could be
explained by assuming the existence of a large, local cloud of galaxies. The members of this cloud might have
smaller peculiar velocities than the outside galaxies. Here we will not take possible deviations of the above

1 Mt Wilson Contr 549 = ApJ 84, p. 270 (1936). 2 BAN 6, p. 155 (1931).
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kind into consideration, since, in the present investigation, only galaxies brighter than the 13th photographic
magnitude are included.

At this place we may also devote some attention to the question of the equipartition of energy within
the system of galaxies. If an equipartition exists, the velocity of an object will depend on its mass. This problem
was discussed in Chapter VII of this paper in connection with some other statistical investigations into double
galaxies. It was found that, at the present moment, no definite answer could be given to the question whether
an equipartition has taken place or no. Anyhow, we may assume that, originally, the velocities of the objects
were independent of their masses.

We will now pass on to a discussion of the value to be assumed of the distance P. The investigation of the
absolute dimensions of the orbits of double galaxies' showed that the average distance between the components
of a double system amounts to about 4000 parsecs. If we start from this value it is possible to determine the
approximate size of the distance P. Since P means the distance between the components at the moment when
the capture takes place, and since the orbits of double galaxies must be assumed to be more or less elongaﬁed,
the value of P must be smaller than 4000 parsecs. If we assume that the eccentricity of the orbits on an average
amounts to /2, it seems justified to adopt a value of 2000 parsecs to represent an approximate value of the
distance P. If the diameter of the galaxies amounts to 2000 parsecs, every encounter that takes place according
to the above definition will cause the objects to come into contact with one another.

66. TUp till now we have not taken into consideration the effects that cause an encounter to become a
capture. If the galaxies behave like rigid bodies no capture can take place. Each of the two objects will describe
a hyperbolic orbit about the centre of gravity of the two. The eccentricity of this orbit will depend on the
masses and the velocities of the objects and on the closeness of the approach. However, we must assume that
large disturbing tidal forces are active between the galaxies at the moment of closest approach. These tidal
phenomena may cause the hyperbolic orbit to change into an elliptic one. As our knowledge of the masses
of the galaxies and of the distribution of matter within them is very small, it is difficult to decide whether a
certain encounter will pass into a capture or no.

In Table 21 some values are given of the total angle of deflection® of either orbit caused by the encounter,

Table 21.
Total angle of deflection of either orbit corresponding to different values of masses and of relative space velocities.
\\ -
N 10%® 5108 10° 5-10° 10" 5+ 10" o't 510"
aw \
100 km/sec|  4°9 24° 46° 130° 154° 175° 177° 179°
200 1.2 6.1 12 56 94 159 169 178
300 0.6 2.9 5.5 . 27 51 134 156 175
400 0.3 1.5 3.1 15 30 107 139 171
500 0.2 1.0 2.0 9.8 19 81 120 167
600 0.1 0.7 1.4 6.8 14 62 100 161
! See Chapter XI. 2 These values have been computed by means of some formulae given by J. H. JEANS, Astronomy

and Cosmogony, Cambridge (1928).
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if we assume the two galaxies to behave like rigid bodies, These values have been computed for different values
of the mass, M, of the galaxies and for different values of the relative space velocity, # W, It has been assumed
that the masses of the two galaxies have the same size, and that the smallest distance (if gravitation is neglected)
between the objects amounts to 2000 parsecs, or the same value that was assumed above for the quantity P.
From the table it immediately appears how large deflections can be obtained. The value of the deflection mainly
depends on the masses of the galaxies. If the mass value is not too small, a deflection angle of ninety degrees,
or more, is easily obtainable. Thus it is not surprising that the additional tidal forces should effect a capture.

Concerning the mass values given in the table some remarks may be given. Our knowledge as regards
average masses of the anagalactic objects is comparatively small. It is, however, possible to give some approxi-
mate values. The mass of our own galaxy can be determined by means of the observed galactic rotation effects.
Thus, B. LinpBrAD! has derived a value of 1.6 - 10! ®. In a recently published paper, L. BERMAN® investigated
the galactic rotation from the data of the planetary nebulae and found a value of 2.3 - 10! ®. For other galaxies

the mass values can be determined by means of the observed radial velocities. Thus K. LuxomMaRK® has made
use of some determinations of spectroscopic rotation.

TFor four galaxies an average mass value of about
10 ® was obtained. The individual values range,

_ ‘ Table 22.
Radial velocities of double and multiple galaxies.

. 9 . 11 .
however, from 1.8-10°0 to. 7.6 101 ©. Further. S. No NGO v v
Smrta* used the observed radial velocities to determine
the masses of the members of the Virgo cluster and e/
1 -
found an average value of 2- 10'* ©. By means of the e 24 220 THBee
L . . b 221 — 185 35 km/sec
mass-luminosity relation, E. P. HussLe® has obtained o 205 — 300 8o
a mean mass of the galaxies amounting to about 10° ©.
. . . . 212 & 3379 + 810
This value is founded on an average absolute magnitude b 3384 + 850 20
_q4M " S ]
of. . 1475, By. ta,].gmg thg. large. absorption effec.ts 246 a 3627 650
within the galaxies into consideration and by assuming b 3623 + 800 75
a brighter absolute magnitude it seems, however, pos-
. . . . 397 & 4382 + 500
sible to increase this value considerably. b 4394 + 850 175
At this point it may be remarked that it is possible
R 413 a 4472 + 850
to derive an average mass value by means of the double o 4467 + 1600 375
galaxies given in the presgnt fza,talogufa.. Concerning 526 a s104 + 270
some of the double systems, radial velocities have been b 5105 + 300 15
measured for both components. Assuming the two gal-
. . o e . . 719 & 5982 + 2900
axies to move in elliptic or circular orbits around the b 5085 +2600 150
centre of gravity we are in this case able to determine V' = 116 km/scc

an average mass value. In Table 22 some numerical
values are given. Here No denotes the number of the present catalogue and V means the radial velocity as
determined by M. L. Humasox and 8. Smrre’ at Mt Wilson. Only such systems as are given in the present

1 Handbuch der Astrophysik, Band V:2, p. 1088 (1933). ? Lick Bull 486 (1937). % Upsala Medd 40 (1928).

4 Mt Wilson Contr 532 = ApJ 83, p. 23 (1936). ® Mt Wilson Contr 485 = ApJ 79, p. 8 (1034), 8 Of. Chapter X.

" 0f. Handbuch der Astrophysik, Band VII, p. 553 (1936). The values given for NGC 5194, 5195 have, however, been
determined by V. M. Suremmr. Of. Pop Astr 30, p. 9 (1922)

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1937AnLun...6....1H

102 FORMATION OF DOUBLE GALAXIES—ESTABLISHMENT OF A METAGALACTIC TIME-SCALE

catalogue are included in the table. It is true that it is possible to increase the material by including
other systems. However, these systems do not in general fulfil the definition of a double galaxy used in
the present paper, and thus we have preferred not to take them into consideration here. Some of the
double galaxies given in Table 22 form in fact part of multiple systems. The objects given in the table are,
however, always the two brightest components and we may assume that their masses are large in comparison
with the masses of the other components. Thus, the disturbances produced by the faint components will be
neglected, and we have only to solve a problem of two bodies. As regards system No 413, it seems probable
that component ¢ is brighter than component b, especially when we take the magnitude values obtained in the
Harvard surveys into consideration. Concerning the Andromeda galaxy, we may assume that the elliptical com-
ponents move around the principal object approximately independently of one another.

In the last column of the above table the numerical value of the radial velocity ¥’, measured relative to
the centre of gravity of the system, is given. In the computation of this velocity it has been assumed that the
masses of the components of the double galaxy have the same value. As regards system No 17 we have,
however, assumed that the centre of gravity is situated within the principal component, the Andromeda galaxy.
It appears that the average value of the above velocity amounts to 116 km/sec.

Between the velocity V' and the orbital velocity, v, of the components of the double galaxy the following
average relation is valid:

(89) V' = v-cos § cos .

In this equation ¢ is the angle between the orbital radius and the line of intersection between the orbital
and the celestial plane. The angle between the line of sight and the normal of the orbital plane amounts to
(90°—). If we assume a random distribution the average values of these angles can be expressed as follows:

n/2 /2

fcosq; de fcosszpd'tp
— 2 — 7
(90) COS¢=9'—;T2——‘———=; cosw:‘—’—ﬂﬂ—————:zl_.
do fcos’tpdt//
0 0

By starting from the average value of the orbital velocity obtained above we are now able to derive an
average mass value. In Chapter XI it was found that the average distance between the components of double
galaxies amounts to about 4000 parsecs. If the orbits are assumed to be circular we now arrive at the following
value:

Average mass of the galaxies = 1.0 . 10" ©.

By means of the double galaxies we have thus obtained a mass value that is in very good agreement with
the values earlier derived. Of course the above value may be affected with some uncertainty because of the
assumptions made. The material is still too small to permit a thorough statistical investigation. It may,
however, be pointed out that in the present state of our knowledge of radial velocities and internal motions
of the galaxies every attempt to determine the masses of these objects must be based on certain assumptions.
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67. After this digression on the masses of the galaxies, we will pass on to the final determination
of the interval of time (#;,—,) that was termed the effective age of the metagalactic system. If we give P the
value of 2000 parsecs, and if the average peculiar space velocity is given the value of 320 km/sec, we obtain
the following numerical value:

Effective age of the metagalactic system = 4- 10" years.

It may be pointed out that the mean value given in Table 20 and the relation given in formula (88) have been
used for the derivation of the above value.

Thus, we have obtained a numerical expression of the interval of time that corresponds to the formation
of the total number of double galaxies, if certain conditions, discussed above, are assumed to obtain. It must,
however, be pointed out that the numerical values used in the above formulae and derivations cannot be con-
sidered definitive, and that uncertainties in these values will cause errors in the final time-scale. The values
given in Table 20 imply an average absolute (photographic) magnitude of the galaxies of —15M0, since the
density functions have been computed by starting from this value. If the average absolute magnitude is changed
by half a magnitude, the above values of the density functions are to be multiplied or divided by the factor 2.00.
On the other hand, the absolute distance P is, in this case, to be changed by a factor 1.26. In this manner the
interval of time (#,-—f,) will be changed by a factor 2.52. Further, the interval of time is inversely proportional
to the value assumed of the average space velocity of the galaxies.

For these reasons the final value of 4 - 10'? years may be affected with some uncertainty. It is a matter
of course that no very exact determination of the effective age of the system of galaxies can be made in the
present state of our knowledge of the internal conditions within this system. We may, however, conclude that
the value obtained is probably of the true order of size, and we hope that it can be used as a basis for further
investigations into the metagalactic time-scale.
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Fig. 37.
Equatorial distribution of the plates used for the present investigation.
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Fig. 39
Equatorial distribution of the plates used for the present investigation.
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Fig. 40
Equatorial distribution of the plates used for the present investigation.
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Equatorial distribution of the plates used for the present investigation.
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& APPENDIX I
LIST OF MAGNITUDES MEASURED IN PHOTOMETER

In the following list are included all the 155 galaxies which have been measured in the Zeiss thermo-
electric photometer of the Heidelberg Observatory. The numbers (No) refer to the catalogue of double and
multiple galaxies. The photometric magnitudes given here are discussed in Chapter V of the present paper.

No m No m No m No m No m

5 a 14%9 123’ b 1573 276 b 14%7 339 ¢ 12%9 398 a 1379
b 15.6 125 a 15. 4 277 a 16.0 346 b 12.8 403 a 8.4
22 8 14.6 b 16.6 b 15.4 348 b 13.7 b 8.4
b 16.3 128 a 13. 4 279 a 15.8 353 b I 1 c 9.6
26" a 13.5 130 a 12.1 b 16. 4 c 12. 5 d 104
b 13.6 b 12.3 280 a 15.3 d 14.0 ° 105
29 a 15.3 e 15.4 b 16.3 360 b 13.8 f 10-3
b 15.6 d 15.7 283 a 16.0 c 14.3 ﬁ 1::

30 a 14.7 132 & 15. 1 b 16. 1 361 a 13.3
b 14.8 b 15.8 308 a 14.1 b 16. 5 405 : 155
33 a 15.4 2II & 14.0 b 13.2 364 a 14.0 . I;;
b 15.8 b 16. 4 c 13.5 b 16.6 o a -
52 a 15.3 c 16. 7 d 15.0 376 a 9.9 4 b 0.4
b 16. 5 214 & 16.2 312 a 12.8 b 10.2 . -

54 a 14.4 b 4.1 b 4.6 381 a 12.6
b 14.1 ¢ 4.6 316 a 15.5 b 13.0 9 z o4
c 15.0 216 a 14.5 b 17.1 385 a 10.3 9-3
65 a 14.5 b 16.0 318 a 12.9 b 15.7 4o 8
b 15.2 220 & 14.3 b 13.1 3 b 10.9 b 10-6
104 a 12.6 b 16.0 ‘319 & 16.8 > c 13:8 oz e e
b 15.4 240 & 9.2 b 16.9 d 13.9 b 13-9
106 a 13.9 b 10.2 322 & 14.5 ® 15.0 493 @ 15-2
b 15.2 12.5 b 16.2 f 14.9 500 & 14.6
113 a 12.9 246’ a 7-9 320 a 15. 5 g 14 9 b 158
b 14.8 b 8.8 b 15.5 391 & 10. 3 sor & 152
114 a 13.3 9-° 332 a 15.2 b 10. 4 b 7-°
b 15.7 252 & 12.9 b 15.7 395 & 15.3 507 & 15.2
115 a 14. 1 b 4.8 336 a 15. 1 b 14.0 b 71
b 15.7 271 & 13.9 b 15.7 16. 1 508 a 15.7
122 & 14.2 b 14.7 339 a 13.4 397 a 6.9 510 & 12.6
b 14.8 276 a 12. 5 b 12,1 b 8.8 511" a 13.6
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APPENDIX II

CATALOGUE OF NUCLEAR MAGNITUDES AND DIMENSIONS

In the following list are included all galaxies having well marked nuclei. The numbers (No) refer to the
catalogue of double and multiple galaxies. The major and the minor diameter of the nucleus are denoted by
a and b resp. They are given in tenths of minutes of arc. The apparent magnitude of the nucleus
is denoted by my, and the apparent total magnitude of the galaxy by m;. The difference between these
two magnitude values has been estimated for all objects given in the present list. The total number of
objects is 236.

No axb Mn—mt No aXxXb Mn—m¢ No aXb Mp—mt No aXb Mp—ms
9 b X1 +0o"6 108 a 3X2 +o™3 215 b 6X3 + o075 285 a 2X2 +1%3
ir b 1.5X1.5 0.5 112’ a 4X4 0.8 218 ¢ 5X4 0.3 285 b 3X3 0.2
17 a | 140X90 1.2 114 a 3X3 0.6 220 a 4X3 0.1 287 a 1.5X1.5 1.0
17 ¢ 16X 11 0.8 115 a 3X3 0.0 224 & 4X4 2.2 288 a 1X1 1.4
21 a 3X3 0.7 123’ a 3X3 0.5 226 a 3X3 0.2 289 b 1.5X1.5 0.3
22 a 4X2 0.3 124 b 5X5 2.3 240 & 6X5 0.1 293 & 3X3 1.5
23 b 3X3 0.1 130 b 4X4 0.8 240 b 4X4 0.0 294 a 2X2 0.5
28 a 4X3 0.1 143 ¢ 5X5 0.1 240’ a 8X8 0.2 300 a 4X4 1.5
29 b 3X3 o.1 144 a 7X4 1.2 240’ b 7X7 0.1 305 a 5X4 1.0
31 a 4X4 0.0 147 & 6X6 0.4 241 & 3X3 1.4 308 b 5X3 0.7
34 a 3X2 1.3 158 a 5X5 0.3 241 b 1X1 2.2 308 ¢ 4X4 0.4
44 b 2X2 0.2 173 & 5X5 0.1 243 a 1.5X1.5 0.0 310 & 4X4 0.0
45 b 6X6 0.1 173 b 5X5 0.5 243 b 1X1 1.2 310 b 3X3 0.0
46 a 11 X2 1.3 175 & 10X 8 0.2 246 a 5X5 2.3 312 a 4X4 0.5
59 b 2X2 0.1 184 a 2X2 0.8 246 b 6X6 1.7 315 & 2X2 0.0
77 a 2X2 0.1 187 a 2X2 0.7 246" a 5X5 1.3 318 a 4X3 0.3
8 b 3X3 0.4 187 b | 1.5X1.5 1.1 246’ b 5X5 1.0 320 a 10X8 0.2
89 a 3X3 0.2 202 b 3X3 0.0 247 & 4X4 1.4 323 a 3X3 0.7
9o a 3X3 1.2 204 & 4X2 0.7 257 ¢ 3X2 0.7 329 a X1 0.2
90 b 3X3 0.3 211 & 2X2 1.2 257 d 3X2 0.8 333 @& 4X4 0.2
94 a 6X6 0.7 212 & 7X7 0.1 258 ¢ 1.5X1.5 0.8 335 a 3X3 0.2
N 96 a 5X2 1.5 212 b 7X7 0.0 259 a 5X5 1.0 337 & 4X4 0.4
97 b 2X2 o.1 212 ¢ 6X3 1.5 270 a 5X3 I.4 340 a 5X5 1.2
99 a 3X3 0.7 212" a 10X 10 0.1 271 b 3X3 0.6 342 a 4X4 2.3
101 a 4X4 1.8 212" b 10X 10 0.1 272 & 4X4 1.2 345 a 5X5 0.6
106 a 3X3 0.3 215 & 3X3 1.5 272 b X1 2.2 345 b 2X2 1.0
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No aXb Mp—mt No axXb Ma—mg No aXb My—me No aXb Mn—1t
345’ a 6X6 +172 406 a 9X9 +o77 478 b 5X5 +o% 623 a 2X2 +o%
348 a 3X3 3.9 406’ a 5X3 1.6 478 a 4X4 0.8 626 a 3X3 0.5
353 & 15X5 1.2 '409 a 19X8 0.5 478 b 3X3 1.0 630 a 5X5 0.3
355 & IX1 0.8 409’ a 10X 10 0.2 483 b 2X2 0.2 633 b 2X2 0.6
355 b IX1 0.7 410 b | 1.5X1.5 0.1 488 a 3X3 0.0 638 b 2X2 0.7
356 b 2X2 0.0 411 a 9Xg o.1 490 a 3X3 0.5 638" b 3X3 1.0
359 & 4X4 1.0 411 b 3X3 1.5 500 a 2X2 1.2 639 a 4X4 0.3
359 ¢ 2X2 0.6 411 a 10 X 10 0.0 501 a 1.5X1.5 1.2 645 a 2X2 1.2
361 a 2X2 1.3 413 a 7X7 0.5 510 a 5%X3 0.2 656 a 3X3 1.0
363 a 5X5 3.0 413" a 9Xg9 0.3 511 & 3X3 0.1 676 o IX1 2.0
368 a 2X2 1.7 414 a 9Xg 1.5 511 b 4%X4 0.8 677 a 2X2 2.4
368 b 3X2 0.7 415 a 9X%X3 1.5 511’ b 3X3 0.5 685 a 8X4 1.0
368 ¢ 3X2 0.5 417 a 2X2 o.1 513 & ‘2X2 1.8 688 a 4X4 0.2
368 d 2X2 0.3 418 a 2X2 3.3 515 @& 1.5X1.5 1.8 694 a 3X3’ 1.0
369 a 10 X 10 0.0 418 a 5X2 1.6 516 a 1.5X1.5 0.7 697 b 2X2 0.1
375 a 3X3 0.7 420 a 2X2 3.6 523 b 2X2 1.0 703 b 2X2 1.3
377 a 2X2 4.0 420" a 3X3 3.8 526 a 6X6 1.3 704 a 9X2 2.2
379 a 4%X4 3.1 422 a 5X4 0.1 526 b 2X2 0.6 716 a 4%X4 1.1
379 b 2X2 1.5 423 a 10X 10 1.4 528 a 1.5X1.5 0.1 719 b 3X3 2.6
381 a 3X3 1.5 426 a 25X 12 a.7 535 & 3X3 1.4 724 & 2X2 o.1
382 a 2X2 1.0 427 & 2X2 44 541 & 2X2 1.8 729 @& 3X3 2.1
385 a 5X5 0.9 427 b 2X2 3.8 549 & 2X2 .8 738 a 2X2 1.4
387 a 6X6 2.0 429 a 4X4 0.1 555 ¢ 2X2 1.6 755 a 2X2 0.5
388 a 3X3 0.9 430 d 2X2 0.2 561 a 2X2 0.5 795 & 13X5 0.5
391 a 6X6 0.3 436 a 2X2 1.3 567 a 3X3 o.1 795 ¢ 2X2 0.3
301 b 6X6 0.2 438 a 10X 6 0.7 569 a 2X2 1.0 796 a 4X4 0.6
391" a 6X6 0.2 441 a 4X4 0.3 574 a 2X2 1.6 797 a 2X2 1.7
391’ b 5X5 0.0 442 b 4X4 0.3 576 a 4X4 0.6 82z b 2X2 0.0
3905 b 3X3 0.5 448 a 9Xg 0.7 585 a 3X3 3.1 804 a 3X3 0.5
396 a 2X2 0.3 448 b 3X3 2.1 585 b 4X3 o.1 805 b 3X2 0.2
397 a 6X6 0.5 448 a 8Xx8 0.2 505 a 3X3 o.1 805 b 3X3 0.7
397 b 3X3 0.1 448 b 3X3 1.7 600 a 2X2 1.5 816 a 3X3 1.3
397" a ITXII 0.3 453 a 5X2 1.6 600 b 2X2 0.4 817 a 1.5X 1.5 ‘2.1
397 b 10 X 10 0.1 453’ a 6X6 1.4 604 b 3X3 0.4 820 ¢ 3X3 1.7
402 a 2X2 0.4 455 & 2X2 1.2 604’ a 5X5 0.6 820" a 3X3 I.2
403 a 7X7 0.3 466 a 1.5X1.5 0.7 606 & 2X2 1.8 822 b 1.5 X1.5 .9
403 b 8x8 0.2 468 a 4X4 2.4 607 a 3X3 0.4 824 a 4X4 5
403 ¢ 10 X6 0.2 471 b 3X3 0.1 613 & 1.5X1.5 0.5
403 e 6X6 0.1 472 & 10X 3 1.5 620 a 2X2 1.0
403 f 3X3 1.2 478 a 4X4 2.1 621 & 2X2 1.1
16—37522.

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1937AnLun...6....1H

APPENDIX III

CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES

The following catalogue contains all data of double and multiple galaxies that have been collected by
means of the Bruce plate material of the Heidelberg Observatory. The number of double and multiple systems
amounts to 827 and the total number of galaxies is 1854. The distribution of the objects is discussed in Chapter
IT of this paper. As regards the values given in the different columns of the catalogue the following explanations
may be given:

Column 1 contains the number of the present catalogue. An asterisk denotes that a reproduction of the
object is to be found on the plates at the end of this paper. If an object has been measured on
two different plates both measurements are included in the catalogue. The denotationsa, b, . ..
refer to the components within the same double or multiple system. The components generally
are arranged after decreasing apparent brightness. Sometimes, however, the component situated
at the centre of the system has been denoted by a.

Column 2 gives the NGC-number. For the identification of these numbers the catalogue by K. REIN-
muTH!, ‘Die Herschel-Nebel’, has been used.

Column 3, 4 give right ascension and declination, reduced to the equinox 1900.0, for the component @ in
every system. The co-ordinates do not claim higher accuracy than is necessary for identi-
fication purposes. The errors in the co-ordinate values are discussed in Chapter IV.

Column 6, 6 give the relative co-ordinates 4« cos ¢ and #5 within every system. Component a is used as
origin. The values are given in tenths of a minute of arc.

Column 7, 8 give galactic co-ordinates of component @. The determination of these has been performed
by means of the table by J. OHLSSON.2

Column 9, 10 give metagalactic co-ordinates of component a. They have been determined by means of a
diagram (Fig. 35) given in this paper.

Column 11 gives the type of the galaxies according to M. WoL¥’s classification.® In the cases Where it has
been possible to distinguish the direction (right or left handed) of the arms of the spirals, it
has as usual been denoted by S or 2.

Column 12 gives apparent major and minor diameter of the galaxies. The values are given in tenths of a
minute of arc.

! Heidelberg Verdff, Band 9 (1926). ? Lund Ann 3 (1932). 3 Cf. Heéidelberg Veroff, Band 9 (1926) and Chapter
IVof this paper.
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13 gives the position angle of the major diameter. This angle is reckoned as usual from the north
through the east.

14 gives the concentration of light within the galaxies. This concentration is defined in Chapter

IV of this paper.

15 gives the estimated total photographic magnitude. The values have been corrected by means
of some formulae given in Chapter V.

16 contains the corresponding magnitude value as given in the Harvard catalogues.!

17, 18 refer to the plates used. The limiting magnitude of the plate at the situation of the object is
denoted by m,, and the distance, in degrees, of the object from the centre of the plate is denoted
by d.

1 Harvard Ann 88, No 1 (1930) and Harvard Ann 88, No 2 (1932).
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e ———————
No NGC | @ poo b1p00 |detcosd| A6 l b L l B Type axb ) c. | m mgaul M d
1 a o' 175 [+ 4° 34 72° | —56°| 310°| F21°f d 5X%5 o | 147 16" | 276
b — 14 |— 2 d 2X2 o 14.8 :
2 a 1 o 2.1 |+27 9 8o —34 | 320 | +44 | e 3X3 b4 14.3 16.8 | 1.5
b 2 + 3 |— 18 d—h, | 6X3 108°| 0.5 | 14.6
"3 a 9 o 3.7 |+23 16 79 ~—38 | 318 | +40| d—h, 9X4 155 | 0.5 | 13.8 16.:1 3.0
b 8 — 22 |+ 13 d 4%X4 o 14.9 )
4 a o 50 |— 5 16 67 —65 | 310 | +12 | 4 6X6 0.5 ] 13.8 16,3 | 2.3
b + 11 |— 5 d 2X2 o 15.2
5 & 0 12,0 |—14 3 64 —75 | 310 | + 41 d 8x8 05| 145 16,2 | 1,0°
b + 26 |+ 14 ‘ 14 6X6 o 15.0
6 a 68 0131 |+29 31 83 —32 | 324 | +45) d 3X3 [ 14.6 16.6 | 2.7
b 71 + 1x |— 4 ' d 3X3 o | 148
c 70 + o |+ 5 d 3%X3 o 14.9
d 72 + 22 [— 19 d 3%X3 o 15.0
e - 13 |— 9 d '3X3 o 15.3
£ 69 + 5 |— 19 .d 3X3 o | 153
g 67 — 8 |— 5 d 3X3 o } 155
7 a 013.8 |—10 56 69 —72 | 311 | + 7] e 4X%X4 1 ‘14,2 16,0 | 2.2
B — 2 [+ 10 d 5%X4 |173| o 14. 4
8 a [ 14.5 +29 23 83 —32 | 324 | +44 | e 4X4 I 14. 4 16.5 | 2.9
b + 12 |+ 1 d 4X4 o 15.3
9 a 00| o0 18.8|+415 56 82 —46 | 319 | +33 ] ho 25X6 54| 05] 13.8 16.4 | 1.8«
b + 22 [+ 27 f 7X7 b 14.9
10 & 0251 |—II 39 ’ 77 | —73 | 314 | + 5| d—ho | 1IX6 170 | O 13.1 16.4 | 1.4
b — 30 |— 3 d 5X5 o 14. 8
“II 8 026.2 (+ 7 55 84 | —s54 1 319 | +23 | ho 18X6 16 (- 0.5 | 13.5 15.9 | 1.9
b — 13 |+ 5 ‘ . H 5%X5 4 | 140 '
2 @ 0 27.9 | =17 20 75 | —79 | 313 | — 1] d 12 X 12 05| 12.2 15.0 | 2.9
b — 11 = I ) d 7X7 o' | 14. 4
13 & | 191 ) 033.90|— 9 33 85 | —7x| 316 |+ 7] e 9%X9 1 | 142 16.2 | 2.9
b i + 3 |- 7 e 6X6 X 14. 2
14 & 0 35.9 | —14 20 86 —76 | 315 | + 2 d=—ho 6X3 74 | © 4.3 16,4 | 3.2
b — 13 |+ 13 . d—h, 5X2 109 | O 15.1 o
15 a 036.8|— 9 51 87 | —yz| 317 | + 7| d=h 8X5 |151| o 13.7 16.4 | 2.1
b ) - 7 |+ 12 d 4X4 o 14.6
16 a 036.8 |—10 3 87 —92 | 317 | + 6 | d—h, 8X3 168 | o 15. 1L 16,5 | 2.0
b ’ - 3 |=— 6 d~h, | 8X%3 72| o |15.2
14* e | 224 |0 37.3|+40 43 8 | —22| 337 | +54 | 88 294X0%6| 4o:f 23! —_ 5™ | 16,9 | 0.2
b. | 221 o | =240 e 27X20 | 163 | I 9.6 9.5
¢ | 205 - | =263 +246 g 110X 50 | 171 |23 10.1 | 10,8
18 a 0 39.8.|—x8 47 90 —81 | 315 | — 3| d—ho 8x%3 113 | 05 | 13. 4 15.4 | 0.9
b I . - 10 |— 3 he 10X2 ('133 [ 0 13. 4 |
19 a 0 40.0 [ —17 3 90 —79 | 316 | — 1. de=ho 8X3 290 | o 13.6 15.4 | 0.9
b 4+ 16 |— o d 4X3 31| 0 14, 4
20 & 040.7 | — 9 53 90 —72 | 318 | + 71 d 5X5 o 13.6 16.5 | 1.5
b. — 10 [~ 6 d—h, 4X2 4| o0 15.3
21 & 042.7 [ ~10 23 92 —92 | 318 | + 5| h 20 X 4 19| 5 14,2 16,6 | 0.8
b ' + 1 |— 40 ho 17X 4 79 | 05| 14.2 |
22 & | 259 ]| 0 42.9 |=— 3 19 92 —65 | 320 | +12 | h" 18X3 135 | 4 14,1 16,6 | 1.1
b - 36 | = 10 d 0.5 15.3
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1<
= .
| ———— - -
E Ne | NGC | epo0 01000 |detcosd| Ad ! b L B Type axb ") e |-m |mga.| my d.
"H. 23 & o"43P0 | +27° 8 91°| —35° 330° | +40° h, 5X1 2°| o ‘15My 1§91 275
b 252 —53 | —34 g 12X6 96 | 8 | 141
c | 260 +24 | + 9 d 6X6 o5 | 14.5
Tod | 258 —26" | —13 d 3X2 2| o 15.0
[} +15 | +20 d 2X2 ‘o 15,2
24 & 0 45.2 | —18 51 97 | —8x | 316 | — 3| d . 5X5 o 12,9 15,3 | 1.6
b : -5 | —14 o d—h, | 1I1X4 170 | © 13.3 :
25 & 0 45.9 | +40 11 o1 | —22 | 340 | +53| 4 10X 10 051335 16.8 | 1.6
b -1 | 412 d 4X4 05 14.9
26 a| 275 | o0 46.0 |— 7 37 94 | —69 | 319 | + 8] d 9X9 05| 12.5| 13" | 15.8 | 3,7
b | 274 -6 |+ 5 e 9X9 I 12,7 | 13.0 | -
26 a| 275| o0 46.0|— 7 37 94 | —69 | 319 | + 8| 4 10X 10 05| 13.3| 130} 156 309
b 274 -7 |+ 6 ) 9X9 - X 13.3 | 13.0 |
~_'27 a 309} ‘0 51.7 | —10 27 99 | —72 | 319 | + 5| wS 20X 18 80| o5 ] 12,6 1205].16.4| 2.1
g b ' —40 | —12 1a 3X2 | 174 | o | 15.0 ‘
}2'8 a| 315| o052.4|+29 49 93 | —32 | 334 | +42 | & 1IX6 4t | 5 135 16.3 | I.4
{ . ‘b | 316 ! + 9 |+ 2 d 2X2 | o5 ] 14.9 ‘
[ 313 -7 | +.8 d IX1 0.5 | 151 ‘
«'?2‘9 a 0525 |— 5 33 98 | —67 | 321 | + 9| d 6%6 0.5 | 14.3 16.4 | 2.3 |
by b +18 | +33 h 10%X3 |102 | 2 | 147 “
;'30 a| 327| o52.9|— 5 40 98 | —67 | 321 | 4+ 9| d—hs | 10X6 ol o5 140 16.3.| 2.5
5 { b| 329 ' +14 | +35| - d—h, | 13%6 21| o5 14.3 _
‘:%31 a ' 054.3|— 5 21 99 | =67 321 | + 9| h 15X 4 169 | 2 | 14.7 16.3 | 2.5
1o i +6 | +6 - d 5%X5 0.5 | 15.0
’5‘32 a 0 55.1 [ —II 37 ‘103 | —73 | 320 | 4 4| d—hs | 10X6 160 | o | 14.2 16,2 | 2.9
‘; b +9 |+ 3 d 3X3 o | 149 ‘
533 a 0555 |— 2 14 o 99’ | —64 | 323 | +12| d 10X7 178 o | 14.9 16,3 | 2.6
:; b —12 | + 9 d 9xX7 50 | o5 | 15.0
¥34 a o 56.0 | +30 59 94 | =31 | 337 | +42 | k 25X 8 x| ox 13.9 16.1 | 2.6
b o | —10. A d=h, | 4%z |127| o | 152 ‘ ‘
F3s o 0587 |+25 17 95 | —37 | 333 | +38| a 6x5 | 17| 0o | 144 157 | 3.5
"'H b -5 | —10 e 4X3 80| r | 146 ‘
36 a| 302| 1 2.8 |+32 36 . 95 | —29 | 339 | 4+43| d 3X3 o | 139 15.0 | 2.5
" b | 304 +5 | +o| d 3%3 o | 142 |
o a I 7.4 |— 4 40 108 —66 324 + 9 d 4% 4 o 14.3 - 15.7 2.7
b + 8 | + 4 d—ho 9X%X5 170 | o | 14:2
c o|—g9 d—hs 9X5 137 |. 0 144,
d —30 | + 3 d—h, 8X4 25 | o | 144
a 1 10.8 |+19 14 100 | —42 | 334 | 431 | d 4% 4 0.5 | 14,6 16.2 | 0.9
b -7 =7 : d 2X2 o | 152 .
a| 469 | 1 14.4 |+14 20 102 | —47 | 333 | 427 | d 3X3 o | 14.4 15.7 | 2.3
b|. o | ~10 : d 2X2 o 14.8
‘B, [ 476 | 1 15.0 |+15 30 10z | —46 | 334 | +28 | d 4%X3 155 | © 14.6 15'.7 2.1
b | o|—6 ho 10X3 79| o | 152 ‘
a . 1182 |— 7 10 15 | =67 | 326 | +6|d | yx7 o | 142 159 | 1.3
i b ' ' —25 |+ 3 d—ho | 7X4 | 178 | o | 14.2
i e +26 | +17 d 3X3 o 14.6
d| +43 | +30 d 2X2 o | 147
p e —49 | —~33 ; d 6X6 [ 14.8
) ‘42 a | 545 I 209 |— 1 52 112 | —62 | 329 | +10 | e 5%X5 3 13.% 15,7 | 2.2
o bl o547 +51—4 : e 5X5 3 liss
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i<
=
:.%: No NGC 1000 Ji000 |decosd| A l b L B Type axXb @ [ m | Mgl M d
1
& _
b 43 a "21"2 | — 6° 37 117°| —67°| 327°| 4+ 6°| ho 27X5 24°| o 1371 160 | 1°2
b —4 |—3 d 3X3 o |14.9
44 a | 564 ) 1 22.7|— 2 24 113 | —62 | 329 | + 9| e 4X4 1 13.9 15.8 | 1.6
b -6 | + 3 h 10X 2 112 | 5 14.5
45 a | 586 126.6 | — 7 24 120 | —68 | 328 | + 5| d—ho | 10X6 145 | o 13.7 15.6 | 2.8
b 584 —42 +15 g 14X 8 50 | 2 11.2 | 1I™6
c +27 | —26 d—h, 6X3 17| o 4.4 | -
46* a 672 I 42.2 | +26 56 106 | —33 | 345 | +35]| s 60X 17 70 | 2 12.1 | 11.9 | 15.9 | 2.2
b —5I —61 d—h, | 35X15 | 132 | 0.5 | 13.0
47 & | 701 I 46.1 | —10 13 133 | —66 | 331 o| d—h, | 13X7 36| 05| 12.712.71156| 3.3
b —17 | —28 d—h, 6X3 97 | o 14.2
48 a 1 46.5 |+35 21 105 | —25 | 351 | +42 | d 2X2 o 14.6 16.1 | 1.6
b +2 |+ 1 ‘ d 1.5X 1.5 o | 14.8
49 a 708 1 46.9 | +35 39 105 | —25 | 351 +42 ]| d 6X4 160 | 0.5 | 14.0 16.2 | 1.2
b | 704 —17 | —16 ) d 4X3 176 | o 14.0
c| 703 —14 +12 d 3X3 o 14.2
d| 705 -9 | — 5 d 3X2 113 | o 14.3
e 700 —29 —23 d 3X3 o 14.8
50 a I 49.6 | —10 18 135 | —66 | 332 | — 1| d 5X5 o 14.2 15.8 3.0
» +29 | + 09 d 6X6 o | 14.6
c +9 {—3 d 4X4 o 14.7
d -3 |+ 4 d—h, 5%X2 114 | 0 14.8
5I & I 50.9 | +10 27 136 | —48 | 341 | +20 ] d 9X9 o5 | 13.8 15.8 | 3.0
b + 4 | +10 d 3X3 o 14.8
52 & 1528|—1 9 126 | —58 | 336 | + 9} d 3X2 108 | 0.5} 14.8 16.2 | 2.2
b ~4 |+ 2 ho 5X1 [ 5| o5 153
53 & I 54.9|— 7 34 134 | —63 | 335 | + 2| d—h, 5X3 160 | © 14.3 16.2 | 0.0
b -~ 7 | 418 d—h, 5X2 152 | 05| 14.3
54 a| 799| 157.1|— 0o 34 127 | —57 | 338 |+ 9| d 5X5 05| 14.4 16.0 | 2.9
b | 8oo — 1 —19 d 9X7 3] 0 14.0
c +8 |+ 1 d 4X4 0.5 14.8
55 & 157.2|— 6 33 134 | —62 | 335 | + 3| d—h, 8X 4 168 | o 14.3 16.2 | 1.2
b — 4 | =11 d—h, 5%X3 132 | 0 14.6
56 a 2 4.0|— 7 32 138 | —61| 337 [+ 2] e 8X8 1 13.5 | 15.7 | 3.0
b — 8 | +21 d 5X5 05 ] 14.4
57 a 2 4.5|— 7 27 138 | —61 | 337 | + 2 | d—ho 8X3 140 | © 13.5 16.0 | 2.4
b +22 | +30 d—h, | 10X6 92 | o 13.7 ]
57" a 2 4.5|— 7 27 138 | —61 | 337 |+ 2| d 7X5 128 | o 13.8 15.7 | 3.0
b +21 +29 d—h, | 10X4 96 | 0.5 | 14.4
58 a 945 2 23.7 | —10 59 150 | —60 | 340 | — 4| d—h, 18 X 10 8] o 12.9 15.3 | 2.4
b [ 948 +19 | +16 d 12 X9 43 | o 13.7
59 a 2 24.2 | —I11 17 |- 150 | —60 | 340 | — 5] d 4%X4 o 14.0 15.2 | 2.6
b +2 | —6 h 8Xz2 46 | 1 14.0
MC 292534 60 a 2 25.3 | +38 37 111 | —19 4 | +40] d 3X2 o| o 14.6 16.0 | 2.1
b —10 | — 4 d—h, 4X2 169 | o 14.8
Me 29263 - | 61 @ 229.2 |+37 3. 113 | —21 3| +39] d 8x8 0.5 | 13.8 16.0 | 2.4
b -3 |+ 38 d 5%X5 o 14.3
c +13 +20 d 5X5 o 14.3
62 a | 1010 | 2 32.8 | —11 28 154 | —59 | 342 | — 5| d 6X6 o 13.6 15.2 | 2.5
b | 1011 +10 | +12 d 3%x3 05| 14.1
° +37 | +11 d 3X3 o 14.5
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NGC |- @i000 b1900 |decosd| A6 l b L B Type aXb ® ¢ m Mgl m d
g3.3 a 2"44%0 | + 7° 41 134° | —43°| 352°| +12°| e 7X7 1 | 13" 1479 | 2°5
' p —25 | — 3 d 4% 4 o 13.3
64 a | 1154 | 2 53.3 | —10 46 158 | —55 | 348 | — 71 d 6X6 o 13.8 15.6 | 0.4
b | 1155 +14 | + 9 e 4%X4 1 14.0
65 a | 1196 | 2 58.8 | —12 28 161 | —54 | 347 | — 9| d—ho 8X3 91°| o 13.9 15.4 | 2.3
b | 1195 — 8 | 423 d 6X4 8| o 14.2
66 a 3 2.1 |— 9 55 159 | —52 | 349 | — 6] d 6X4 43| o 13.7 15.3 | 2.7
b +34 | —29 d—h, | 10X4 12 | 05| 14.0
67 & 3 6.0 |—11 8 161 | —52 | 349 | — 8| d—ho | 11X4 8 | 0.5] 13.5 15.5 | 3.0
b + 4 | 423 d—h, 8xX3 17| 0 13.8
68 a | 1241 3 6.4 |— 9o 18 158 | —51 | 350 | — 6] e—ho 12X 7 110 | I 13.6 | 13™0 | 15.8 | 1.5
b | 1243 : +27 | —14 d 4X4 o 13.7
c | 1242 +11 +13 d 5X5 o 14.1
69 a 320.3|— 6 35 158 | —46 | 355 | — 5| he 12X4 | 139 | 0o |13.5 15.5 | 3.0
b —12 +29 d 10X 8 170 | © 13.5
70 & | 1417 337.0|—5 I 160 | —42 | 350 | — 5| d 13 X 10 o| 05| 13.3|12.9]14.8| 3.9
b | 1418 | +48 | —15 : : d—ho | 13%8 20 | 05| 13.9
71 & 4 5.6 |—15 33 176 | —41 2 | —18 | d—ho 8Xs5 11| o 14. 4 16.2 | 2.5
b + 6 | — 8 d 4X4 o 14.9 ’
72 & 4 9.4 |—12 57 174 | —39 4 | —15]1 d 3X3 o 14.5 16.4 | 2.0
b + 8 — 6 d 2X2 o 15.3
73 & 4 10.4 | —13 36 175 | —39 4 | —16 | d 2X2 o 15.0 16.4 | 1.3
b + 7 + 4 d 2X2 o 15. 4
74 & 4 17.8 | —16 8 179 | —39 4 | —19] d 3X3 o 14.8 16.4 | 1.9
b -5 |—9 d 3X3 o 153
75 & | 1561 | 4 18.6 | —16 2 ’ 179 | —39 5| —19]| d 3X3 o 14.7 16.4 | 1.9
b : —10 |+ 1 d 2X2 o 15.0
76 a | 1587 | 4 25.4 |+ o 26 162 | —30 12 |—5}d 4X4 0.5 | 13.3 16.0 | 0.7
b | 1588 410 | + 2 d 3X3 05| 14.3
77 & | 1622 4 31.5 | — 3 24 167 | —30 12 | —10| h 10X 2 42 | 2 14.0 15.9 | 0.2
b —I4 | — 4 d 3X3 o 14.9
78 a 4 34.4 |+ 6 51 ] 158 | —24 17 ol d 6X6 o 14.2 15.9 | 2.7
b —6 | + 8 d 4X4 o 14.9
79 a | 1633 434.7|+ 7 o9 157 | —24 17 ol d 8X6 31| o 13.9 15.9 | 2.5
b | 1634 +2 | — 8 e 3X3 1 14.3
79 a| 1633 | 4 34.8(+ 7 o9 157 | —24 17 ol d 8x8 05| 14.1 15.7 | 2.6
b | 1634 +2 | — 8 e 5X5 1 14.2
8 a ' 444.5|+ 0 5 165 | —25 7| —714d 3X3 0.5 | 13. 4 16.1 | 2.6
b +5 | —1 e 3X3 1 14.0
81 a | 1670 4 44.7 | — 2 56 168 | —27 16 | —10 | d 5X5 05| 13.9 15.1 | 2.9
b +2 | —o9 d 5%X5 05| 13.9
82 a 4 45.3 |+ 5 50 160 | —22 19 | — 2| e—h, 10X5 102 | 2 14.2 16.0 | 1.0
b —1I + 2 d 3X3 05 ] 14.6
83 a|1719| 454.4|— 0 24 167 | —24 19 | —8] d 3X2 108 | 0.5 | 14.0 16.2 | 2.1
b | 1717 -2 | —1 e 2X2 1 14.1
84 a | 1740 4 56.9 [— 3 27 170 | —24 18 | —12 | d 5X5 o 13.9 15.1 | 3.0
b | 1742 : +1m0 | + 1 d 2X2 0.5 14.3
85 a 6 12.1I | =21 21I 196 | —16 31 | —35 | d—ho 4X2 166 | 0.5 | 13.9 15.5 | 1.1
b : — 4 | —1 d—h, 4%X2 163 | o 14. 1
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E: No | NGO |. e900 61000 |decosd| A6 ! b L B Type | aXb o | ¢ m | M| ™ d
1 () - . .
: 86 a | 2342 7" 374 | +20° 48 164° | +15°| 56° | + 2°] rS(?) | 13X10 55° 1 1470 168 | 1°2
b | 2341 ' —16 | —a1 f 5%5 2 14.6
87 a i 7 21,4 | +19 51 166 | +18 | 59 o] e 9X6 [} 14, 4 16,5 | 1.6
b + 4 |—09 e 6X6 14.8 )
88 a | 2461 7 48.6 | +56 56 128 | +32( 73 +34 | d 4X 4 o 14,1 15.5 | 0.2
b | 2462 +7+o9 d 4% 4 o 14.6
89 a | 2481 7 51.3 |+24 2 165 | +26| 67 | + 3| h 8X3 9| 2 13,8 16.3 | 1.6
b | 2480 -7 |+ ho 8X2 156 | 0.5 | 14.9
90 a | 2487 | 7 52.3 |+25 25 164 | +27| 68 + 4] g 18X 10 47:| 6 13.9 16.1 | 2.6
, b | 2486 —58 | 4+ 7 g 15X 10 80:| 13 14.6 . .
91 a | 2493 7 53.5 |+40 6 148 | +31 71 +18] e 6X5 36 | 1 13.5 16.5 | 3.2
b | 2495 +19 | + 7] d 3X3 o 14.9
92 a | 2507 | 7 55.9|+15 59 174 | +24| 66 | — 6] e—ho | 19X7 42| 2 |132 15.4 | 2.7
SR b + 4 | 421 ' d 4% 4 05 ) 14.6 :
L MC29493 + 93 8 8 2.8 |+41 53 146 | +33| 73 +20 | d—ho 5X2 152 | o 14.9 17.0.| 1.1
o P b +5 | =4 d 2X2 o 15.1 - )
94 & | 2535 8 5.2 |+25 30 165 | +29 70 + 4| vS 25X 7 29 | 3 13.0 15.9 | 3.1
b | 2536 ' + 7 | —16 1 e 5X5 1 14.3
95 & | 2555 | 812.8 4+ 1 3 190 | +21| 68 | —21 | e 7X7 I 14. 4 16.0 | 2.8
b -6 | 4+ 4 d 3X3 [ 14.6 '
[ -2 |+ 5 d 3X3 . o 14.8
06 & | 2604 | 8 27.2 |+29 52 162 | +36| 76 | 4+ 8| g 19X12 | 132 | I 12,5 16.3 | 2.7
b +31 | —24 ’ d 8x8 o 14.6
b 97 & | 8 31.9 | +43 54 144 | +39| 78 | 421 | h—ho | 14%X4 33| 1 14.3 6.7 | 2.9
U g~ b - 4 | 425 h 9X2 141 | 1 14.6
98 a | 2667 | 8 42.7 | +19 23 175 | +35( 78 | — 4| e 3X2 65 | 1 14.7 16.7 | 1.9
N + 7 | +16 . -d—h, 5%X3 40 | o 15.0°
¢ . —~17 | +10 d. 3X2 22 | O 157
99 a | 2672 [ 8 43.6 | +19 26 176 | +36| 78 [ — 4| £ 6X6 | 3 | 132 12"6)|16.6| 2.2
b | 2673 : + 6 | —1 d 4% 4 o 14. 5
Me29a15 T 100 o 8 46.3 | +42 48 146 | +41| 81 +20| d 5%X5 o 13. 3 15.6 | 2.6
Smesraist® 4P -5 d—ho | 5Xz | 99| o |144 |
- . ’ 01 & 8 48.2 | +33 4 159 | +40 | 81 +10] w$S 20X 17 65 | 1 13.9 16.3 | I.5
b +17 | —28 _ d §X 4 26 | o 14.6
Me2gars 1102 @ 8 49.4 | +42 39 146 | +42 | 82 | +20] d 7X5 1| o 14, 1 16.2 | 2.1
S me 29215 4 b —28 | + 2 d 5X5 05 | 14.6
103 @& | 2704 | 8 50.3 | +39 46 150 | +42 | 82 +16 | e—1f 9Xg9 3 13.8 '16.4 | 0.8
b —19 | —~ 4 d 3X3 o 15,2 :
104 0| 2716 | 8 52,4 |+ 3 29 ‘194 | +31| 79 —19 | e 8X8 b 13. 5 15.7 | 2.9
b : —17 | — 6 d 3X3 o 14. 8
105 a | 27191 8 54.0 |+36 ¢ 155 | +42 | 83 | +13| o 10X 3 128 | 1 14.0 16.0 | 2.8
b ) ‘ o | — 4 d—ho 6X3 122°| © 14. 5
106 a | 2729 | 8 56.2 |+ 4 6 194 | +32| 8 | —19| h 8X3 3| 2 14.0 16.1 | 2.3
b + 4| -1 d 3X3 o | 144
Wb, Me 'qu;b’- 107 & 8 56.2 | +44 54 143 | +43 | 83 +22 | d—ho | 10X6 5|0 13.3 15.9 | I.I
Mg E o b —24 | +14 | d=h 5X3 20| o 14,1
108 a 8 56,8 | +26 20 168 | +41 | 82 + 3] h 8§X2 97 | 2 13. 4 16,2 | 1.8
b ‘ + 8|4+ 3 d 2Xz2 0.5 | 14.9
109 & 9 1.0 |-+37 37 153 | +43 | 84 | +14}| d 6X6 o 13. 7 15.3 | 3.0
b —14 | =32 | d 3X2 179 | 0.5 | 14.4
o + 3 | ~10 d 3X2 120 | o | 14.5

} ol
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No | NGC| o | biweo |dacoss| 46 | 1 | b | L | B | Type | axd | @ |‘c | m |mgg| m | @

I ' a 9" 273 | +36° 3’ 156° | +44°| 84° | +12°| e 4X4 1 1478 160 | 2°8

“'p — 7 | +11 d 4% 4 05| 14.8

111* a | 2770 | 9 3.5 |+33 32 159 | +44 | 84 | +10}| q 32X7 140°| o.5 | 11.7 16.3 | 1.8
b —31 1+ o9 d—h, 5%X2 710 15.3
c —30 | — 3 d 5X5 o 15.0

112 & | 2778 9 6.2 | +35 26 156 | +44 84 +12 ] e 5X5 2 13.8 16.3 | 1.8
b | 2779 + 9 | +16 d 5X 4 171 | o 15.0

112 a | 2778 9 6.2 |+35 26 156 | +44 84 +12 | f 9X9 3 13.5 15.9 | 3.1
b | 2779 +9 | 417 d 6x6 05| 14.8

113 & | 2783 ) 9 7.6 |-+30 26 164 | +44 | 84 + 7] e 5X4 164 | 1 13.7 16.1 | 2.7
b —14 | + 4 ho 16X 4 781 o 15.0

114 & 9 9.9 |+r12 18 187 | +38| 8 | —12| h 13X3 84| 3 14.2 16.5 | 2.0
b — 6 | —13 d—h, 5X2 12 | O 15. 5

115 8| 2796 | 9 10.7 | +31 21 163 | +45| 8 |+ 8] g 8x4 81| 1 14.7 16.3 | 2.0
b +9|—3 d 3X3 o | 155

116 & 9 10.8 | +27 46 167 | +44 | 8 | + 4| d—ho 6X3 41| o 14.0 16.2 | 1.9
b : +6 |+ 7 ) d 3X3 o 14.9

117 & | 2798 | 9 10.9 | +42 25 147 | +46| 8 | +19] e 6X6 2 13.2 | 12%9 | 15.3 | 2.8
b | 2799 +17 | — 5 d—ho | 9X5 |131| 05| 14.1

118 a 911.3 |+ 7 41 192 | +37| 8 | —16)] d 9X%X6 147 | 0.5 13.9 16.5 | 2.0
b —11 | —20 e 3X3 1 14.7

119 a 9 11.3 | +27 46 167 | +44 | 8 | + 4] d 3X3 05 | 14.7 16.2 | 1.9
b +3 |+ 5 d 2X2 o | 14.8

120 & 9 12.4 | +34 59 157 | +46 | 8 | +12| he 13X 3 157 | © 14. 1 16.4 | 0.4
b —3|—6 ho 7x2 | 175 | o | 151

121 & 9 13.6 |+ 6 18 . 194 | +36 | 85 | —17] d 5%X5 o 14. 4 16.5 | 1.6
b | 416 | —1 d 4% 4 o |1s5.1

122 & 9 13.7|—16 4 215 | +24 | 8 | —40| d 3X3 05| 14.1 16.3 | 0.3
b -3 o d 3X3 05| 14.1

123 & | 2832 | 9 13.7 |+34 10 159 | +46 | 8 | +1x ] e 4%X4 2 13.8 | 12.9 | 16.4 | 0.7
b | 2830 —13 | — 7 ho 9X3 | 101 | 0o | 14.2
c | 2831 — 4| — 3 d 3X3 0.5 | 14.4

123" a | 2832 | 9 13.7 | +34 11 : 15 | +46 | 86 | +11 | e—f 6X6 4 13.8 | 12.9 | 15.7 | 3.5
b | 2830 —12 | — 8 ho 15X5 | 109 | 0 | 150
¢ | 2831 -4 | —3 d 3X3 0.5 | 15.0

124* & | 2820 | 9 13.7 | +64 40 116 | +41 | 88 | 441 | ho 30X 4 60 | 1 13.2 1720 | 1.8
b | 2805 —o1 | —97 we 45X 45 1 | 12.0
c | 2814 —39 | — 6 d—h, 8x3 178 | o 13.6
d —17 | —I3 d 4X4 o 14.9

125 a 9 15.0 | +28 35 166 | +45 | 86 + 5| d—ho 8Xs5 40 | o5] 14.9 16.6 | 2.0
b +16 | +16 d 3X2 | 147| 0o | 153

126 a 9 15.0 | +62 27 120 | +42 | 8 | +39| d 6X4 1| o |14.8 17.0| 1.6
b + 7 o ho 3X1 o| o 15.9

127 a 9 15.4 |— 7 27 208 | +29 | 8 | —31] d 6%X6 o5 134 15.4 | 1.9
b 411 [ 41 ho 7X2 3| o0 14.2

128 a | 2848 | 9 15.4 | —16 6 215 | +24 | 85 —39 | d—ho 7X4 82 | o 13.9 | 12.8 | 16.3 | 0.7
b + 7|+ 8 : d 3X3 o 14.8
c | 2847 + 1 |+09 d—h, 4X2 138 | o 14.8

129 a 9 16.7 | +65 54 115 | +41| 88 | +42| d—he 7%X3 71 | o 14.8 16.8 | 2.5
b -2 | -3 d 3X3 05| 14.9

16—37522.
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— me———
No NGO | @900 Oio00 |decosd| A6 l b L B '| Type axb (") ¢ m Mgy ™ d
130* a | 2872 | oP20®3 | +11° 51 188° | +41°| 89° | —12°| e 6X6 2 1376 16™5 | 2%
b | 2875 +13 | — 5 h 25X5 39°| 4 |13.8
c | 2871 -8 |+ 7 d 2X2 o 15. 1
d | 2873 +15 | +13 d 5X5 o 15. 3
131 a 9 22.2 | +12 44 188 | +41 88 | —11 | d—h, 7X3 70 | o 14.4 16.5'| 1.6
b —24 | —I3 d—ho 5%X2 150 | 0 15.2 ’
132 & 9 23.7 | +25 59 71 | +47| 8 |+ 2] d 4% 4 o 14.6 16,6 | 1.9
b —4 |+ 7 d 3%X3 0.5 | 15.0
133 & | 2804 | 9242+ 8 9 ) 194 | 40| 88 | —16] e 4%X4 b 14.0 15.8 | 2.5
b 1 -4 o ' d 4%4 o |14.8
134 a | 2930 | 9 31.9 |+23 39 : 175 | +48 | 90 of e 6X6 1 |13.9 15.9 | ‘3.0
b | 2020 -5 | —27 ho 12X 4 149 | © 13.3 '
¢ | 2031 +13 | +24 d 7X79 o 13.7
135 8 | 2036 | 9326 |+ 3 13 201 | +39| 90 | —21] ho ox3 |1m0] 0o |14.4 16.5 | 2.0
b | 2037 +2 | —9 . e 2X2 3 14.8
136 a | 2943 | 9 33.0 | +17 29 | 84 | +45] 90 | — 7] a 7X6 | 129 | 0.5.] 13.5 15.7 | 3.3
b | 2041 —22 | + 8 d 7X5 131 | © 14. 5 »
137 a 934.3 |+ 6 54 197 | +42 | 90 | —17 | ho 8X2 86 | o | 14.3 16.5 | 1.8
b —18 | —23 [ 3X2 83| 1 14.7
e +13 | —14 e 3X3 ' I I5. 1
138 a 934.5|+48 5 ‘ 138 | +49 | 90 | 423 ) d—ho | 10X4 16 | o 13.7 15.9 | 2.9
‘ b + 7 (=7 ho 6X2 137 | © 14. 5 )
‘139 a 9 36.9 | +41 33 147 | +50 | 91 +18 ] e 10 X 10 1 13.3 16,2 | 1.0
b 420 | — 7 d 2X2 o 15. 1
140 a 9 37.7 | +42 53 145 | +50 | o1 | +19)] d 3X3 05| 14.3 16.2 | 0.4
b . +16 | — 1 d 3X3 0.5 | 15.2
~| 141 a 937.7|+43 8 ‘145 | +50 | o1 +19| ho 10X 3 65| 1 13.3 16.2 | 0.7
b | =8 | =10 - d=—ho 4X2 84| o 14.8
‘142 & 9 40.8 | 442 59 145 | +51 | 92 | +19 ]| d—ho 5%X3 45 |. o 14.0 16.2 | 0.7
b — 4 | —24 d 3X3 o 15.2
‘143 8 9 41.2 |+ 3 32 ' 201 | 41 93 —20 | he 20X 5 66 | O 13.7 16.3 | 2.5
b ‘ . -2 | —-17 d—h, | 10X4 118 | © 13.9 |
1] —58 | +44 g—h 10X5 132 | 2 14.3
144 a | 2008 | 9 42.4 | +44 34 ‘ 143 | +51 92 | +20 | k 20X9 60 | 4 12.3 | 1288 | 16,0 | 2.1
b | 3008° ‘ 492 | 418 ' e 5X4 go | I 13.9
¢ | 3005 +57 | +33 h, 8X2 139 | o 14.2
d | 3006 +63 | —33 ho 8x1.5| 81| 05 14.4
e | 3000 : +13 | +30 d—ho 4X15| 39| 0 14. 7
145 & 9 42.5 | +20 46 ‘ 18 | +49| 92 | — 3| ho 6X2 ol o |14.7 16.8 | 1.0
b k ‘ 412z | + 4 d 2X2 | o 15.1
| 146 a | 3010 ‘9 44.2 | +44 47 142 | +51 93 +z20 | d 4X3 9| o 14,1 15.9 | 2.5
b | 3009 -39 | —14. d 8X8 o 13. 3 i
[\ .+ 3]+ 5 d 4X4 o 14. 1
d ’ B R § d 5%X5 05| 14.3
| 147* a 3020 | 9 44.7 | +13 17 191 | 446 | 93 | —10| 0 32X 10 96 | 6 13.1 16.0 | 2.2
b | 3024 +51 | —30 ho 15%X3 | 124 | 05| 13.7
o | 3016 —40 | —72 e—g 12X5 711 3 13.9
d | 3019 + 2 | —4o0 , d 9X9 05 | 14.7 .
148 a 9 47.5 | +19 54 18z | +50 | 03 | — 4| d 3%3 o | 145 16,7 | 14
b : -4 |t 7 d 3X3 o | 153
149 & 9 48.7 | +23 45 176 | +51 | o4 o] d—hs | 18X8 9 | o5 13. T 16,1 | 0,9
b + 6 | —18 ‘d 5%X5 [ 14. 4
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Zi1No | NGC | @000 01000 |dacosd| A6 l b L B | Type axb ¢ | ¢ m  Mga.| m d

'{;\}:5° a 9"49"2 | +41° 36’ 147° | +53°| 94° | +17°| d 8x8 o.5 | 1473 16M0 | 2°2

! b + 1 | —17 “ d 3X3 0.5 | 15.1

I51 & 9 50.9 | +20 58 . 181 | +51| 94 | — 3| d—he 4X2 21°f 0.5 ] 14.8 16.8 | 1.2
b +3|—4 d 3X3 o | 148
c —18 | + 8 d—he 4X2 112 | 0.5 | 15.1
d —14 | +38 d 4X4 o 15.1
e . =9 | +26 d—ho 4X2 65| o 15. 4
b +4 |+ 6 d 2X2 o 15. 4

152 & 9 51.5 | +36 34 155 | +54 | 94 +12 | ho 12X 4 129 | 0 14.5 16.7 | 2.2
b — 5 | +15 e 4%X4 1 14.2
c —24 |+ 9 d 5X5 o 14.3
d +20 | + 2 ho 12X3 41 | o 14.9

153 & 9 52.1 |+36 37 155 | +54 | 94 +12 | d—h, 6X3 132 | O 14.5 16.7 | 2.2
b +22 | + 7 d—h, 5X2 20| 05] 153

154 & 9 52.2 | +37 48 153 | +54 94 +14 | ho 23X5 371 0 12.6 16.5 | 2.9 °
b —33 |'—18 d 6X6 o 15.1
c —56 | +21 d 6X6 o 15.2

155 & 9 53.6 | +18 18 185 | +51 96 — 51 d 9X6 103 | 0 13.9 16.1 | 3.5
b +12 | + 2 d—h, | 10X5 100 | © 14.9

156 a | 3079 ] 9 55.1|+56 10 124 | +50 | 94 | +32| ho 45X10 | 167 | © 11.8 | 11™9 | 15.0 | 3.7
b | 3073 —93 | —45 d 8x8 o |13.5

157 & 9 55.2 [ +37 55 153 | +54| 95 | +14| d—ho | 8X5 10| o |150 16.6 | 2.6
b _ +7 |+ d—h, 8X3 2| 0o |156

158 a 9 55.7 | +37 44 153 | +54 | 95 | +14| vS 10X5 3|1 14.1 16.7 | 2.4
b +5|+09 d 4%X4 1 o5 152

159 a 9 55.8 | +36 59 155 | +55 | 95 | +13| d—he | 11Xxg4 54| o | 14.7 16.8 | 1.8
b 4+ 1 | 410 a 4%X4 o 15. 4

160 a | 3099 | 9 56.8 | +33 1 162 | +55| 95 | +10 |- e 6X6 I 14.5 16.5 | 2.8
b —14 |+ 5 d 5X5 o 14.9

161 a 9 57.7 | +37 56 153 | +55| 95 | +14 ] e 5X5 b 14.2 16.7 | 2.4
b ) —11 | + 8 3 4X4 ‘I 14.6

162 a 958.7|+37 34 153 | +55| 96 | +14 | e 4X4 I 14.3 16.8 | 2.0
b —17 | — 8 d—h, 5X3 56| 0.5] 15.2

163 a 9 58.9 | +37 50 153 | +55| 96 | +15| d—ho 8X5 116 | 05| 13.8 16.7 | 2.2
b -9 |+ 1 d 3X3 05| 151

164 a 10 1.0 | +37 46 153 | +55 96 +15] d—ho 6X3 131 | 0 15.0 16.8 | 2.0
b —I10 | —19 d—ho 6X3 70| o 15.2

165 a 10 2.5 (438 20 153 | +56| 97 | +15] d 6X6 o 14.7 16.6 | 2.6
b +10 | — 3 d 7X7 [ 15.3

166 a 10 2.8 |4+ 0 47 209 | +44 | 98 | —23| d 5X5 o 14.3 16.5 [ 0.9
b ol|+ 7 d 2X15| 10| 0 |157

167 a 10 53|+ 2 43 207 | +45| 99 | —20}] d 6X6 05| 14.7 16.5 | 1.1
b — 8 | —26 d 6X6 o 14.8

168 a 10 6.5 |+38 36 151 | +57 1 97 | +15| d—h, 9X4 96 | o 15.2 16.5 | 3.0
b o|+ 6 _ d 7X7 o 15.6

169 a 10 7.2 | +35 46 156 | +571 97 | +12 | d 3X3 05| 14.1 16.9 | 1.0
b + 2 | +9} . d—h, 5X2 77 | 05| 14.6
c —14 | +10 d 3X3 o 15.7

170 a 10 7.5|+39 9 151 | +57| 98 | +16 ] e 9X9 1 14.3 16.0 | 3.4
b — 5 | +25 d 9X9 o | 149

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System
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124 CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES

Type

171 & 10" 8% |+ 3°20 208° | +46°| 99°| —20°| d 6X6 0.5] 1475 16™4 | 2%
b +26 | — 3 d 3X3 o | 153

172 a | 3161 | 10 8.1 |+39 1I 151 +57 98 | +16 | e 8% 8 1 14.3 16.0 | 3.4
b | 3163 +16 - 3 d 9Xg9 0.5] 13.3
¢ | 3159 —13 | — 2 ] 10X 10 I 14.0

173 a | 3166 | 10 8.6 [+ 3 55 207 | +47 99 | —19| & 11X8 101° 4 12.2 | 1176 | 16.2 | 2.6
b | 3169 +75 | +29 g 30X15 49 | 20 | 12.2 | 11. 9
c | 3165 —36 —-32 d 10X7 161 0.5| 14.2

174 & 10 11.2 |+ 5 21 206 | +48 | 100 | —18 | d 3X3 o 13.6 16.6 | 2.8
b —10 | =12 d 8X6 170 | o | 15.4

175 & {gigg 10 12.6 | +22 20 182 | +56 9 | — 2| h 35X8 118 | 3 12.4 | 12.1 | 15.3 | 4.2
b | 3103 +46 | +39 e 10X I0 1 | 12.6] 12,6

176 a 10 13.1 |+ 7 33 203 | +50| 101 | —16 ] d 8X6 130 | o 13.7 15.6 | 3.6
b —12 -7 d—h, 6X3 50| o 14.9

177 & | 3183 | 10 13.2 | +74 41 102 | +40 95 | +52 | ho 14X 4 131 o 13.5 16.7 | 1.9
b —15 —26 d 3X3 o 15.3

178 a 10 14.0 | +77 23 1 100 | +38 94 | 53] d 5X5 o 14.6. 16.7 | 1.5
b +7 | +8 d 2X2 o | 154

179 a | 3205 | 10 14.8 | +43 28 143 | +58 98 | +20}| d 5X5 o 13.8 15.8 | 1.4
b | 3207 +17 | +10 [ 3X3 . 1 | 13.8

180 a 10 15.5 | +38 48 150 | +58 08 | +16] d 7X5 168 | o | 14.3 16.6 | 2.0
b +8 |+ o9 ho 7X2 170 o | 14.6

181 a 10 16.3 +39 2 150 | +58 99 | +16 | d 3X3 o 14.7 16.5 | 2.1
b + 1 | -4 d 3X3 o | 14.7

182 a | 3214 | 10 16.4 | +57 33 120 | +51 98 | +34 | d—ho | 10X4 83| o 14.0 15.7 | 2.6
b | 3220 +51 — 6 ho 15X3 8 | o | 14.0

183 a 10 16.7 | +37 7 154 | +59 99 | +14| d 10X 10 o05] 14. 1 16.4 | 3.2
b —21 —12 d—h, 8X4 159 | 0.5] 14.3

184 a 10 16.7 |+39 5 150 | 458 99 | +16 | f 7X7 I 14.3 16.5 | 2.1
b —16 +10 d—h, | 10X4 141 | O 14.7

185 .a ‘10 17.6 | +53 38 126 | +54 98 | +30] d 4% 4 o | 13.5 15.7 | 2.3
b o |—35 d 4%X4 o | 13.8

186 a 10 17.7 | +38 8 152 | +59 99 | +15] e 8X6 125 | I 14.2 16.6 | 1.3

b +18 | + 2 d 7X5 32| o | 14.4

187 a | 3227 | 10 18.0 | +20 23 186 | +57 | 101 | — 3| g 23X15 | 150 | 28 13.0 | 12.2 | 15.6 | 1.0
b | 3226 -9 | 421 f 6X6 4 | 13.4] 12.8

188 a 10 18.1 | +10 26 201 | +52 | 102 | —13] d 6X4 137 | o | 151 16.4 | 1.1
b +3 | —4 d 4X4 , o | 155

189 a 10 19.6 | — o 23 214 | +46 | 103 | —24 | d 5X4 120| o 4.1 16.5 | 1.8
b —14 | + 7 e—h, 5X3 150 | 1 14. 4
c +18 — 8 e 3X3 1 14.7

190 & 10 19.6 | +10 6 ‘ 202 | +53 | 102 [ —13] d 6X4 23| o | 14.2 16.4 | 0.7
b -1 —16 d 3X3 o | 151 .

191 a 10 20.4 |+14 14 196 | +55| 102 { —o| d 7X7 0.5 13.7 15.8 | 2.1
b + 6 |+ 8 d 5X5 o5 14.1

192 a 10 20.5 | +14 53 194 | +55| 102 | — 8] ho 20X 4 161 1 13. 1 15.8 | 2.2
b o | —23 d 3X3 o | 14.1

193 a 10 22.3 [+ I 46 213 | +48 | 103 | —22 | o 2X2 X 14. 4 16.5 | 1.5
b -1 - 6 d 3X3 05] 14.8 :
c —13 | — 9 ~d—h, 4X2 113 | o5 14.8
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o ——————————— e T ———————
ZNo | NGC| @000 b1000 |dwecosd| 48 | 1 b L | B | Type | axb | ¢ | ¢ | m |mgy| m | d

[=dl

i

Eb' a 10"22™3 | 4+ 1°45 213° | +48° 103°| —22°] e 6X4 72°| 1 14™3 167 | 2°6

v:i b o -5 2] 6X4 150 I 14.7
c —12 — 3 e—ho 5X3 83 14.9

194 8 10 23. + 2 56 212 | +49 | 104 | —20| d 2X2 o 15. 5 16.9 | 1.5
b +3 | —7 d—h, 5X3 156 | o | 15.7

195 & | 3251 | 10 23. +26 36 175 | +60 | 101 | + 3| h—ho | 30X4 56 | 1 13.1 16.5 | 0.8
b +15 | —18 d 3X3 o | 14.7

196 a 10 23. +36 42 155 | +60 | 101 | +14 | e 5X4 o 1 13.8 16.7 | 0.6
b |+ —1I5 d 5X 4 93| o 14.1

197 & 10 24. +36 53 154 | +60 | 101 | +14 | d 5X5 o 14.8 16.7 | 0.5
b — 8 o ho IIX2 179 | o 15.2

198 a 10 26. — 2 II 218 | +46 | 105 | —25 | d—ho 7%X3 139 ([ o 14.6 16.3 | 2.7
b +5 | —6 d 6X35 10| o | 14.6

199 & 10 27. — 0 59 217 | +47 | 105 | —24 | d—h, 6X3 42 o 14.1 16.5 | 1.7
b +11 —37 d—h, 6X3 153 | o.5] 14.4
c —I10 | — 5 d 2X2 o 15.1
-d 1 —3 —5I d—h, 5X2 7t | o | 15.1

200 a 10 27. +16 23 194 | +57 | 103 | — 7] d 9X9 0.5] 13.6 16.5 | 1.6
b -1 -9 d 2%X2 o 15.0

201 & 10 29. +11 42 201 | +55 | 104 | —11 | ho 23X 4 154 | o 13.2 16.2 | 2.1
b + 2 | +15 d 3X3 o | 152
c —22 o d 3X3 o 15.2

202 & | 3294 | 10 30. +37 50 151 | +61 | 102 | +14 | T 30X12 | 119 1 11.4 | 1176 | 16.6 | 1.7
b | 3201 —19 | —44 g 10X5 100 | 8 | 13.7

203 & 10 3I. +14 14 198 | +57| 105 | — 9| ho 13X3 2 0.5] 13.3 16.4 | 2.4
b — 5 +10 d 4% 4 05| 15.2

204 & 10 3I. +38 33 150 | +61 | 102 | +15| k 10X 4 72 1 14.3 16.5 | 2.2
b —5 |+ 5 d 4%X4 o | 151

205 a 10 34. +24 22 181 | +62| 104 | + 2] d 10X 10 o | 13.7 15.9 | 3.3
b +24 | + 4 ho 10X 3 121 | o | 14.7

206 a 10 34. + o 8 218 | +49 | 107 | —22 | d—ho 8X3 101 | o.5] 13.6 16.4 | 2.2
b —32 —13 d—h, 8X5 17 | o.5] 13.8

207 a 10 34.4 | +24 38 179 | +62 | 105 | + 2| e 10X 8 74| 1 13.2 16.0 | 3.2
b +17 | +10 d 4X4 o | 14.4

208 a 10 36.5 | +14 25 199 | +58 | 106 | + 2| d 4%X4 o |152 16.4 | 2.3
b +12 | 4+ 1 d 3X3 o | 154

209 a 10 36.7 | +18 47 191 | +60 | 106 | — 4| d 3X3 0.5] 14.2 16.4 | 2.3
b -8 |+ d 2X2 o | 14.8

210 a | 3340 | 10 37. + o0 o9 218 | +49 | 108 | —22 | e 10X7 168 1 12. 5 16.2 | 3.0
b | 3339 | . —21 + 4 d 2X2 05| 14.8

211 & 10 38. — 0 46 219 | +49 | 108 | —23 | g 7X4 14| 2 14. 1 16.4 | 1.5
b —10 | + 4 d 3%X3 o | 152
c —26 | —15 d 3X3 o 15.3

212* a | 3379 | 10 42. +13 7 203 | +590| 108 | — 9| f 20 X 20 10 11.3 | 10.8 | 16.4 | 2.1
b | 3384 +67 | +31 f—h 35X%18 43 | 18 | 11.4 | 11.3
¢ | 3389 +97 | —30 i—ve | 2oX12 | 102 [ 3 12,0 | 12.6

212’ a | 3379 | 10 42. +13 7 203 | +59 | 108 | — 9| £ 20 X 20 10 11.6 | 10.8 | 15.6 | 4.0
b | 3384 +70 -+ 30 f—h 40X 12 50 | 13 11.7 | 11.3
c | 3389 +94 | —33 d—h, | 22X12 | 103 | 05| 12.1 | 12.6

L]
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No | NGC| ;900 O000 |decosd| 46 ! b L B Type axb ) ¢ m d

213 & 10"43™6 | +30° 21’ 168° | +65°| 106°| -+ 8°] d 3%X3 o 14™8 16™4 | 129
b -7 | — 6 d 3X3 o 15.5
c — 8 [ d 3X2 28°| o 15. 7

214 & 10 44.0 |— 0 9 220 | +51| 110 | —22 | d 5X5 o 15.1 16.4 | 1.3
b : — 9 | +18 v [ 8X7 31| 1 13.7
c +42 + 1 } K 6X6 |2 14.3

215% a | 3305 | 10 44.3 | +33 31 160 | +65 | 106 | +12 | ve 13%X8 31| 2 12.1 | 1274 | 16.1 | 3.0
b | 3396 +11 + 4 h 15X5 92 | 4 13.1 | 12.8

216 a 10 44.8 |+ o 51 219 | +51 | 110 | —21 | 5X5 1 14.3 16.3 | 2.3
b o | +20 d 4X%X4 o 15.3

217 @& | 3406 | 10 45.6 | 451 33 124 | +58 | 104 | +29 ]| d 5X5 o 13. 4 15.3 | 3.3
b | 3410 +16 | —10 d—h, 8Xs5 40 | o 14.2

218 a | 3424 | 10 46.2 | +33 26 160 | +65 | 107 | +11 | ho 15%X5 112 | © 13.1 16.1 | 2.8
b | 3430 +54 | +31 r 32X 12 38| 1 12.3 | 12. 4
c | 3413 —51 | —85 h 156 | 173 ] 6 | 13.5

219 a 10 46.4 | +71° 15 103 | +44 | 99 | +48 | e 6%X6 2 13.7 15.3 | 3.0
b o |—9 d 5X5 o 14.2

220 & 10 47.0 |— o0 2 221 | 451 110 | —22 | k 12X 4 60:{ 3 14.2 16.4 | 1.6
b +12 | +17 d 3X3- 05| 150 ’

221% & | 3455 | 10 49.1 | +17 350 196 | +63 | 109 | — 4} d 12 X 10 63 | o5 12.6 | 13.1 ) 15.9 | 2.4
b | 3454 -3 | +38 ho 23X4 | 113 | 0 | 13.4

221 & | 3455 | 10 49.1 | +17 49 196 | 463 | 109 | — 4] d 15X 10 53| 05)12.5 | 13.1 157 | 4.4
b | 3454 — 3 | +37 d—h, | 20X8 121 | 05| 12.9

222 a 10 57.5 | +31 57 164 | +67 | 108 | +10 | d 4X3 11| o 15.0 17.1 | 2.5
b +13 | —16 d 3X3 o | 154
c + 3 -3 ho 10X2 28 | o 16.0

223 & 10 57.6 | +32 32 162 | +67 | 108 | +10 | d 4X4 0.5 | 15.0 17.1 | 2.5
b +4 |+ 1 d 4%X4 o 15.1

224* a | 3507 | 10 58.1 | +18 41 196 | +65 | 111 | — 4| we 30X20 | 110 | 5 12. 5 16.8 | 2.6
b | 3501 —91 —9o1 ho 35%X5 28 | 1 13.5

225 & 10 59.5 |+ 4 50 219 | +57 | 113 | —16 | d 7X5 145 | 0o 14.1 16.2 | 2.0
b +10 | + 1 e 4%X4 ) I 14.6

226 a 11 1.5 |+23 33 186 | +67 | 110 | + 2| f 8X8 5 14.2 16.2 | 2.0
b +19 | — 7 d—h, 6x3 |153| 0o | 14.8 .

226’ a 11 1.5 |+23 33 186 | +67 | 110 | + 2} e 6X6 I 14.0 16.8 | 2.6
b +18 | — 6 d—h, 9X5 4| 05| 14.4

227 a 11 2.8 |+24 30 183 | +68 | 110 | + 3| d—ho 5X3 168 | o 14.8 16.3 | 1.1
b -2 |+ 8 d 6X6 o5 | i4.9

228 a 1T 3.6 | 423 28 18 | +68 | 111 | + 2| d 6X6 o5 | 14.2 16.2 | 1.9
b ‘ +6 |+ 2 d 3%X3 1 | 153

229 a | 3534 | 11 3.6 [+27 o9 177 | +69 | 110 | + 5| d—ho I4X5 82| o 4.1 16.2 | 2.0
b + 4 -9 d 4X4 o 14.5

230 a 11 4.4 | +22 18 190 | +68 | 112 ol e 5X%X5 b 4.5 17.0 | 1.4
b -3 | —-15 d 3X3 o 15.5

230’ a 11 4.4 |+22 18 190 | +68 | 112 ol d 6X6 05| 13.8 15.9 [ 3.0
b —10 | —1I13 d 4X4 0.5 | 14. 4

231 a 11 4.5 |+24 48 183 | +68 | 11x |+ 3| d 6X6 0.5 ] 13.6 16.3 | 0.6
b +7 | -4 ' vS(l) | 12X4 78 | 051 13.6

231" a 11 4.4 |+24 50 183 | +68 | 111 | + 3| e 6X5 ol 1 13.8 16.5 | 3.1
b + 8 | — 4 ho 13X3 62| o5 14.1
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1<
it
2| No |NGC| @900 01000 |decosd| A6 l b. L B Type axb ® c m |mg.| m d
I~
E: 232 & it 502 | 4+ 5°‘2z' 221° | +58° 114°| —16°] d—ho 7% 4 76°| o.5] 137 1670 | 2°6
= b : -2 |- 7 d—he 5X3 19| o | 14.7
}%‘;3% 233 & 11 5.6 |+19 44 195 | +67 | 112 | — 2| ho 10X3 81| o | 14.5 17.0 | 1.5
b . + 16 |+ 6 ’ d 3X3 o.5] 15.4
234 & 6 11 6.0 | +27 31 . 176 | +69 | 111 | + 5] d 2X2 o 14. 5 16.1 | 2.2
b 3553 - 4 |— I d 2X2 1 o | 14.6
235 & 11 7.0 |+31 56 163 | +70 | 111 | +10 | € 6X6 1 14.7 17.4 | 0.3
b + 11 |+ 4 d 5X5 o | 159
236 a i1 81|+ 5 45 221 | +59 | 115 | —16 | d 1I1X9 38| os5] 13.5 15.8 | 3.1
b - 5 |— 12 d 3X3 05| 14.3
237 a 11 9.8 |4+30 5 | 169 | +70 | 112 | + 8] e 5X5 1 14.6 17.3 | 2.0
b + 19 |— 1 e 2X2 I 15.3
c + 18 | — d 2X2 o | 158
238 a 11 10.2 |+30 4 169 | +70 | 112 | + 8} d 5X5 o | 159 17.3 | 2.0
b — 11 |+ 13 ‘ d 4X3 | 162 | o | 16.1
1qob3 | 239 @ 11 10.9 | +10 42 215 | +63 | 115 | —10 | d—h, 1IX5 43| 05| 14.4 17.0 | 2.2
1 b + 8 |— 2 : d 3x2 |117| o |15.2
5c‘$3 240 a | 3607 | 11 11.5 | +18 35 200 | +68 | 114 | — 3| g 18X 12 | 121 | 10 11.5 | 1174 | 15.8 | 2.9
b | 3608 + 7 |+ 6o g 13X9 | 108 | 8 12.5 | 12.5
c | 3605 — 19 |— 22 [:) 6X4 42 b 13.7 | 13.1
15983 240’ a | 3607 | 11 11.7 | +18 36 200 | +68 | 114 | — 3] £ 15X 15 4 | 12.1|11.4]16.5] 3.3
b | 3608 + 8 |+ 59 h 15X7 104 | 2 12.7 | 12.5
241 a | 3609 | 11 12.5 | +27 11 78 | +71| 113 |+ 51 g 1I1X9 65 1 13.3 16.8 | 2.2
b | 3612 + 55 |— 3 g 8X5 163 | 0.5] 14.2
c o |+ 20 d 3X3 o | 152
242 & 11 12.7 | +32 33 ‘ 161 | +70 | 112 | +11 | d—h, 5X2 49| o 14. 4 17.4 | 0.9
b — 29 [+ 13 d—h, 6x3 | 110 | o | 14.3
. c o|— 7 ho 5X1 89 o 15.4
243 & 11 12.8 | +30 57 166 | +71 | 112 | + 9| £ 3X3 4 | 15.0 17.4 | 1.2
b + 4 |- 7 f 6X6 1 | 14.7
c + 4|+ 2 d 2X2 o | 154
244 a 1 12.9 | +28 49 172 | +q1 | 113 |+ 7] d 9X9 o5 14. 4 16.8 | 3.3
b + 3 |— 22 d 9Xg 05| 14.5
244 8 11 12.7 | +28 49 V72 | 71| 113 |+ 7] d 8X8 o 14.1 15.3 | 4.0
b + 3 |— 22 d 6X6 o 14.3
245 & 1T 13.1 | +25 52 18t | +70| 113 | + 5] ho 12X2 11 05| 14.0 17.0 | 1.2
b + 71+ 7 d 2X2 o | 154
246* a | 3627 | 11 15.0 | +13 32 212 | +66 | 115 | — 8| rS 85X 35 o 8 10.7 9.9 170 2.3
b | 3623 —198 |+ 57 8 75%X20 | 171 | 10 | 11.0 | 10.5
‘e | 3628 o |+360 P 150X 20 | 101 4 11.2 | I1. 3
246’ a 3627 11 15.0 | +13 33 212 | +66 | 115 | — 8| rS 70X 30 | 158 | 23 1009 | 9.9 15.8]| 2.9
b | 3623 -199 |+ 57 8 85X20 | 170 | 18 | 11.4 | 10.5
c | 3628 ' — 6 | +360 P 150X25 | 104 | 8 | 11.8| 11.3
247 a | 3629 | 11 15.2 | +27 32 177 | 471 114 | + 6| g 20X13 | 20| I 12.6 | 12.9 | 15.9 | 3.0
b + 14 |+ 32 d 4X4 o | 14.8
248 a 11 15.3 | +31 47 164 | +71 | 113 | +10 | ho 18X2 94| os5] 14.0 17.4 | 1.2
b _ + 36 |+ 44 . d—h, 4X2 | 152 { 0.5] 14.2
249 a | 3651 | 11 17.1 | +24 51 186 | +71 | 114 | + 3| e—ho 5X3 174 | 1 14.3 17.0 | 0.4
b | 3653 + 9 |— 12 e 4%3 781 1 | 145
[ — 29 ) d—h, 5X3 251 o | 14.7
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2
[=4¢!
'é: No NGO @000 1000 |decosd| A6 ! b L B Type axb ] e |- m Mgyl m
!
-
P,:Loltb‘ka= 250 a 177 | +13° 53 212°| +66°| 116°| — 4°| d~h, 5X3 170°| 0,5 | 14™5 177
1(‘,73\?1% B b +11 | +10 d 4X4 o |152
2 .=
e 1 251 & 11 17.7 |+35 3 155 | +71 | 112 | +14 | d 5X5 05| 14.5 16.3
’ b +18 | — 6 d—he 6X3 168 | o 14.7
252 & | 3667 | 11 19.2 | —13 18 242 | +45 | 122 | —34 | e 4 X4 I 13,7 i 16.0
b +1x | 4+ 1 d 3X3 o 14.7
253 & 11 20,2 | +32 48 161 | +72 | 114 | +1x ) d 4X3 110 | © 15.0 17,2
b +14 | +34 d—h, 8X3 19| o 14.7
c + 2 | —16 d 5X%X5 o 4.7
d —39 | — 9 d 6X6 0.5 | 15.0
1 —35 | +42 d 4% 4 o | 154
‘ f —32 | + 6 d 5X5 o 15. 5
axsqis 254 & 11 20.3 | +23 22 190 | +71 | 115 | + 3} 4 6X6 o 13. 4 16.9
b +12 | + 9 d 3X3 o 15.1
255 @ 11 22.2 | +36 37 147 | +91 | 113 | +16 | ho 10X 2 61 | o5 | 14.1 16. 4
b -2 |+ 7 d 4%X4 o 14.3
256 a 11 22.9 |+59 8 108 +56 | 108 | +37 | e 4%X4 I 13. I 15.9
b + 4 | 41 d 4X4 o 13.3
257 & 11 23.5 |+ 9 39 222 | +64 | 118 | —12 | © 6X6 I 13.1 17.0
b ’ +59 | +10 e ‘ 4X3 160 | 1 13.9
c —64 | +27 g IIX6 50| 9 14.0
d +69 | —65 i 12X 4 ‘10| 5 14.2
e —21 | + 3 h, 15X3 161 | 0.5 | 14.2 .
f —66 | —24 d—ho 5X3 112 | 0.5 14.4
. g +52 | — 4 d 4X3 74 | 0.5 15.2 .
A15933 | 258 a | 3697 | 11 23.6 | +21 20 198 | +91 | 116 | + 1| ho 30X 8 87| o5 | 13.1. 16.2 | 1.5
b . 420 | —28 e 7%y 1 14. 4 .
‘ e +25 | —35 £ 5X5 3 |14.4
259 & | 3705'| 11 25.0 |-+ 9 50 222 | +65 | 119 | —11 | 8 40X13 | 118 |10 12.0 | 1272 | 17.0 | 2.4
b +352 | +60 h, 6X2 118 | o 15.2
e " —59 | —46 d 4%X4 o |154
260 & | 3720 | 11 27.2 |+ 1 21 234 | +58 | 121 | —19 | d 3X3 o 13.4 | 13.0 | 15.5 | 2.1
b | 3719 —22 | + 09 d—h, | 15%6 35| o5 ] 13.8
260" & 3720 | 11 27.2 |+ 1 2I 234 | +58 | 121 | —19 | e 4%X4 1| 13.2|13.0}165]| 2,3
b | 3719 ‘ —21 |+ 9 e 15X 10 31| 2 13.6
261 & 11 28.0 | +46 25- 123 | +67 | 112 | 425 | 4 T oax4 o | 150 16,6 | 2.9
b +16 | — 4 d 4X4 o |1s50
262 a 11 28,1 |+33 9 158 | +74 | 116 | +12 | vS 16X 2 181 05| 14.2 16,6 | 1.7
b —20 | —17 d~—ho 4X2 | 169 | o | 152
) ¢ 411 + 2 d 3%X3 o 15.3 .
o das Beeddllo | 263 8 11 28,1 | +49 47 117 | +64 | 112 | +28 ) d 8% 8 05| 139 16,7 | 2.6
ey Pl bt w1 B b ©| 20 | 2y d 4X4 o | 148 o
iy 264 a8 11 28.2 | +34 52 ) 151 | +73 | 115 | +14 | d 4X3 82| o 14. 3 16,71 o5
b —15 | —13 ' d 3X3 o 15.3
(4 -7 | — 2 d 3X3 o 15.6
265 a 11 28,4 | +33 11 158 | +74 | 116 | +12 | 4 3X3 . o 14.3 16.6 | 1.7
b —2 |+ 2 d 3X3 o | 14.3
266 a | 3737 | 11 30,0 |+55 31 110 | +59 | 110 | +34 | d 3X3 05| 14.0 6.1 | 1.9
- b ‘ — 6 | —10 d 3%3 o | 14.8
267 a 11 30,2 [ <433 52 154 | +74 | 116 | +13 | ho 10X 3 141 | © 14.1 16.7 | 0.9
b -19 | — 4 : d 3X3 o 15.6
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=i
)
icl
fNo | NGC| o0 dip0 |datcosd| A8 | 1 b L | B | Type | axb | @ | ¢ | m |mgyy| m | @
() ’ . 3
268 & 1173178 | +39° 49 - 135°| +72° 114°|-+418°] 'd. 6X6 o | 13M8 16M9 | 1°3
o |-+ g9 ' h, 7X2 50°| o 14,0
269 8 : 11 32,0 |+ 3 24 234 | +61 121 —17 ]| e 8x8 I 14,1 16,7 | 0.7
| -8 |+ 4 d 6X%6 o | 143
270* a | 3769 | 1T 32,3 +48 28 . 118 | +65 | 112 | 427 | v 27X 5 150 | 5. | 12,3 | 1275 | 16.9 | 1.4
b +10 | — 6 d—h, 5X2 106 | 0 4.1 : .
271 a | 3784 | 1T 34.2 | +26 52 180 | +95 | 17| + 6 e—he 9X 4 '139 L 14.3. 17.2 | 1.4
b | 3785 g + 8| —'5 h 1IX5 20| 6 |14.5 ‘
272* a | 3788 11 34.5 | +32 29 158 | +75 | 116 | +12 | h 17X4 | 173 12.6. 16.5 | 2.4
b | 3786 : — 4 | —15 g 12X7 | 64 13.2
¢ | 3793 +46 | —10 ] e 2X2 ‘ 15.5 ‘
273 a | 3801 | 11 35.0 [ +18 17 210 | +92 | 119 | — 1 |'e—hs | 11X5 | 115 | 1 | 13. 4 16,0 | 2.7
b | 3802 + 4 | +23 ho 12X3 92 | o 13.8 .
273’ a | 3801 ]| 11 35.1 | +18 17 | 210 | +72 | 119 | —1]e 10X 8 126 | I 13. 4 16,2 | 3.1
b | 3802 4+ 5 | 423 ' 3 9X6 84| 1 | 141 !
274 8 11 358 [+ 2 19 237 | 460 | 123 | =18 | d 4%4 co'.| 14,9 16.3 | 2.5
B I B A O ol ¢ . d 4% 4 o | 1s5.0 o
275 & 11 36.4 | +16 32 214 | +71| 120 | — 4| ho 10X3 19 | 0o5.] 13. 9 15.7 | 2.4
b ' : +29 | + 5 d LIXT 051 13.6
3 ) —10 o . L d 4X4 05| 14.7: i )
276 a 3815 | 11 36,4 |+25 21 , 187 | +75 | 118 | + 6] e—ho | 15X5 66 | 1, | 14.0 16.9 | 3.0
b | 3814 | —290 |+ 3 B : e—h, 5X3 160 | 1 }15.0 -
277 & 11 36.4 | +26 26 182 | +76 | 118 | 4+ 7] e 3X3 1 15.3 | 17.2 | L9
‘b _ ) — 1|+ 5] ‘ e=—h, 5X2 "8 1 15. 4 »
278 a 11 36.8 | +32 34 . Co 158 | +75 | 117 | +12 | d—ho 8X3 118 | 0 14.1 16.4 | ‘2.5
b ' -2 | =7 RN d 2X2 o’ 15. 4
279 & 11 36.9 | +26 32 . - 182 | +76 | 118 | + 6| h—ho | 6X2 21 | I ?5.0 17.2 | 1.9
b ' +5 | =2 ' ° 2X2 1 |54 ‘ :
280 & 11‘37‘0 +26 35 X . 182 | +476 | 118 | + 6| e 4% 4 2 15.0 '17.2 | 1.9
b J + 9 | —12 ‘ 1o a 2X2 o |56 e ,
281 & 11 37.2 | +18 53 \ 209 | +73 | 119 | = 1| ho 15X 4 159 | 0.5]13.2 16.5 [ 2.3
b ‘ +13 | —15 d 3Xz | 160 | o | 153 '
282 & 11 38.4 |+ 3 57 236 | +62 | 123 | —16 | d 6X4 10| 05| 14.3. 16.3 | 2.5
b + 8 | +17 ' e 3X3 o |1s0 v
283 a 11 38.7 | +26 44 182 | +46 | 118 | + 7] d L 6X4 138 ( o |.15.3 17.2 1‘.'9‘
b - — 3 | +13 ‘ -a 5X5 o | 154 i
284 @ 11 39.1 | +20 47 . | 205 | +74| 120 | + 1| @ 6X6 I 14. 5 16.7| 1.0
b : —2 | =35 , |e 4%4 | 147 :
235, & | 3860 | 11 30.6 | +20 21 206 | +494 | 120 o| g—h 12X5 41 | 2 | 13.9 16.7 | 1.0
b, ‘ ‘ —4 | —14 , 1h 13%X3 | 168 | 4 | 14.8
286 & 3863 | 1130.9 [+ 9 1 , 230 [ +66 | 12z | —11.| ho 22X 4 70| 1 | 14.0 16.1 | 2.0
b| L v | =22 |+ 09 d 3X3 o |1s513 _
287 o | 3861 | 11 39.9 |20 32 206 | 474 | 120 ol £ 7%7 5 14. 1 16,7 | 0.9
b . . + 91— 4 ho 7X2 120 |' 0 14.8
288 o | 3867 | 11 40.3 | +19 57 207 | +74 | 120 ol g—h | 1xx4 |176| 3 | 14.1 16,7 | 1.1
b | 3864 —33 | — 6 e 6%6 1 {152 ,
289 . 3873 | 11 40,6 | +20 20 .| 206 | 74| 120 ol e 3X3 1| 1401 16.7 | 0.8
b38ys | + 8| — 4 g—h 12%3 go |10 | 14.5 '
290 a IT 40.8 | 421 o 204 | +95 | 120 [ + 1] d 4%X4 05| 14.6 16.7 | 0.6
b 4+ 1l -6 ! d 3X2 128 | o 15,2 :
17 —31622.
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. 130 CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES
i<
= e I e I I e e e e e I e I e e I IS
- No NGC %1000 bi900 |docosd| 46 l b L B Type axb ¢ ¢ m  mga.|l m d
™~
E: 291 & 11"41"0 | —18° 16 251° | +42° 129°| —37°| d—ho 9X 4 177°| o 1476 160 | 2°2
=t b o | —13 d 5X5 o |15.2
202 a 11 42.8 | +38 o.p 136 | +74 | 116 | +17 | e 2X2 1 14.7 17.0 | 2.1
b + 5 + 6 d—h, 3X15 | 175 | 0 14.9
2903 a | 3893 | 1T 43.4 | +49 17 ' 114 | +66 | 113 | +28 | w$S 35X21 {179 | 6 11.1 | 11%0 | 17.0 | 1.X
b | 3896 +33 | —20 L e 5X5 1 13.9
204 a | 3804 | 11 43.4 | +59 59 103 | +57 | 110 | +39 | g 9%5 20| 3 | 133" ‘] 16.3| 0.3
b | 3895 +17 | +12 d 6%X6 0.5 | 14.0
205 a | 3907 | 11 44.4 |— o 32 243 | +59 | 126 | —20 | e 4%X4 1 14.1 16.2 | 2.8
b —17 [+ 1 ho 12X 4 73 | 0.5 | 14.2
296 a | 3913 | IT 45.1 | +55 54 106 | +60 | 112 | +35| d 5X5 0.5 | 14.0 15.8 | 1.3
b —11 | +13 ! d 4%X4 o 14.8 -
297 a i1 45.2 | +51 5 IIx +65 | 114 | +30 | e 5X5 I 14.5 16.6 | 2.9
b -6 |+ 8 d—h, 5%X3 161 | O 15.0
c -2 | — 4 e 3X3 1 15.0
M4 1ae 1o 208 & I1 45.6 | +46 22 117 | +69 | 115 | +26 | ho 13X3 731 0 |13.9 16.8 | 2,1
A b -3 |+ 3 d 3X2 1| o0 15.0
209 a 11 46.5 | +49 2 113 | +67 | 115 | +28] d 4% 4 o 15.1 " 17.0 | 1.2
b o|—7 d 2X2 o 15.7
300 a | 3930 | 11 46.6 | +38 34 133 | +75 | 117 | +18 | g 30X 20 20| 05| 12. 9 17.2 | 1.2
b +33 | + 5 d 2X2 [ 14.9
301 a | 3049 | IT 48.5 | +48 25 112 | 467 | 115 | +28 | g 22XI1 | 127 | 05| 11.5 [ 11.6 | 16.9 | 1.3
b | 3950 — 2 | 416 d 2X2 o 15.7
302 a 11 50.2 | +33 41 150 | +78 | 119 | +14 | e—g 8x3 8 | I 14.8 16.9 | 2.3
b —13 | +13 ho 8Xz2 155 | © 15.1
L, fn vied 303 a 11 50.4 | +46 47 115 | +69 | 116 | +27| d 4% 4 o |14.8 16.8 | 2.2
¢ ‘ b 43|+ 2 ) d=ho | 4X2 74| 0 |150
304 a | 3972 | 11 50.5 | +55° 52 104 | +61 | 113 | +35 | ho 35X7 116 | 0.5 | 12.7 15.9 | 1.0
b | 3977 +30 | +45 d 4%X4 o 14.0
305 a | 3976 | 11 50.8 |+ 7 18 238 | 466 | 126 | —13 | s 40X9 53| 4 12.5 | 12.4 | 17.4 | 1.7
b +15 | —45 d 4X3 141 | 0 15.3
306 a | 3978 | 11 50.9 | +61 5 101 | +56 | 112 | +40) 4 6X6 0.5} 13.2 16.2 | 1.4
b | 3975 —20 | + 3 d 5X5 o 15.2
307 a 11 51.4 |—19 © 255 | +42 | 133 | —37 | d—ho | 10X5 33| o 14.2 15.9 | 2.6
b + 4 |+ 6 d 5X5 o 14.5
308* a | 3993 | 11 52.5 | +25 48 190 | +79 | 122 | + 5] he 16X 4 136 | I 14.7 17.4 | 1.9
b | 3997 : +23 | +19 . ve 16X 4 93| 8 14.3
c | 3987 —40 |.—29 h 25X4 581 4 | 14.5
d | 3989 —27 | — 5 d 5X4 | 123 0o ]153
309 a | 3995 | II 52.6 |+32 51 I51 | +79 | 120 | +13 | V 20X 7 36| 1 13.3 | 12.9 | 16.7 | 3.0
b | 3994 | —17 | —11 e 5%X4 13| 1 13.7
c | 3991 —32 | +25 ho 13X3 27| o 14. 1
310 a | 3998 | 11 52.7 |+56 1 04 | +61 | 114 | +36] g 10X7 139 | 8 11.8 | 11.6 | 15.9 | 1.1
b | 3990 —30 | + 1 N g 6X3 41| 2 |13.3 ’
311 & 11 52.8 | +36 58 135 | +76 | 119 | +17| d 6X6 o 13.9 17.0 | 2.3
b + 4| =5 e 3X3" 1 14.9
312 & | 4004 | 11 53.0 | +28 24 175 | 499 | 121 | + 8| vS 20X 4 20| 3 13.7 17.5 | 0.9
b —31 | — 7 e 3X3 1 14.8
me 2263977| 313 @ Te ] 11 53.4 | +43 18 119 | +72 | 118 | +24 | d(w?) | 15X15 o 12.4 | 13.2 | 15.9 | 1.3
b ILe 750 +35 | — 6 h—h, 8X2 411 o511 12.9 ] 13.0
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. CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES 131
e o RS B SRR Py Bl S S s S S-Sk Evor i e At SOt i Bven e
E: No |NGC| @00 di000 |decosd| A6 | 1 b L | B | Type | axb | ¢ | ¢ | m |mgy,| m | d
™~
E: 314 a | 4010 | 11"53™4 | +47° 48’ 112° | +68° 117°| +27°] ho 34X 4 61°| o 1275 16m8 | 2°1
=1 b | 4001 —53 |+ 44 e 3X3 1 15.0
315 & II 54.1 |+35 8 141 | +78 | 120 | +15| h 8X2 138 | 3 14.8 17.1 | 0.9
b + 4 |+ 11 d—h, 5X2 140 [ 0.5 ] 15. 1
316 a 11 54.5 |+27 7 183 | +8 | 122 | + 7] e 9Xg I 14.9 17.5 | o.5
b +10 |~ 6 d 5X5 0.5 ] 16.2
317 & 11 56.0 |+ o 40 247 | +61 | 128 | —17] d 5X5 05| 14.8 16.2 | 3.0
b -5 |+ 8 d 5X5 05| 14.9
318 a II 57.2 | +30 24 164 | +80 | 122 | +11 | k 17X 4 68 | 3 14.3 17.1 | 2.8
b —42 |— 9 e 7%X6 8| 2 14. 5
319 & 11 57.4 | +29 4 171 | +81 | 122 | 410} d—ho 5X3 of| o 15.5 17.4 | 1.5
b o |— 11 d 2X2 o 15.8
320 & | 4045 | II 57.6 | 4+ 2 31 246 | +63 | 128 | —16 | £(t?) 25X 25 11 13.1 | 1278 | 16.2 | 3.0
b o |— 16 d 5X5 ) 14.8
32I & 11 57.6 | +39 39 124 | +75| 119 | +10 | 4 6X6 ) 14.3 17.1 | 1.3
b + 1 |+ 10 d—h, 6X3 143 | 0 15.1
322 a II 59.1 | +15 4 231 | +74 | 125 | — 4] d 5X4 17| o0 14. 8 17.1 | 3.0
b +2 |+ 7 d 4% 4 05| 155
323 a 1I 59.6 | +31 45 156 | +81 | 122 | 412 | f 7X7 3 4.1 16.1 | 3.1
b + 4 — i d 6X6 o 14. 8
[ +5 |+ 9 d—h, 8% 4 148 | o 14.9 )
324 a 12 0.1 |4I1I II 239 | +71 | 126 | — 7| d—he | 11X5 30| o 15.6 | 16.3 | 16.9 | 3.3
b | 4082 — 3 |+ 19 d 8%X8 05| 14.5 | 15. 4
c | 4083 + 6 |— 18 d—he | 1I1X7 34| 05 14.6 | 15.6
q3tq | 325 @ 12 0.2 | +18 26 224 | +77 | 125 | — 1| d 1IX8 150 | 0.5 | 13.7 15.9 | 3.1
b — 1 |+ 21 d—h, 8%4 8 | o 14.0
.4 | 326* a | 4088 | 12 0.4 |+5r 6 105 | +66 | 117 | +31 | vS 50X 15 52 | o 11.1 | 11.2 | 16.1 | 3.1
b | 4085 —18 | —114 h, 22X 3 76 | 0.5 ] 12.8 | 12.8
326’ a | 4088 | 12 0.4 |+51 6 105 | +66 | 117 | +31 | vS 50X 15 43 | o5 1.2 | 1x.2 | 15.9 | 4.1
b | 4085. —10 | —113 ho 2I1X6 72 | 0.5] 12.6 | 12.8
327 a 12 0.6 |+ 9 33 241 | +69 | 127 | + 1| d—h, 8X5 68 | 0.5 | 14.5 17.2 | 2.6
b —16 |— 2 d—h, 6X3 147 | 0.5 | 15.2
328 a 12 0.7 |+31 39 ' 156 +81 | 122 | 412 | d 5X5 [ 14.9 16.2 | 3.0
b -1 |— 12 d 6X4 52| o 14.9
329 a° 12 I.0 | +28 47 172 | +81 | 123 | +-9| g 7X2 102 | I 14.6 17.4 | 1.9
) b + 1 |+ 11 he 7X2 | o 1 14.7
330 a 12 I.I |+ 8 25 242 | +68 | 127 | —10| d 6X6 o 15.5 17.2 | 2.7
b -7 =1 d—h, 5X3 178 | o 15.5
Yy jpad | 331 & 12 1.1 |+433 27 145 | +80 | 122 | +14 | d 4X4 o 15.3 16.4 | 2.2
HNL 1630 b -5 |=— 1 d 4% 4 o 15. 4
332 a 12 1.8 |+25 33 194 | +81 | 124 | + 7] d—ho 5X3 38| o5] 151 17.2 | 2.6
b + 7= 4 d—h, 5X3 123 | 05] 15.3
ez‘l(.zq{ 333 & | 4111 |12 1.9 |+43 38 114 | +73 | 119 ‘+24 h 35%X4 149 | 7 11.4 | 11.6 | 16.0 | 0.3
b | 4100 —20 | — 44 d 5X5 o 13.6
e 0637+ 334 & | 4117 | 12 2.6 | +43 41 113 | +73 | 119 | +24 | g 6X4 4| 05] 134 16.0 | 0.5
S b | 4118 +14 |[— 8 d 4%X4 o 14.9
e rih ] 335% a | 4125 | 12 3.0 | +65 44 .96 | +52 | 111 | +45| 8 18X 8 79 | 13 12.3 | 11.3 | 16.0 | 1.9
b | 4121 - —I11 |— 36 d 3X3 o 14. 1
336 a 12 3.2 |+12 51 238 | +72 | 127 | — 6] d 8x8 05) 152 | 16.8)16.9| 3.3
b 5 |— 4 d 5X5 0511551 16.9
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e 132 CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES
= .
< ‘ - -
lé: No | NGC| . ‘@190 B1000 |dxcosd| A6 ! b L B Type axb 9| ¢ m o mge | M qd
=1 )
thlsong,’ 337 a | 4128 | 12" 376 | +69° 20 95° | +49° 109°| +448° h 20X 4 71° 6 | 1376 | 12%9 | 1677 | 275
ME 31247 b — 16 |+ 12 d 2X2 ‘ o | 154 .
me 27639 -1 338 a 1z 3.8 |+42 18 115 | +74 | 120 | 422 | d 8x8 0.5( 13. 4. 15.9 | 1,6
S\ o - b — 17 |— 14] . . d 2X2 o | 14.7
339 o | 4132 | 12 3.9 | +29 49 165 | +81 | 123 | +10| e—g 8X5 10| 2 14,6 | 7.1 | 2.9
b | 4134 +21|— 45 | h—h, | 16X3 149 | 2 | 13.7
e | 4131 —33|+ 33 , e 6X6 3 | 14.3
Ko fone 340 & 12 4.4 | +26 47 186 | +82 | 124 | + 8| g 18X12 | 80| 2 | 14.4 | 17,3 | 2.4
meaas i ey | b : — 18 |— o : e 1 5Xs 1 | 15.0
341 a 12 4.6 |+37 1 o 128 | +98 | 121 | +17 | A 6X6 o 14. 4 16.7 | 2.9
B ) 4+ 21 |— 17 d—h, 8X4 -['175 | 05) 14.7
342 a | 4145 12 5.1 +40 27 118 |'+96 | 120 | 421 | w8 50X 35 97 | 1 11.8 12,2 | 16.0 | 2.9
b +101 | — 82 d—h, 8X4 94| 0.5]14.4
o ' 343 a u,p”'f’ 12 5.4 | +59 21 o8 | +58 | 114 | +30) d 6X6 <) 13.5 15.3 | 2.2
i) “L 1’7‘.»%’8"{ b ! — 10 |~ 12 d 4%X4 o | 13.6
: . c -~ 5 |— 6 L : d . 3X3 o 13.7
H'q?“*—]ﬁ 344 8 12 5.5 | +18 26 229 | +78 | 126 o d 4% 4 ‘o 14.3 16.1 | 2.7
' b I B o (- § 4 ‘ } d—h, 5%X3 170 | o | 14.3 _
345* a 4151 | 12 5.5 +39 58 ' 118 | +76 | 121 | +20 | 8(?) 30X15 | 110 | 18 12.1,| 11.2 | 16.0 | 2.8
b | 4156 i + 35 |+ 41 g 10X 4 79| 2 | 14.2 )
345 a | 4151 | 12 5.4 |+39 58 ol 118 | 496 | 121 | 420} g 28X20 | 129 | 13 | 12.1 | 11.2 | 16.8 | 2.9
b | 4156 + 30 [+ 44 d—h, | 10X6 85| o.5] 13.7
[ + 88 |+ 5 . . d 9X9 o 14.6
346 a | 4173 | 12 7.1 | +29 47 164 | +82 | 124 | +10| ho 35X 8 134 1 13.5 16.7 | 3.6
b | 4175 + 24 |— 23 d—h, | 13X6 130 | I 14.0 .
Meapang -|-347 & | 4187 | 12 8.4 +51 17 102 | +66 | 118 | 432 | e 3X3 1 14. 4 16.3 | 2.7
Me30147 b — I |+ 10 . d 2X2 o | 153
. 348 a | 4192 | 12 87 |+15 27 238 | +75 | 128 | — 3| 8 - 70X20 | 150 | I 10.9 | 11.4 | 17.5 | 0.6
b + 47 | —105 d 5X5 o5 14.3
‘ ¢ — 53 |— 79 } d 4X4 o |51 )
(349 & 12 8.7 |+57 42 99 | +60 | 115 | +37 | d—~ho | 13%X8 | 32| o | 13.2 '15.2 | 2.6
v_Y\S m.uwgg b ‘ +16 |— o a 5X5 o |30 ‘
' ‘ 350 a 12 9.0 (+35 35 129 | 80 | 123 | +16 | d—ho | 10X4 71 | o | 14.9 16.5 | 2.0
b + 20 [+ 7 . B d 2X2 o | 154
351 a | 12 9.6 |+13 53 242 | +74 | 128 | — 5] e 6X4 | 162 I 14.7 | 16,2 | 17.4 | 1.6
b R A £ T I ) _ d 4% 4 o | 154|168 ,
Coomenoian | 352 a 12 10.5 | +51 54 tor | +65 | 118 | +33 | ho 12X3 4| o] 13.6 16.1 | 3.2
CONE Mgy | b — 28 |+ 11 ) , d—ho 5X3 29| o | 14.8 )
: 353* a | 4216 | 12 10.8 | +13 43 243 | +74 | 128 | — 5| h(@E? 75%X9 9| 8 109 |13 |17.4]| 1.7
b | 4206 | -~ 91 |— 79 h—ho | 45%X4 8| 1 |12.5 | 13.9]" :
¢ | 4222 | - + 71 |+ o7 ho 25X 4 55| o |13.3| 14.2]
d C 1 =101 |4 18 i e 6X4 84| 1 | 14.4 | 15.4
e 38758 354 8 | 4217 | 12 10.8 | +47 30 1004 | +70 | 119 | +28 | p 45X10 | 48| 1 | 12,0 | 11,9 16.5| 1.3
b | 4226 E + 63 |— 37 : g—ho 8Xz2 120 | o0.5] 13.6
355 o | 4227 | 12 11-51',.:'_*!'-34 5 133 | +82 | 124 | +15{'¢ 8X3 | 77|13 | 14.1 16.6 | 0.5 -
b | 4229 + 11 |+ 24 2 5%X2 156 | 3 | 14.7
M opgab-356 & | 4231 | 12 11,9 +48 3 103 | 469 | 119 | +28] d 4X4 o 13.8 16,6 | 0.9
‘ b | 4232 o |— 11 g 7%X3 157 | 1 14.0
mesonh | 357 a | 4236 | 12 12,0 [+y0 2 94 | +48 | 109 +49 rS 150X 40 | 161 0.5] 10.9 | 1¥.3 } 16,9 | 1.5
Mme o128 b + 42 [+ 79 | d 4% 4 o |51
358 &| 4234 | 12 12,1 |-~ 4 15 253 | +65 | 131 | —14 | d 10 X 10 05]| 12.4 | 13.0] 16,0 | 2.9
b : — 18 = 3 d. 3%X3 o | 14.8
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CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES 133
! B
£ No | NGC | . a0 1000 |decosd| 46 | I | b | L | B | Type | axb | @ | ¢ | m |mgy| m | d
! . K .
T%59 & | 4235 | 12P12Pr | + 7° 45 ‘251° | +68° 130°| —11°] h 40X 4 49°| 8 1272 | 1278 | 1674 | 0°6
b | 4246 “+F122 [ e—ho, | 18X%9 78| 1 12.7 | 14,0
C | 4247 +120 | +51 g 10X 4 o| 3 14.0 | 15,0
360 &° 12 12. 4. | +12 57 245 | +74 | 1290 | — 6| ho 25X 5§ 27| 05| 14.3| 15. 4| 17.2| 2.5
b — 64 | 40 he 20X 3 173 | 1 14.2 | 15.3 |
c — g1 | —60 e—h, 5X3 56 | x 14.8
361 - a 12 12.7 +13 [ 236 | +78 | 128 ol g 12 X9 170 | X 14.0 17.2 | 2.9
I ~ 13 | +21 ' d 5X5 o |157
2623 2362 a 12 13.2 | +44 44 106 |'+72 | 120 | +26] e 5X5 T 13. 4 157 2.6
37709 b P < | a A
me 26207 1 3 } 3X3 o 14. 4 _
: * a | 4258 | 12 14.0 | +47 52 | . 102 | +69 | 120 | +29 rS 100X40 | 152 [ 6 9.8 | 10.2 ]| 16,6 | 0.9
b | 4248 —117 | +62 ho 14X3 102 | 0 | 132
364 a 12 14.4 | +17 48 239 | +78 | 128 | ~ 1] e 10X7 | 146 | 1 147 17.2 | 2.5
b — 13 {+ 6 d 4% 4 o | 16.0 ' '
365 a | 4269 |12 14.7 |+ 6 35 253 | +68 | 131 | —12 | € 2X2 L1 13.6 | 14.3 | 6.4 | 0.7
b. - 9| -6 d—h, 4X2 24 | 05 14.2 | 15.6
366 -a | 4291 | 12-14.7 | +57 17 ‘ 97 | +61r | 116 | +37| d 6X4 179 | o 13. 4 15.3 | 2.4
2R b| ' o |+ 5 . d 4X4 o 13.5 } '
( 367 a 12 :4'28 +36 5 ) 122 | +80 [ 124 | +17| ho 14X 4 18| 05 ]14.8 16,3 | 2.5
”"”"’{I“) b — 23 | + 2 d 4%X4 o ‘.15.1 :
{ ¢ - 23 o ) d 4% 4 o 15.1
368% a | 4273 | 12 14.9 |+ 5 54 253 | +67 | 131 | —12 | g 17X8 71 5 |12.2 | 12.2]16.3]| 1.3
b | 4281 + 64 | +27 g 14X 4 85| 8 12.5 | 12,2 :
¢ | 4270 — 18 | 474 g 12X3 | 106 | 5 13.2°| 12,8
d | 4268 —22.| —37 h 10X 2 40| 5 13.7 | 13.8
e | 4259 —-— 86 | +17 e 3X3 I 13.8 | 14.9
| | 4277 + 20 | — 1 a 4X4 o 13.9 | 15.6
3 — 49 | +32 d 3X3 o l14.5) 158
369 a | 4278 | 12 15.2 | +29 50 157 | +84 126 | +11| £ 20X 20 5 1.7 | 11.6.| 15.6°| 3.9
b | 4283 + 31 | +20 d 9X9 05} 12.8 | 12.8
370 a 12 15.6 [— 6 25 | 250 | +56 | 135 | —24 | ho S 15X 4 138 | 1 15.0 16.8 [ 2.6
b = 34 | +25 d 5X%5 0.5 | 15.3
iy | 371 & | 4288 | 12 15.7 | +46 51 102 | +70 | 120 | +28 vS 10X 7 179 | 0.5 | 13.3 16,5 | 2.0
b + 4 | —22 d 3X3" o 15.0
g 372 8 12 15.9 | +28 32 173 | +85| 126 | +10| d 7X7 0.5 | 14.7 16,6 | 2.9
h b + 2| —6 , d 6X6 05| 14.7
373 & 4290 | 12 16,0 | +58 39 96 | +59 | 136 | +39] d 12X8 25| O 13.3 | 12.7 | 15,5 | 1.2
0LHY b | HagY — 47 | — 2 d—h, 8X4 83| o 14.0 :
w1l 374 & , 12 16.1 | +40 26 110 | +77 | 123 | +22| d 4% 4 05| 14.1 16,4 | 1.1
" b + 6 | +15 e 4% 4 1 14,2
i c - 1 | +z20 e 4% 4 1 14.2
375 a | 4202 | 12 16,2 |+ 5 o9 | 255 | +66 | 132 | —13| 8 10X 4 1] 2 13.7 | 14.4 | 16.2 | 2.1
b . . : o | +22 14 4%4 05| 14.9 | 16.6
376* a | 4204 | 12 16.3 | +12 4 250 | +73 | 130 | — 6] ho—v | 30X28 | 152 | 2 11,8 | 13.0 | 16.8 | 3.5
b | 4299 + 58 | — 3 : a 13%X13 05 | 12.0 | 13.1
377* a | 4208 | 12 16.4 | 15 10 246 | +96 | 129 | — 3| ¢S 32X13 | 124 | 3 11,6 | 12.5 | 17.4 | 1.3
b | 4302 . + 23 | — 5 he 50%X6 178 | 1 12,0 | 13.2
378 a 12 16.5 |+ 5 20 | 255 | +66 | 132 | —13| d 3X3 05| 14.2 16.3 | 2.0
b ‘ + 3| —1 ' d 4%4 o | 143
379 & | 4303 | 12 16.8 |+ 5 2 255 | +66 | 132 | —13| we 35X 35 4 10.4 | 10.4 | 16,2 | 2.3
b| + 81 | +57 ' f 10X 11 1 |13.5] 14,0
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i 184 CATALOGUE OF DOUBLE. AND MULTIPLE GALAXIES
c
ic!
,'f: No | NGC| ;900 Oi900 |docosd| A6 l b L B | Type |- axb ) c m | mgae] ™
&
pat 380 a | 4307 | 12" 1770 | + 9° 36" 252° | +71° 131°| — 8°] ho—i | 30X6 19°| 1 1272 | 13%0 | 16™1
b + 4 |— 32 d 7X7 o | 14.6 | 16.4
381 a | 4305 | 12 17.0 | +13 18 ’ 249 | +74 | 130 | — 5| h(r?) | 17X9 30 3 13.5 | 14.0 | 17.2
b | 4306 . + 1 |+ 29 o ] 8x8 1 14.0 | 14.3
382 a | 4309 |12 17.1 |+ 7 42 ' 253 | +69 | 132 | —10| g "10X4 76| 3 13.6 | 14.4 | 16.4
b + 6 |+ 15 d 3X3 "'l os5] 153
M %0797 383 a 12 17.1 | +51 37 99 | +66 | 119 | +33| d° 7X7 0.5} 14.0 16. 2
Ws Mg?ﬂna'? b - 9 |— 12 d 2X2 o 15.2
384 a 12 17.4 |— 4 6 259 | +58 | 135 —21 | ho 21X 5 105 1 |13.4 16.9
b + 71+ 5 d 3X3 o | 14.9
385 a | 4313 |12 17.6 | +12 22 | B 250-| +73 | 131 | — 6| h 32X7 139 | 2 | 12.6 | 13.3] 16.9
b + 7 |+ 42 e 5%X5 1 15.6
386 a 12 17.8 |+ 7 14 255 +68 132 —11 | he 10X3 50| 05| 14.1 | 15.4 | 16.4
b ) — 36 |— 4 _ ho 18X 4 37| o5]14.5]| 15.2
387 a | 4321 | 12 17.9 | +16 24 245 | +77| 129 | — 2| wS 60 X 60 3 10.5 | 10.8 | 17.4
b | 4312 — 56 | —171 ho 37X6 171 1 12.1 | 13.7
c —187 | — 54 e 10X 10 1 14.0
d + 63 |+ 3 d 5X5 o | 14.2
e — 8 |— 57 d 5X5 o |14.7
f + 17 |+ 51 d 5X5 o | 14.7
g —146 | —114 d 6X6 o | 14.9
388 a | 4324 | 12 18.0 |+ 5 49 256 | +67 | 132 | —12 | g 9X4 50 2 12.5 | 12.5 | 16.3
b — 5 |— 10 d 2X2 o | 14.9
389 a | 4336 |12 18.1 |+20 o 237 | +81 | 128 |+ 2] d 10X9 158 | o0.5]| 12.4 | 14.0 | 16.0
b + 7 |+ 16 d 6X4 27| o | 14.8
390 & | 4344 | 12 18.6 | +18 7 242 | +79 | 129 ol d 12X 8 65 | o0.5] 13.5 | 14.1 | 15.4
b | — 23 |— 11 d 5X5 o | 150
391 & | 4350 | 12 18.9 | +17 17 245 | +78 | 129 | — 1| h 23X6 27 2 12.0 | 12.0 | 17.2
b | 4340 — 56 [+ 16 g 25X17 | 101 | 13 12.8 | 13.0
391’ & 4350 | 12 18.9 | +17 16 245 | +78 | 129 | — 1| h. 17X6 29 2 11.9 | 12.0 | 16.4
b | 4340 : — 57 |+ 20 f 20X 20 28 | 12.7 | 13.0
392 a 12 19.1 |+ 7 10 256 | +68 | 132 | —1x | € 5X5 1 13.4 | 14.2 | 16.3
b o |+ 5 ' d 2X2 o |1s5.0 :
393 & | 4360 | 12 19.2 [+ 9 50 254 | +71 | 132 | — 8| e 6X6 1 |13.0|14.2 | I5.9
b - 17 |— 17 d 4% 4 o |14.1]154
394 a 12 19.7 [+ 5 31 257 | +67 | 133 | —12 | d 3X3 o0.5] 14.8 16.2
b + 8 |— 4 d 2X2 o | 148
395 & 12 20.1 | +16 41 247 | +78 | 130 | — 1| d 4%X4 o 15.1 | 16.7 | 17.2
b + 28 |+ 3| g 8%4 | 3| 1 |14.7] 155
c - 4 |— 17 d 4%X4 o 15.5 | 17.0
396 a 12 20.3 [ — 6 41 261 | +55 | 137 | —24 | h 7X2 168 | 3 14.5 17.0°
b 1+ 9|+ 1 d 3%X3 o | 157
397 a | 4382 | 12 20.4 | +18 45 242 | +8 | 129 | + 1| g 45X 20 15 | 34 11.5 | 10.5 | 16.7
b | 4394 + 74 |+ 12 h 19X4 | 143 |11 | 13.3] 12.2
397 a | 4382 | 12 20.3 | +18 45 242 | +80 | 129 | + 1| g 45X 30 0|13 | 11| 10.5] 16.5
b | 4304 | + 75 |+ 16 f 30X 30 10 | 12.4 | 12.2
398 a 12 20.6 [ +16 23 247 | +77 | 130 | — 1| d 6X6 o | 14.8]|16.4]17.3
b - 1 |+ 12 d 7X7 o | 155|175
Mo gais, | 399 & 12 20.8 | +46 37 101 | 471 | 122 | 427} d 3%X3 o | 14.8 16. 4
e 2§81 b - 71+ 2 d 2X2 o | 150
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' CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES 135
i
I_:W
1! No | NGC| aie00 61900 |deacosd| A6 ) b L B Type axb o | ¢ m | Mg m d
2
E"I h,om, ° 4! o o o ° of m ™, m, °
4400 & | 4396 | 12"20%9 | +16° 14 . 249° | +77°| 130°| — 2°| h 30X6 127°| o.5] 1274 | 1376 | 16™2 | 3°6
b |l =62 |— 1 : d 8x8 o | 151
a 12 20.9 | +46 27 : 101 | +72 | 122 | +27| d 6X6 o | 14.3 . 116.3| 2.7
b v + 26 |— o d—h, | 83 | 9| o | 14.4
. a | 4403 | 12 21.0|— 7 8 262 | +55| 137 | —24 | h gX2 27| 4 13.9 1720 | 1.9
b | 4404 + 9 |+ 4 e 5X5 1 | 14.1
403 & | 4406 | 12 21.0'| +13 28 253 | +74 | 13t | — 4] g 35X25 | 140:| 18 | 11.1 | 10.9 | 17.1 | 3.0
b | 4374 ,"168 | — 42| g 25X20 | 140:| 10 | 11.1 | 10.9
c | 4388 R — 60 |—173 h—v 40X 7 8| 5 11.7 | 12.2
d | 4402 — 14 [+ 99 ho 35X 7 8 | o |12.1 13.4
e | 4425 +154 | —125 h 30X6 23| 4 | 12.3] 13.1
f | 4413 + 58 [ —z202 : g 15X 12 44 | 2 12.3 | 13.8
g ‘ + 93 |[+143 d—ho | 11X5 170 | o | 14.3 | 16.2
h + 27 | +4102 d 4X4 o 15.5
o] 404 & [T3330] 12 21.0 | +31 24 138 | +85 | 126 | +13 : 6X5 95| o 13.; 16.2 | 3.0 £ 1
5 b | + 13 |+ 2 : 5X5 o.5]| 14. [N
405 a 12 22.1 | +16 33 250 | +78 | 130 | — 1] d—ho | 8X3 8 | o |15.2]|16.7]17.1] 2.9
R ) . — 3 |— 50 ho 25X 7 80| 1 13.9 | 15.6
c + 9 |+ 27 d—ho 8X5. | 162 | o.5| 14.3 | 15.7
406 a | 4430 | 12 22.3 [+ 6 49 258 | +68 | 133 | —11 (fl 22 X 22 4 12.2 13.; 16.2 | 2.4
b | 4432 + 20 |— 19 6X6 o5]| 14.3 | 15.
406" a | 4430 | 12 22.4 [+ 6 49 . 258 | +68 | 133 | —I1I ]| g 30X 23 47 | 2 12.5 | 13.4 | 16.7 | 2.8
b | 4432 + 17 [— 17 : d 6X4 177 | 05| 14.3 | 15.8
407 & | 4433 | 12 22.5 | — 7 44" 262 | +54 | 138 | —24 | ho 12X 4 51 1 12,0 | 12.9 | 16.9 | 2.3
b | 4428 i — 27 |+ 68 ho 13X 4 74| 1 12.1 | 13.1
408 a | 4436 | 12 22.6 | +12 50 254 | +74 | 131 | — 5] d 10X 10 05| 14.2 | 14.2 | 16.9 | 3.3
b | 4440 + 32 | — 14 e 10X 10 I 12.9 | 13.2
c | 4431 — 35 | — 18 d 11X9 9| o5]14.1| 14.6
408 a | 4436 | 12 22.6 | +12 53 254 | +74 | 131 | — 5] d 9Xg 05| 14.4 | 14.2]|16.3] 3.4
b | 4440 + 31 |— 14 e 10X 10 1 12.8 | 13.2
c [ 4431 - 37 |— 16 d 9X9 05] 14.3 | 14.6
409 a | 4438 | 12 22.6 | +13 32 253 | +75 | 131 | — 4| r—s 90 X 30 16 | 48 11.8 | 11.9 | 17.0 | 3.2
b | 4435 — 15 |+ 41 d 9X9 o5} 11.9 | 11.8
409" a | 4438 | 12 22.7 [ +13 35 253 | +75| 13t | — 4| h 23X 10 25| 2 12.2 | 11.9 | 16,0 | 4.0
b | 4435 — 14 |+ 44 e 10X 10 1 12.2 | 11. 8
410 a 12 22.9 |+ 6 16 259 | +68 | 133 | —12 | ho 15X3 125 | 0.5] 13.9 16.1 | 2.7
b - 71— 3 h 10X2 117 5 | 14.8
411% a | 4461 | 12 23.9 | +13 43 255 | +75 | 131 [ — 3| h 30X9 15| 3 | 11.9 | 12.4]|16.8 | 3.4
b | 4458 — 14 |+ 34 : f 8x8 1 |12.5( 138
411" a | 4461 | 12 24.0 | +13 45 255 | +75| 131 | — 3| b 22X 10 10| 2 |12.5|12.4}16.0| 3.9
b | 4458 — 15 |+ 36 d 10X 10 05| 12.7 | 13.8
412 & | 4466 | 12 24.4 |+ 8 15 259 | +70| 133 | — 9] d=—ho | 10X4 101 | 05]13.7|14.8}16.3| 3.5
b . + 5 |+ 20 d 4%X4 o | 151
413 a | 4472 | 12 24.7 |+ 8 34 258 | +70| 133 | — 9| g 40X 30 | 168 | 23 10.9 | 10.1 | 16.8 | 2.6
‘b | 4471 — I4 |— 54 : d 2X2 o | 14.8
c | 4467 — 42 |— 6 d 4X3 74| o | 14.9 ]| 15.0
d | 4465 — 58 |+ 15 d 3X3 o | 151|158
413" a | 4472 | 12 24.7 |+ 8 34 258 +70| 133 | — 9] g 40X30 | 163 | 18 10,9 | 10.1 | 16.5 | 3.1
b | 4471 — 24 |— 52 e 3X3 1 14.7
c | 4467 . — 41 |— 6 d 6X4 o| o | 14.6 | 15.0
d | 4465 — 58 |+ 15 d 6X6 o5l 14.9 | 15.8
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v 136 CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES
c
ic!
E: No | NGC| @900 61900 |dacosd| AS ! b L B Type axb | ¢ | ¢ m | M| M d
1
!
L2110 4 414% a | 4490 | 1202577 | +-42° 10’ 101° | +76°| 124°| +24°] ve 45%X22 | 102°] 3 o™8 | 10™5 | 16™0 | 2°8
Mea71ed T b | 4485 - 11 |+ 33 e—h, 11X7 179 I 11.9 | 12.9
415 a }4496 12 26.6 |+ 4 30 261 | +66 | 134 | —13 ] g 40X25 | 45 2 12. 4 }12.0 16.6 | 3.2
b + 4|— 8 d 8X6 | 117 | o.5] 13.4
416 a | 4508 | 12 27.8 | + 6 21 262 | +68 | 134 | —1x ] d 7X6 | 150 | o0.5]15.0| 16.9 | 17.0 | 1.6
b ' + 1]|— 7 d—h, 4X1.5 4| o |16.4
417 a | 4518 | 12 28.1 |+ 8 24 261 | +70 | 133 | — 9| h 5X2 130 | I 14.7 | 14.8 | 17.0 | 1.7
b - 3 |— 11 d 3X3 o | 15.4 | 16.6
417 a | 4518 | 12 28.1 |+ 8 24 26r | +70| 133 | — o] d 5X5 05| 14.6 | 14.8 | 16.6 | 2.8
b — 4|~ 10 d 4% 4 o | 153 16.6
418 a | 4519 | 12 28.4 |+ 9 13 261 | +71| 133 | — 8| g 25%20 {151 | 2 | 12.1|12.6 | 16.9 | 2.0
b — 14 |+ 23 d 4%X4 o |15.1]|16.6
418 a | 4519 | 12 28.4 |+ 9 12 261 | +71| 133 | — 8] r 30X20 [ 145 | 2 12.6 | 12.6 | 16.9 | 2.3
b — 16 |+ 23 d—h, 5X3 28 | o5 15.1 | 16.6 o
r| 419 a | 4534 | 12 29.2 | +36 4 104 | +82 | 126 | 417 ] e 9Xg 12.8 17.5 | 2.3
N\t%ﬂ??'}z b + 6|— 4 e . 3X3 15.0
420 & | 4535 | 12 29.3 |+ 8 45 262 | +70| 134 | — 8] ¢S 60xX40 | 12:] T |11.6 | 11.1}17.0] 1.8
b — 16 |+ 45 d—h, 6x3 | 177 | o5]|14.7 | 16.4
420° & | 4535 | 12 29.3 |+ 8 45 262 | +70| 134 | — 8] S 70 X 40 11 1 11.3 | 11.1 | 16.8 | 2.3
b — 17|+ 47 d 4%X4 o | 150 16.4
421 a | 4540 | 12 29.8 | +16 7 258 | +78 | 132 | — 1| e—h, 12 X7 58| 2 12.4 | 12.9 | 16.6 | 2.8
b + 12|+ 9 e 4X4 I 14.4
422 a 12 30.5 | +12 47 260 ( +74 ( 133 | — 5| h 28X4 | 174| 4 |12.7 | 12.7]|16.8 | 2.2
b + 23 |+ 35 e 7X7 b 12.8 | 13.3
) 423 a 12 30.9 | +28 31 165 | +88 | 129 | +11 | ¢S 100X35 { 145 | 10 | 10.8 | 10.7 | 16.7 | 2.6
2N b +133 | — 57 d 7X5 | 110 | 0.5] 14.7
ray Tahe S e [13 - +132 | —123 d 5X5 o5] 14.9
/ d| ” — 11 |— 18 d 5X5 0.5] 15.5
424 a 12 31.1 |+ 8 5 264 | +70| 134 | — 9] d 7X7 0.5} 15.2 16.6 | 2.8
b + 9|— 3 d 3X3 o |153
425 a 12 31.2 | +17 11 260 | +79 | 132 ol d—h, 8X3 95| o | 155 16.9 | 1.7
b o|l+ 5 ho 6X1.5| 90| o | 15.7
me i 45 | 426% a | 4565 | 12 31.4 | +26 32 217 | +87 | 129 | + 9] o 150X14 | 134 | 6 | 10.3 | 10.7 }16.9 | 1.5
MEn a4 h b ) —100 |~ 84 ho 20X 6 52| 1 |13.9 '
¢ — 98 | +139 d 6x4 | 132 | 0 | 14.3
d — 95 | +179 d—h, 6X3 |140| 0 | 153
427% & | 4568 | 12 31.5 | +11 48 263 | +73| 134 | — 5| 8 35X10 | 26| 2 11.3 | 12.2 | 17.0 | 1.2
b | 4567 . — 5|+ 12 ) . g " 20x10| 77| 05| 11.5]| 12.3
428 a8 12 32.0 |+ 7 29 264 | +69 | 135 | — 9] d—ho 11X4 | 59| 05]14.3 17.1 | 0.4
b - 5|+ 7 d 4X4 o5] 14.5
429 a | 4578 | 12 32.5 | +10 7 264 | +72 | 134 | — 7] 8 20xX15| 39| 18 | 13.4 | 12.5}17.0| 0.8
b — 32 |— 13 d 4X4 o | 154
430 a 12 33.1 | +34 35 104 | +83 | 128 | +17| ho—q | 18X3 |123| o | 14.2 17.7 | 0.7
b + 12 |+ 2 [} 3X3 1 |15.3
¢ - 9 o d 3X2 169 | o | 15.7
d o|— 20 h 10X2 | 103| 3 | 16.0
431 a 12 33.2 |+ 8 22 265 | +70 | 134 | — 8| d—h, 5X3 33| o 15.0 16.6 | 2.8
b - 9|— 6 d 4X4 o | 152
432 @& 12 33.2 | +70 36 91 | +48 | 112 | +50 | d 3X3 o | 15.5 17.0 | 0.4
b - 31— 8 d 3X3 o | 155
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CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES 137

—————————————————
'0. No NGC | 1900 0000 |dacosd axb ¢ m | Mg m d
Q!
9-,-,091.‘ ‘433 a 12"33%9 | +45° 13’ 94° | +73° 124°| +27°] d 3X3 o 1572 6"y | 1°3
27209 b -6 | + 7 d 3X3 o 15.3 .
2104 ¢ —12 | — 2 d 3X3 () 15.3 - aﬂa_{
434 8 12 34.5 | +71 58 91 | +46 | 110 | +52 | d 6X6 [ 14.6 16.9 | 1.7
b —16 | — 8 d 3X3 o 15.4
435 8 |2 34.6 |+17 8 263 | +79 | 133 ol d 4%X4 o 15.6 16.9 | 2.0
b +3 |- d 3X3 o 15. 4
c — 4 | — 1 d 2X2 o 15.4
436* a | 4606 | 12 35.9 | +12 28 266 | +74 | 134 | — 4| & 13X5 40° 2 12.4 | 135 | 16.9 | 1.8
b | 4607 +37 | —14 ho 28X 3 1| o0 12.7 | 14.5:
437 @ 12 36.1 | —12 4 268 | +50 | 143 | —28 | d—h, 14X7 45 | 0.5 ] 13.5 16,0 | 0.9
b +10 | —30 d 6X4 137 | © 14. 4
438 a | 4618 | 12 36.6 | +41 45 93 | +76 | 126 | +24 | w 28X22 | 30| 5 11.8 | 11.5 | 15.4 | 3-9
b | 4625 +31 | +74 [} 12 X 12 2 12.7
439 a | 4615 | 12 36.7 | +26 37 | 248 | 488 | 131 | + 9| ve 18X5 | 112 | 0.5 | 13.8 16.6 | 2.8
b | 4614 —15 | —20 e 5X4 175 | I 14.6
e | 4613 —21 | + 9 d 5X4 | 160 | 05| 15.2
439" a | 4615 | 12 36.7 | +26 38 : 248 | +88 | 131 |+ 9| ve 18X 4 126 | 0.5 | 13.2 17.1 | 2.8
b | 4614 —14 | —17 © 4X4 1 14.3
c | 4613 —19 | +11 e 3X3 I 14.9
440 & 12 37.1 |— 5 I4 269 | +57 | 140 | —21 | d 5X5 0.5 | 14.3 16.7 | 3.0
b +6 +9 e 6X6 T 143
441 a | 4628 | 12 37.3 | — 6 25 269 | +56 | 141 | —22 | v2(?) 11X 4 43 | 2 13. 4 16.6 | 3.1
b | 4626 + 2 | —44 d—h, 11X 4 34 | 05] 13.4
442" a | 4631 | 12 37.3 | +33 6 97 | T85 | 129 | +17 ) q 145X15 | 85| I 89| 9.6]17.7| 1.2
b | 4627 ‘ —15 | +21 g 15%X8 28| 8 13.3
443 a 12 37.3 | +72 22 go | +46 | 110 | +53 ] ho 9X3 129 | O 14.3 16.8 | 2.1
b — 1 | —25 e—h, 6X3 170 | 1 14.3
444 a 12 37.5 | +11 8 267 | +73| 135 | — 5] d ~4X4 o 15.1 17.0 | 1.0
b o |+ 3 d 3X3 o 15.6
445 8 | 4634 | 12 37.7 | +14 51 268 | +77 | 134 | — 2| d—ho 23X8 | 152 | © 12.8 | 13.7)15.5| 3.4
b —12 | +35 ho 21X 7 33| o 13.5
446 a | 4640 | 12 37.9 | +12 50 268 | +75 | 135 | — 3| d—ho 10X5 73| © 14.4 | 15.2 | 16.8 | 2.3
. b +10 | — 1 ho 6X2 81| o 15.6
.}caogﬁ 447 8 | 4644 | 12 38.1 | +55 43 ) o1 | +62 | 121 | +37 | g8—ho 10X3 49 | 05} 13.6 16.4 | 1.6 ZMC%O7¢,7
“£3pgs b +16 o d—h, | 5xz |131| 0 |14.3 >ME ANLTY
448® a | 4649 | 12 38.6 | +12 6 268 [ +74 | 135 | — 4| £ 27X 27 4 10 3| 10.6 | 16.9 | 1.8
b | 4647 - —20 | +19 f 16X 16 2 11.4 | 12.0
448 a | 4649 | 12 38.6 |+12 7 268 | +74 | 135 | — 4| £ 22 X 22 8 |10.2|106]158]| 2.8
b | 4647 —20 | +19 f 20 X 20 2 11.5 | 12.0
(o004t 449 & ‘| 12 39.0 | +44 39 o1 | +74 | 126 | +27] e 3%X3 1 |153 16.7 | 1.6
e 27704 b — I |- 4 d 3X3 o 15. 3
. .| 450 a 12 39.2 | +23 6 267 | +85 | 133 [+ 7] d 6X6 o 14.8 16.7 | 2.6
b +10 | — 2 ho 6X2 27| o 15.4
451 A 12 39.3 |+ 4 57 270 | +67 | 138 | —1r | d 4X4 05| 14.5 16.8 | 2.7
‘ b -6 | —1 d 4%X4 o 14.6
\eiops| 452 & 12 39.3 | +55 28 go | +63 | 122 | +37| e 4% 4 1 | 139 16.4 | 1.6 |MC 50097
3085 b +2 |+ 7] d—h, 4%X2 20| o |14.7 mQ o797
453* a | 4666 | 12 40.0 |+ 0 6 270 | +62 | 139 | —16 | g—h 40X9 39| 3 11.8 | 11.3 | 15.8 | 1.3
b | 4668 +61 | —46 d 10X8 71 0 12.6 | 13.0
18—37522.
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I 138 CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES
i<
=
:%: No NGC €000 O1000 |dacosd| A6 1 b L B Type axb @ ¢ m | mgee| My d
1
&
- 453’ a | 4666 | 12b40™0 |+ 0° 5’ 270° [ 4+62°| 139°| —16°] h 45X7 41°| 7 118 | 113 | 16™5 | 2°9
b | 4668 + 61 | — 46 e—h, 1II1X6 1|1 12.8 | 13.0 |
Me 27 % 454 a 12 40.1 | +56 43 9o | +61 | 121 | +38 ] d—h, 5X2 125 | O 13.9 16.5 | 1.0
AS ML LG % b . — 3|+ 6 d 3X3 [ 15.1
455 & 12 40.8 | +35 38 9o | +82 | 129 | +18 | g . 10X4 81| 2 14.3 17.5 | 2.4
b ' — 14 [+ 25 d 4%X4 o 15.0
-] 456 a 12 40.8 | +66 39 9o | +51 | 116 | +46 | d—h, 10X35 108 | o 14.6 16.1 | 3.8
o 1 b — 12 |+ 4 d—h, 9X5 23 | o 14.9
457 a 12 41.0 | —10 27 270 | +52 | 144 | —26 | d 4X%X3 10| 0 14.9 16.5 | 2.5
b - 2|— 3 d 3X3 o 15.3
Mea110Y 1458 a 12 41.3 | +45 45 8 | +73 | 126 | +28| v 1IX3 131 | 0.5 | 14.6 16.8 | 0.5
Meﬂ-”"/’L b ' + 5|+ 6 d 2X2 o |i1s53
450 & }4676 12 41.4 | +31 14 8 | +87 | 131 | +15 | e—ho 8X5 43 | 1 4. 4 17.2 | 3.1
b — 4|+ 7 d—ho 8Xs5 4| o 14.7
460 a | 4693 | 12 42.6 | +71 43 go | +46 | 112 | +52 | ho 21 X6 28 | o 12.8 16.9 | 1.8
b — 28 |4+ 8 d 4% 4 ) o 15. 4
461 a | 4688 | 12 42.7 |+ 4 53 272 | +67 | 138 | —11 | r . 20X15 | 129 | I 13.0 | 13.0 | 16.8 | 2.4
b + 33 [+ 59 d 7%X5 69 | o | 14.4 '
462 a 12 42.9 |— 9 38 271 | +52 | 144 —25 d—ho, 9X%X4 143 | 05 14.3 16.7 | 1.7
b — 114+ 5 ) d 7X7 o5 14.9
463 a | 4708 | 12 44.5 | —10 33 272 | +52 | 145 | —26 | e—ho 5X3 68 | 1 13.9 16.7 | 1.9
b — 4 |= 2 d 2X2 o 14.5
464 a 12 44.8 | +10 48 273 | +73 | 138 | — 5] d ' 10X 10 o 14.7 15.9 | 2.5
b "| — 20 |— 21 d 10X 10 o 14.7
m',?\,\?.:\a% 465 a 12 44.8 | +32° 37 79 | +84 | 131 | +16 | d 8X6 10{ 0 14.7 17.3 ] 2.9
b - 5|— 8 d—h, 6X3 32 | O 15.9
466 a | 4716 | 12 45.4 | — 8 55 272 | +53 | 144 | —24 | g 11X 4 30| 7 13.8 16.8 | 1.1
b + 2|— 36 ho 15X3 [ 159 | 0.5 ] 14.5
467 a 12 45.6 [+ 2 1 273 | +64 | 140 | —14 ] ho 14X2 175 | o 14.3 16.8 | 2.3
b. — 36 | + 24 ho 6X2 95| o 15. 4
468* a | 4725 | 12 45.6 | +26 3 303 | +88| 133 | + 9| rS 100X50 | 39| 8 10.8 | 10.8 | 17.4 | 2.0
b | 4712 —118 | — 21 d—ho 20X10 | 165 [ 0.5 | 12.2 | 12.9
c | 4747 +176 | 4164 g—h 35X7 31| 2 12.3 | 12.7 |
469 a | 4728 | 12 45.6 | +27 59 359 | +89 | 133 | +12 | e 3X3 I 14.7 17.5 | 0.3
b + 21 |— 6 d—h, 7%X3 34| o 14.6
c + 19 |+ 31 ho 6X2 74 | o 15. 1
470 a | 4727 | 12 45.7 | —13 47 272 | +48 | 146 | —28 | e—ho 13X8 140 | I 12.7 15.7 | 2.7
b | 4724 — 10 o| - e 5%X5 1 |13.7
471 a | 4722 | 12 45.8 | —12 42 272 | +49 | 146 | —27 | 4 10X 10 o5 | 13.6 16.0 | 3.7
b | 4723 + 2 |— 18 h 15X3 9o | 2 14. 1
472 a | 4731 | 12 45.8 | — 5 51 273 | +56 | 143 | —21 | rS 70X35 | 82| 3 11.2 | 12.2 | 16.2 | 3.3
b + 33 |—103 e 9X9 1 | 12,9 -
473 & | 4733 | 12 46.1 | +11 28 275 | +73 | 137 | — 4] d 6X6 o5 | 13.0 15.9 | 2.9
b -9 o d 3X3 o 4.7
474 8 | 4745 | 12 46.6 | +27 58 359 | +89 | 133 | +11 | e 4X4 1 |14.7 17.5 | 0.1
b — 10 |+ 14 d 3X2 20| o 15. 4
3
'\ { gy, 475 & 12 46.8 | +13 1 276 | +95 | 137 | — 3] d 4%X4 o 14.7 15.9 | 3.0
% b — 4|+ 7 d 3X3 [ 14. 8
476 a 12 47.3 |— 9 13 273 | +53 | 145 | —24 | ho 20X5 69 | o 13.8 16.8 | 0.6
b + 22 |— 13 e . 3X3 1 13.9
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ENo NGC | @900 0000 |dacosd| A6 l b L B Type axb o | ¢ m mga| ™ d
]
¥77 8 | 4759 | 12°4779 | — 8° 39’ 273° | +53°| 145°| —23°] e 4% 4 r ] 13" 1678 | 0°6
b | 4761 : +10 | + 4 d 3X3 0.5 ]| 14.2
478*% a | 4762 | 12 47.9 [ +11 47 277 | +74 | 138 | — 4| h 45X 4 29° 2 11.8 | 1178 | 16.2 | 1.2
b | 4754 =97 | +49 g 30X 15 15 | 28 12. 4 | 12.0
478 8 | 4762 | 12 47.9 | +1I 46 . 277 | +74 | 138 | — 4| h 40X 4 30| 6 12.0 | 11.8 | 16.0 | 2.5
b | 4754 —g96 | +51 f 7X7 2 12.2 | 12.0
479 @ 12 48.1 | +32 58 72 | +85 | 132 | +17] d 7X7 0.5 15.3 17.4 | 2.0
b + 2 |+ 7 d 3X3 o 16. 1
480 & 12 48.4 | —11 28 273 | +51 | 146 |'—26 | d 8x8 o 14. 1 16.6 | 2.4
b + 8 | —23 ho 8X2 170 | 0.5 | 15.0
481 a 12 48.4 | +25 4 303 | +86 | 134 | + 8] 4 - 8x8 0.5 | 12.4 17.1| 3.0
b + 3 | +16 d 4X4 0.5 | 15.4
482 a8 | 4780 | 12 48.9 |— 8 ;5 273 | +54 | 145 | —23 | d IIXII 0.5 ] 13.2 16.8 | 1.0
b -5 | —19 d "4X3 3| 0 14.9
483 a | 4781 ) 12 49.2 |— 9 59 273 | +52 | 146 | —25 | r—s 32X18 | 117 | 2 11.4 | 11.7 ]| 16.8 | 0.9
b | 4784 +34 | —46 h 12X2 103 | 6 14.2
484 a 12 49.2 [+30 9 46 | +87 | 133 | +14 | g—ho | 15X3 73 | 1 14. 1 17.3 | 2.2
b —32 | —II d 4X3 171 | 0 14.2
485 @ | 4782 | 12 49.4 |—12 2 273 | +50 | I47 | —26 | e 5X5 1 12.8 | 12.9:) 16.4 | 2.9
b | 4783 + 1|4+ 7 e’ 4X4 I 13.2 | 12.7:
486 a | 4809 | 12 49.8 |+ 3 12 276 | +65 | 141 -13 | ho 20X 6 68 | 1 13.1 17.0 | 0.8
b | 4810 + 1| —8 [ 6X4 166 | I 13.2
486’ a | 4809 | 12 49.8 |+ 3 11 276 | +65 | 141 | —13 | d—ho | 13X35 67| 1 13.7 16.6 | 2.6
b | 4810 + 1| —8 d—he 8X4 163 | I 13.9
487 a |T38%1] 12 50.4 | +39 45 81 | +78 | 130 | +23| d 9X9 0.5 | 14.9 17.2 | 1.0
b L3395 — 7 | 41z e—h, 6X3 ol 1 15.2
488 a | 4807 | 12 50.5 | +28 4 . 2 | +88 | 134 | +12 | h 1IX3 175 | 4 14.3 17.5 | 0.7
b. + 3 | +15 d 3X3 (] 15.0 :
489 a 12 50.9 | +34 13 7¢ | +83 | 132 | +17| d 4X4 o 15.8 17.4 | 2.0
b : +1f—35 d 3X3 o 15.8
c +13 | 411 d 3X3 o 15.8
490 a | 4819 | 12 51.6 | +27 32 350 | +87 | 134 | +11 | g 10X 4 145 | 4 14.0 17.5 | 1.0
b | 4821 + 3 | —18 d 2X2 05| 14.5
491 a 12 52.6 | +23 23 ' 302 | +83| 135 | + 8] e 2X2 1 | 141 17.4 | 1.6
b + 5 |+ 4 o 2X2 1 14.5
492 & }4841 12 52.7 |+29 1 21 | +87 | 134 | +13] e 5X5 1 14.5 17.1 | 3.0
b + 6 | + 4 e 4%X4 1 14.7
1493 & 12:52.9 | +33 5 62z | +83 | 133 | +17 | e—ho | 11X4 28 | 1 15.2 17.4 | 1.5
b + 8| —35 d 3X3 o 15.8
494 & 12 53.1 | +28 2 1 | +87| 135 | +12| d 4% 4 05| 14.5 17.4 | 1.3
b —16 o d 4%X4 o 14.9
495 & | 4849 | 12 53.4 [ +26 56 341 | +871 135 | +1x | e 3%3 1 | 14.4 17.4 | 1.8
b |183% ' + 2 | 419 d 7%X7 05| 14.9
496 & |rypo3) 12 55.0 | 439 21 75 | +78 | 131 | +23 | e 3X3 X 15.2 17.2 | 0.8
b |Tnor +71—3 [} 2X2 1 15.5
497 a | 4880 ] 12 55.2 |+13 1 284 | +75| 139 | — 2| d 10X7 175 | o5 | 12.7 | 13.1 | 16.2 | 3.1
b -7 | +16] . d 4% 4 o 15.5
498 a 4893 12 55.3 | +37 44 72 | +80 | 132 | +21] d 3X3 o 15.2 17.1 | 1.4
b o | — 4 d 3%X3 o 15.5
c - 51+ 4 d 3%X3 o l1s59
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No NGC | 900 b1000 |detcosd| Ad ! b L B Type axb @ ¢ m (Mgl My d

499 a | 4911 | 12"56%0 | +28° 21’ 7°| +86°| 135°| +13°] e 6X6 1 1372 1774 | 2%
b — 4 — 4 d 3X3 o 14.9

500 a 12 56.9 | +29 35 25 | +86 | 135 | +14| h 14X3 85°| 3 15. 1 17.2 | 2.5
b + 2 | —29 d—he 5X3 20| o 15.8

- 501 & 12 57.6 | +33 25 56 | +82| 134 | +17] h 12X3 98 | 2 15.0 17.4 | 1.5
b +13 +16 d 6X5 166 | 0.5 | 15.8

502 a 4933 12 58.7 [ —10 58 277 { +51 | 148 | —25 | e 7X5 46 | 2 13.4 }12’.“8 16.4 | 2.9
b — 6 -5 e 4X4 I 14.1

503 & 12 58.9 | +26 38 343 | +85 ] 136 | +10 | d 7X5 167 | 0.5 | 14.3 17.1 | 2.9
b +11 +19 d—h, | 11X4 31| o5| 15.1

503’ a 12 59.0 | +26 38 343 | +85 | 136 | +10 | d—ho 6X3 150 | o 14.5 17.1 | 3.0
b +11 +17 d 4X3 34| o5 15.5

504 a 12 59.4 | +26 40 344 | +85 | 136 | +rIr | d 3X3 o5 ] 15.5 17.1| 2.9
b +6 | —2 d—h, 5X3 99| o 15.7

505 & | 4948 | 12 59.7 | — 7 25 279 | +55| 148 | —21 | d—ho | 13X5 146 | 0.5 | 12.9 16.4 | 3.0
b +6 | —8 d 5X5 o5 ] 14.6

506 a 12 59.9 [— 7 37 278 | +54 | 148 | —21 | d—ho | 12X5 4| o5] 13.2 16.4 | 3.0
b +11 —31 ho 17X5 45| o 15.0 ) .

507 a 13 0.7 [+33 26 53 | +83 | 134 | +17 | d—ho | 10X4 72 | o 15.0 17.4 | 1.7
b - 3 +18 . . g 6X2 98| 3 16.0 '

508 a 13 1.3 |+30 44 32 | +85 | 135 | +15 | ho 9X2 173 | o5 | 15.4 17.4 | 1.8
b - 3 + 6 d 2X2 o 16.0

509 & 13 5.0 |+26 6 342 | +83 | 137 | +10 | o 6X5 138 | 1 14.2 16.8 | 3.4
b + 6 — 9 d 4%X4 o5 ]| 151

510 a | 5000 | 13 5.1 |+29 27 16 +84 136 | +14 ] 1 15X8 22 | 5 13.5 16.9 | 3.3
b + 9 — 3 e 7X7 1 15.6

511 a | 5004 | 13 6.3 | +30 II 21 | +84 | 136 | +15| h 10X3 177 | 4 14.2 17.4 | 2.0
b ’ o | —37 v(?) 9% 4 3|1 |14.5
c —32 +44 d 6X4 4| o5 14.2

511’ a | 5004 | 13 6.3 | +30 11 21 | +84 | 136 | +15] e 5X5 1 14.3 17.1 | 3.0
b + 1 | —36 h 12X5 | 165 | 3 | 14.7

512 a 13 8.7 |+416 32 gor | +77 | 141 |+ 2| h "13X3 40 | o 14.2 16.5 | 2.2
b ) +20 —19 d 3X3 o 15.1

513 & | 5032 | 13 8.7 | +28 19 4| +84 | 137 | +13 | 8 10X 8 11| 1 13.7 ! 17.5| 0.3
b - 3 —24 d 4X4 o 14.9

514 & | 5079 | 13 14.4 | —12 IO 283 | +49 | 152 | —25 | d 15X 10 42 | 05| 12.7 16.1 | 2.1
b | 5077 —17 | +25 : e 5X5 1 13.0 | 12.2
¢ | 5076 —19 | —26 d 4X4 o 14.0
d | 5077 —~17 | +22 ) d 3X3 o 14.3 _

515 a | 5088 | 13 15.1 [ —12 3 283 | +49 | 153 | —25 | g 16X5 179 | 2 13.3 | 13.2 | 16.2 | 2.0
b —33 | —16 e 3X3 1 | 14.5

516 a | 5146 | 13 21.4 | —11 48 285 | +49 | 154 | —24 | £ 7X7 5 13.7 16.3 | 1.2
b | | +3 | —8 d 3%z | 85| 0 | 145 | ,

517 & 13 22.1 |[— 2 3 290 | +58 | 150 | —14 | d 8X8 [ 14.5 16.3 | 0.9
b +1r | —26 d 4%X4 o 14.8 -

518 a 13 23.6 | +29 12 10 | +8 | 140 | +15} d—ho 8X4 178 | o 14.5 17.1 | 3.0
b + 2 | +14 d 3X3 o 15.1

519 a | 5166 | 13 23.6 | +32 33 28 | +79 | 139 | +18 | h—he | 20X4 67 | 1 13.7 17.1 | 2.9
b +41 +24 d 6X6 o 14.5

520 & 13 23.8 | +12 8 305 | +71 | 146 | — 1| d 4X4 05| 14.8 170 | 2.3
b — 4 | — 8 d—h, 4X2 431 o5 1 14.9
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No NGC ©1000 Bi000 |dxcosd| A6 ! b L B Type axb ® ¢ m Imgae|l My d
521 a | 5176 13°2475 | +12° 18’ . 305°| +71°| 146°| — 1°] d 6X6 o.5] 14™s5 17%0 | 223
b | 5177 ' -2 | +09 d 7%X5 | 127°| o | 14.5
522 a 13 24.6 [ +12 8 305 | +71 | 147 | — 1| d 7X7 05| 14.5 17,0 | 2.1
B : +11 + 7 d 5X5 o5] 15.2
523 & | 5184 | 13 25.1 |— 1 9" 292 | +59 | 151 | —13 | © 18X12 | 143} 1 | 13.3 16,2 | 1.9
b | 5183 ) —14. | —35 g 13X3 112 5 13.6
524 a ' 13 25.2 | +33 52 35 +79 | 139 | +20 | d—he 6X3 | 103 o 15.0 16,6 | 3.3
b —4 | —09 d 5X3 170 | o. | 15.0
525 @& 13 25:3(— 8 4 289 | +52 i54 —19 | ho ITX2 141' o 14.5 15.9 | 2.9
b _ 1 =10 | —11] ho 10X2 88| o | 150
526* & | 5194 | 13 25.6 | +47 43 | 68 | +68 | 134 | +32| wS 8o X 60 20| 1 | 10,4 10" | 16.0| 0.2
b | 5195 -+ 10 +43 g 21X 15 10 2 12,2 | XXX
527 & 13 28.6 | +33 40 33 | +78 | 139 | +20| d 5X4 30| o | 14.3 16.8 | 3.0
b ' +15 | —26 d—ho | 6x3 | 151 | o05] 14.7
527" & 13 28.6 | +33 40 33 | +78 | 139 | +20| d 7X5 40 [¢] 14.2 17.0 31
b o +15 | —25 d—h, 8X4 |'160| o0.5] 15.0
528 ‘a 13 28.7 [ +35 3 . 37 | +78 | 139 | +21 | h 8X1.5 o1 | 2 15.2 | 17,1 | 2.0
b —27 | + 9 ho 9X2 152 | 0.5{ 15.3
529 . & 13 30.7 |+ 3 31 299 | +63 | 150 | — 8] e 6X6 1 13.8 ‘16.7 | 2.0
b ) —14 + 2 d 3X3 o 15.3
530 @& 13 33.0 | +29 19 10 | +78 | 142 | +36 | d 5X5 o 15.0 17.4 | 1.7
. b — 4 | — 6 d—ho | 11X4 8| o |16.1
531 a 13 33.9 | +26. 36 356 | +78 | 143 | +14 | d—ho 8X3 35 | os5]| 14.7 16.8 | 1.8
b —14 | +12 d 3X3 o | 153 ‘
532 a | 5257 | 13 34.8 |+ 1 21 298 | +60 | 152 | —~10| d 6X6 o 12.9 16.4 | 2.9
b | 5258 | +12 | — 4 d—ho | 11X}5 30| os5]13.3
533 a | 5259 | 13 34.8 | +31 30° 20 | +78 | 142 | 4181 d 3X3 ) 15.1 7.5 | 0.6
b — 5 + 2 d 2X2 o | 159
534 8 13 36.8 | +23 45 ‘ 344 | +77 | 144 | +1x | d—ho 8X 4 86 | o 14, 4 16,5 | 2.8
b : -9 |+ 3 d | 4X4. o | 149 :
535 & | 5273 | 13 37.7 | +36 10 i 37 | +75 | 140 | +22 | f 18X 18 XX 12.6 | 12.9 | 17.2 | 0.2
b | 5276 ) +29 | —19 ho 6X2 160 | o | 14.3
536 @& 13 38.1 | 430 21 . 15 | +77 | 143 | +17] ho 10X2 64| o 15. 4 17.5 | 0.9
. b ~—11 + 7 d—h, §5X2 120 o | 155
' 537 & 13 38.6 | +27 58 3| +77| 144 | +15| d 6X5 17| o |13.0 16,8 | 1.8
. b + 6 — 8 d 3X2 30| o |151
538 a 13 39.8 | +30 24 ‘ 14 | <+97 | 143 | +17 | ho 6X2 151 | o | 158 17.5 | 1.1
b — 2 —15 d—ho 4X2 40| o | 158 !
.e -7 + 9 . | ) d 2X2 o.] 150 ,
539 a 13 40.1 | +25 57 355 | +76 | 145 | +14 | d 3X2 40| o | 14.6 16,9 | 0.3
. b +6 |+ 7 d 4% 4 . o | 150 .
540 &, 13 40.4 |— 5 29 296 | +54 | 157 | —16 | d—he 7%X3 8| o5 136 15.6 | 2.5
b - - o d 3%3 05 13.6
c 4 |+ _ d—ho | 5%z | 23| o5]13.9

541 & 13 42.6 +34 22 29 | +95 | 142 | +22| ve(® | 10X10 1 | 13.6 17,0 | 2.1
b —13 |+ 8 ho 13X2 86 | o | 14.0

541 a 13 42.6 | +34 22 ‘ 20 | +75 | 142 | +22 | d 10X8 30| o5]) 13.6 16,5 | 3.9
b ' —13 | + 8 d~ho | 11X4 81| o |13.8

542 8 | 5303 | 13 43.3 | +38 48 ' 41 | +73 | 141 | +25] e 7X5 90| 1 |12.5 16.8 | 2.9
b + 2 —29 d—he 6X3 112 | o | 14,9
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No NGC | ;900 b1000 |dacosd| A6 | 1 b L B Type axb @ ¢ m o M| ™ d
543 & 1374376 | +25° 38’ 354°| +-76°| 145°| +13°] d 2X2 o5]| 1477 16% | 0°8
b + 4 |+ 7 ) d—h, 4X2 70°l o | 14.8 ] ¢
544 & 13 43.7 | +26 11 356 | +76 | 145 | +15 | d 5X5 o 15.0 16.9 | 0.5
b -1 - 4 d 2X2 o | 153
545 a 13 44.8 | +35 45 34 | +74 | 142 | +23 | ho 18X 3 120 | 1 13.5 17.1 | 1.8
b +43 —_2 d 5X5 o 14.2
c o +24 ] 3X3 b1 14.6
d -6 | +17 d 4% 4 05| 14.9
546 a 13 45.9 | +25 29 354 | +75 ] 146 | +14 | d 2X2 o | 14.7 16,9 | I.2
b o |—o9 [} 2X2 1 | 14.8
547 @ 13 46.1 | +25 41 354 | +75 | 146 | +14 | ho 8X2 140 | o | 14.4 16.9 | I.2
b - 4 + 5 d 2X2 o | 14.8
548 @ | 5318 | 13 46.2 | +34 12 27 | +75| 143 | +22 ] e 4X3 179 | 1 13.8 16.9 | 2.7
b -5 +18 d 4X4 o | 14.8 v
548’ & | 5318 | 13 46.2 | +34 12 27 | +75| 143 | +t22 | d 9%X9 . o5] 13.6 16.4 | 4.1
b -5 +18 he 6X2 | 163 | o | 15.2
549 a 13 46,6 | +14 35 322 | +70 | 150 | + 3| ve() | 10X35 106 | I 13.6 16,8 | 1.9
b + 5 +11 d 6X6 o 15. 4
550 a | 5325 | 13 46.6 | +38 47 41 | 73| 142 | +26 | d 10X 10 05) 14. 1 16,7 | 3.2
b - 3 —21 d 6X6 o 14.6
551 & 13 47.5 | +14 4 322 | +69 | 150 | + 2} d 9%X6 24| o | 13.7 16,8 | 1.4
b ' —11 | — 2 d=~h, 6%3 8 | o | 156 »
552 & 13 47.7 |+ 2 45 306 | +60 | 154 | — 7] ho 15%3 142 | ‘0 14.3 16,4 | 2.8
b +28 -1 ho 9gX2 153 | o 14.8
' 553 & 13 47.7 |+31 38 19 | +75 | 144 | +20 | d 6X6 0.5 14. 4 171 | 3.0
b +16 o d 2X2 o 15. 5
554 & | 5351 | 13 49.1 | +38 25 41 | 492 | 142 | +26 | d—ho | 28X 10 96 | o.5] 12.6 | 130 | 16,6 | 3.3
b | 5349 =30 | —21 "d—ho | 9X5 93 o | 14.4 .
555 8| 5354 | 13 49.2 | +40 48 47 | +71 | 141 | +28 ] e - 4X4 1 ]13.6 16.4 | 1.5
b | 5353 o | =12 e—g 8X3 148 | 1 | 12.6 | 12.4
- ¢ | 5350 —11 +38 r 17X 10 20 I 13.8 | 12.9
d | 5355 +37 | 22 d 3X3 05| 14.8
556 a ‘13 50.6 | +25 33 355 | +74 | 147 | t14 | @ 5%X5 1|42 16.7 | 2.2
b ~ 2 | =20 d 5X5 o | 14.4
557 a | 5364 | 13 51,1 |+ 5 31 310 | +62 | 154 | — 5| W 55X35 33| 2 1.4 | 11.8  16.1 | 4.0
b | 5360 _ —8g9 | —22 d—h, | 20X8 8| o | 13.2
558 a 13 51.7 |+30 35 13 | +74 | ws [ +19| d 5X5 05| 15.0 16,6 3.2
b ~ 4 |~ . d 5X5 0.5] 15.0
559 a 13 52.7 | +24 46 353 | +73 | 148 | +14 | ho 13%4 | 29| o |13.9 16.5 | 3.0
b ~15 |+ 7 d 5X5 o | 14.8
560 a 13 52.8 |+ 7 53 314 | +64 | 15¢ | — 2] e 7X7 I ]13.4 1.0 | 2.0
b +12 | +10 . d—h, 5X3 39| o | 14.8
o +21 | +23 d gX9 o | 14.5
d +32 | + 2 d—h, 8X4 8% | o |152
561 a | 5389 | 13 52.8 |60 14 95 | +56 | 130 | +45 | g—h 17X3 o| 10 }|13.3 16,1 | 1.5
b | 5379 ) —42 | — 4 : ho 10X 3 58] o | 14.3
562 @& 13 54.0 |+ 7 45 314 | +63 | 154 | — 2| d—ho | 10X4 1490 | o | 141 17.0| 1.9
b . + 4 | —14 d 3X2 149 | o | 155
563 & | 5395 | 13 54.3 | +37 55 38 | +72 | 143 | +26 ] d—h, | 21X11 1| o |12.5] 130160 3.1
b | 5394 =7 | +19 d 7X7 o05) 13.6
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J' No |NGC| oo | O |dwcosds| 46 | I | b | L | B | Type | axd | o d
N .
g:564 a | 13544 |+ 6° 1’ 312° | +62°| 155°| — 4°| ho 12X3 113°| 0.5 | 1473 16"7 | 3%
i b ' 412 +12 e 3X2 173 | 1 14. 5
565 @ | 5403 | 13 55.5 | +38 41 ‘ 39 | +71 | 143 | +26 | d—ho | 12X35 129 | © 14.2 16.3 | 2.3
b +rr | +15 d 3%X3 o 14.6
566 & 13 55.7 | +14 19 326 | +68 | 152 | + 4| d—ho 5X3 158 | o 14.3 16.6 | 2.7
b —2 | +o9 d 5X5 05| 14.9
567 a | 5422 | 13 57.2 | +55 39 ) 68 | +59 | 134 | +42| h 15X3 158 6 14.0 | 1370 | 16.5 | 2.0
b +10 | 420 d 3X3 o 15.0
568 a | 5421 | 13 57.3 | +34 19 25 | +72 | 145 | +23] vS 9X2 160 | 2 14.5 1721 | 1.1
b ‘ +2 | — 4 ' d | 2Xz o 14.9
¢ -3 -5 [ 1.5 X 1.5 1 14.9
569 a | 5430 | 13 57.5 | +59 49 73 | +55| 131 | 445 | g ox3 |154| 1 |14.0]|12.8]|16.1| 1.6
b +3 |—3 d 2X2 0.5 ] 15.0
570 & 13 57.8 | +15 18 e 328 | +68 | 152 | + 5| ho 30X6 20| 0o | 133 16.1 | 3.7
b —13 —38 . d 9X9 o 14.2
571 a 13 57.9 |+ 9 49 ‘ 319 | +64| 155 | o e 4X4 1 |14 17.0| 1.3
b —17 + 3 1 e 4X4 1 15.3
c +16 | + 6 d 5X 4 78 | o 15.6
572 & 13 57.9 | +32 56 21 | +73 | 146 | +22 | e 4X3 159 | I 14.3 17.1 | 0.4
b -9 Y ) d 2X2 o 15.2
573 & | 5427 | 13 58.2 | — 5 33 302 | +52 | 161 | —14 | W 20X 19 88 | 1 11.6 | 12.0 | 16.5 | 3.6
b | 5426 —3 | —26 | ve 21X14 | 27| 1 12.5 | 12.8
574 & | 5433 |13 58.2|+33 o 21 | +73 | 146 | +22 | h 14X3 1|1 13.3 1721 | 0.3
b +16 | +23 | d 3X3 o 15.3
575 a | 5434 | 13 58.5 |+ 9 56 319 | +64 | 155 ol e. IIX 11 1 13.6 17.0 | 1.4
b +10 | +12 d—h, | 10X4 75 1 05] 14.0
575 a | 5434 | 13.58.5 |+ 9 56 319 | +64 | 155 o}l d 10X 10 0.5 | 12.9 17.0 | 2.7
b +10 | +12 h—he | 13X4 70 | 1 13.8
576 a | 5440 | 13 58.6 | +35 15 28 | +72 | 145 | +24 | g—h 20X 5 50| 6 13.9 17.0 | 2.0
b | 5441 +24 | —44 d 6X6 05| 14.9
577 & 13 58.7 | +11 52 322 | +66 | 154 | + 2| d—ho 8X5 173 | 0.5 14. 1 16.9 | 2.9
b -1 + 7 d—h, 8Xs5 133 | 05| 14.1
578 a’l 5443 | 13 58.8 | +56 19 69 | +59 | 133 | +43 | g—h 15X 4 46 | 1 13.7 16.4 | 2.1
b + 8 +16 d 2X2 o 15.0
579 a 13 59.8 | +33 47 24 | +72 | 146 | +22 ] e 3X3 1 14.3 17.1 | 0.6
b +20 + 9 ho 8X2 50| o 14.8
580 a 14 0.1 |+29 41 10 | +72| 147 | 19} d 6X6 o 14. 4 16.3 | 3.6
b - 4 -17 d—h, 7%X3 168 | o 15.1
581 a 14 0.7+ 9 24 319 | +63 | 155 ol d 8x8 0.5 | 14.7 17.1 | 2.3
b + 3 | +20 e 2X2 1 | 150
582 a | 5463 | 14 0.9 [+ 9 53 320 | +64 | 155 | + 1| e 5X4 45 | 1 14.1 17.1 | 1.2
b +5 | +5 d 3%3 R
583 a 14 1.2 |+13 16 326 | +66 | 154 | + 4| e 5X5 1 14. 1 16.8 | 3.2
b +8 | —3 d 3X3 05| 155
584 a 14 1.3 |+ 9 50 320 | +64 | 155 | + 1| e—ho 6X3 45| 2 13.9 17.1 | 2.1
b +s5 [(+5]° d 5X5 o |154
585 a | 5468 | 14 1.4 |— 4 58 304 | +52 | 161 | —13| we 21X18 82| 0o5]12.4 | 12.4 | 17.1 | 2.5
b | 5472 +5¢ 1 — 5 h 10X3 41| 1 14.6
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D e e—————————————————————————————————————"r——ret——— ettt e ————_— e —r O ———————————T—————————————————————————
No NGC €;1000 bi900 |dacosd|. A ! b L B Type axb @ ¢ mmyga] My d
585" a | 5468 | 14174 | — 4° 59 304° | +52° 161°| —13°] Wwe 25X 25 1 1273 | 12% | 1770 | 2°7
b | 5472 +50 | — 3 h, 10X 3 38°| 1 14.8
¢ | 5465 —19 | —33 e 4X4 b 14.8
d | 5467 ~14 | —18 e 4X4 1 15.0
e —32 | =51 d—he 8xs5 | 155 | 05| 15. 4
586 a 14 2.1 [+10 56 322 | +64 | 155 | + 2| 5X4 24 | 05| 14.5 17.2 | 1.8
b + 5 | +16 d 3%X3 05] 155
587 a 14 2.7 +11 13 322 | +64 | 155 | 4+ 3| d 5X5 0.5 | 15.6 17.2 | 1.7
b + 8| —9 d 4X4 0.5 | 15. 7
588 a | 5480 | 14 2.7 |[+51 11 62 | +62 | 138 | +38 | e 12X9 14 | 1 12.1 | 12.6 | 16.4 | 3.2
b | 5481 +31 [ — 1 [ 6X6 1 13.2
589 a 14 3.2 |+ 6 18 316 | +60 | 157 | — 3| e 3X2 158 | 1 14. 4 16.9 | 2.4
b — 8 [+ 1 d 2X2 o 15.1
590 a 14 3.5 |+ 6 8 316 | +60 | 157 | — 3] d 6X6 05| 14.8 16.8 | 2.6
b — 6 | +17 d—h, 6X3 o| o5] 151
591 & 14 3.5 |+ 7 32 318 | +61 | 156 [ — 2] d 9X9 05| 13.4 16.7 | 3-3
b +10 | — 5 d 3X3 o5 | 15.4
592 a 14 4.2 | +24 41 354 | +71 | 150 | +14 | e 3%3 15.3 17.0 | 1.0
b + 6 | —14 d 4X4 15.5
503 a 14 4.6 | +24 38 353 | +71 | 150 | +14 ] e 3X3 1 15.2 17.0 | 1.0
b — 1|+ 6 d—h, 4X1.5| 32| 0 15.7
504 8 14 4.9 |+ 8 33 320 | +62 | 157 | — 1| e—ho 6X3 71 | 1 14. 1 17.1 | 2.3
b —9 | —17 d—ho 5X2 161 | 0 15.3
595 a | 5490 | 14 5.1 |+18 1 338 | +68 | 153 | + 8| g 6X 4 71 2 14. 1 17.1 | 2.1
b +17 | + 3 d—h, 4X2 871 o 15. 1
596 a 14 5.4 |+18 50 340 | +68 | 153 | + 9| h—ho | 21X3 40 | 1 13.9 17.2 | 1.6
b +13 || — 1 d 1.5X1.5 o 15.4
597 & | 5401 | 14 5.9 [+ 6 51 318 | 461 | 158 | — 2] e 8X6 71 | X 13.7 16.9 | 2.2
b + 1 {4+ 5 d 3X3 o 15.1
c — 8 | — 6 e 2X2 1 15.4
598 a 14 6.4 | +25 58 359 | +71 | 150 | +15] d 7X7 0.5 | 14. 4 17.0 | 0.4
b +12 | +15 d 3X3 o 14.9
599 a 14 6.9 |+20 24 343 | +69 | 152 | +11 ] d 6X6 [ 15.8 17.2 | 1.4
b + 8 | + 4 ho 6X2 152 | o 15.9
600 a 14 7.3 |+ 9 8 322 | +62 | 157 ol g 16 X 10 3| 05} 14.2 17.2 | 1.7
b +44 | — 8 h 10X 2 116 | 4 14.7
c +31 | —22 d 3X3 o 15.4
6or a | 5504 | 14 7.5 |+16 19 334 | +66 | 154 | + 7] e ITXTII 1 12.9 16.6 | 3.4
b — 8 | +17 d 5X5 o5 | 14.1
[ o | +21 . ho 10X3 50 | 0.5 | 14.4
602 a 14 7.6 | +18 46 339 | +68 | 153 | + 9| d—h, 8X3 28| 05| 14.2 17.3 | 1.2
b i —17 | + 7 d 3X3 o 14.7
603 a 14 7.7 | +34 41 25 | +70 | 147 | +24 | d 3X3 o 13.6 15.6 | 1.9
b + 1|+ 3 d 2X2 ) 13.9
604* a | 5506 | 14 8.1 |— 2 44 308 | +53 | 162 | —10 | ho 21X 4 92 | o5 13.3 17.3 | 0.2
b | 5507 +13 | +37 g 10X 4 56| 4 | 139
604" a | 5506 | 14 8.1 | — 2 44 308 | +53 | 162 | —10| h 21 X5 8 | 1 13.2 17.0 | 3.0
b | 5507 +12 | +37 e 6X6 1 13.7
605 a 14 8.1 |+10 23 324 | +63 | 157 [+ 2| d 5X5 o 14.5 17.3 | 0.3
b - 31— d 15X 1.5 o 15.5 )
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| No | NGC 1000 - J,goo docosd| A4 l b L B Type axb ") [ m | mga| my d
1L

‘__-5606 a | 5511 | 14" 8™2 | 4 9° 5’ 322° | +62°| 158° o°| £ 8x8 0.5 | 14™1 1772 | 1°7
b -7 41—7 d—ho 4X2 164°| 0.5 | 14.8

607 a | 5513 | 14 8.4 |+20 54 346 | +69 | 153 | +12 | g 9X 4 111 | 3 13.9 17.2 | 1.5
b —10 | —10 d 2X1.5 3| o5 15.2

608 a 14 85|+ 9 27 322 | +62 | 158 | 4+ 1| ho .10X3 160 | o 14.2 17.3 | 1.2
b —12 | —I0 d 5X5 o5 | 15.4

L 21962-| 609 & 14 8.5 |+46 10 52 | +65 | 142 | +34 | d 4X4 o 14.2 16.6 | 2.6
- b . +5 |+ 1 a 3X3 o 14.3

610 a 14 8.8 |+ 8 42 321 | +62 | 158 ol e 3X2 170 | 1 14.7 16.9 | 2.1
b + 2 | +1 ) 2X2 1 14. 7
c —10 | + 2 d—ho 4X2 171| o 15. 4

611 & 14 8.8 |+12 40 327 | +64 | 156 | + 4 d—ho 5X2 91 | © 15. 4 17.2 | 2.0
: b : — 9 ol d 2X2 o 15.4

612 a 14 8.8 |+16 36 335 +67 | 155 |+ 7] a 5X5 o 14.5 16.9 | 3.0
b — 8 |+ 3 d 3Xz2 ° 15.2

613 a 14 9.4 [+11 3 325 | +63 | 157 | + 3| h 5%X1.5 1 | 152 17.3 | 0.3
b +18 | — 1 d 5X5 o 15.5

614 a 14 9.5 |+16 5 335 | +66 | 155 | + 6 | h—ho | 18%X6 12 | 2 13. 5 16.5 | 3.6
b +35 | — 7 d—ho 5%X3 130 | 0.5 | 14. 5

615 a 14 10.I | — 3 54 : 308 | +51 | 163 | —11 | d—ho 12X 5 6| o5 ] 14.1 17.3 | 1.1
b — 6 | —18 | d 4%X4 0.5 157

616 a 14 10.2 [+ 5 18 317 | +59 | 159 | — 3] d 10X 7 26 | o 13. 5 16.4 | 2.3
b — 1 | 423 d—h, | 13X5 6| o 14.3

617 a 14 10.4 | +16 12 335 | +66 | 155 | + 7] d—ho | 12X35 137 | 0.5} 13.8 16.6 | 3.4
b — 6 | —22 d 8X6 33| o 14.5

618 a 14 10.5 | +35 12 26 | +70 | 147 | +24 | d 3X3 o 13.7 15.7 1 1.1
b —10 | +12 d—ho 6X3 172 | o 13.8

619 a 14 10.6 | +17 21 338 | +67 | 154 | + 8| d 2X2 o 15.3 17.1 | 2.3
b o |+ 6 d—ho 2X1 14| o 15.6

620 a | 5528 | 14 11.4 |+ 8 46 323 | +61 | 158 ol g 10X 4 381 3 14.5 17.2 | 2.0
b —3 |+ 8 d 1.5X 1.5 o 15. 4

621 a 14 11.6 | +23 29 353 | +69 | 152 | +14 | £ 9X9 05| 14.7 16.8 | 2.3
b : +16 | —12 ho 3X1 156 | O 15. 4

622 a | 5532 | 14 12.0 | +11 17 327 | +63| 157 | + 3] e 8x8 2 | 13.4 16.1 | 3.9
b + 1| —6 e 3X3 1 15.0

623 a 5534 | 14 12.3 | — 6 57 306 | +49 | 165 | —14 | h. 7X2 80 | 2 14.3 | 1370 | 17.3 | 1.5
b| + 5 o d—h, 5X3 21| o | 14.9

624 a 14 12.4 | +22 54 352 | +69 | 153 | +14 | d—ho 5%X3 21| o 14.9 16.3 | 3.2
b -7+ 4 d 3X3 o 15.0

625 a 1412.5 |+ 5 2 318 | +58 | 160 | — 3| d—ho 9X35 140 | © 14.0 16.5 | 2.0
b + 7 | +11 ho 12X 4 75| o 14.9

626 a 14 13.5 | +11 40 328 | +63 | 158 | + 4| g 9X4 1| 2 14.8 17.2 | 1.5
b 1 —1r | +13 | d 4% 4 05] 151

627 a 14 14.0 | +13 27 331 | +64 | 157 | + 5] d 4%X4 [ 15.2 16.9 | 3.0
b —5|+6 d 3X3 o 15. 4

628 a 14 14.2 | +25 24 359 | +69 | 152 | +16 | ho 12 X2 54| 05 14. 4 16.9 | 1.9
b +31 | + 3 d 3X3 o |154
c —12 | —II d 3X3 [} 15. 4

629 a 14 14.7 | +26 45 1 | +69 | 152 | +17 ] € 4% 4 1 14.0 16,8 | 2.3
b +11 | + 4 d 3X3 o 15.0

19—37522
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c
ic! e S S o e eSS e r————
é: No |NGC| @0 | Oipoo |docosd| 46 | 1 b L | B | Type | axb e | m mug] m
1 . .
o 630 8 | 5566 | 1471573 | 4+ 4° 24’ 318°| +57°| 160°| — 3°| g 17 X 10 10°| 9 1201 | 11%9 | 16™4
b | 5560 —41 | +35 d—ho | 11X4 103 | 0 13.0
c | 5569 +30 | +31 d 7%7 o | 14.7
| 631 a 14 15.3 | +10 15 326 { +61 | 158 |+ 3] d 3X3 05 | 15 4 17.2.
b -1 |- 4 d 3X2 ‘10| o 15. 4
632 a | 5576 | 14 16.0 |+ 3 44 317 | +56 | 161 | — 5] e 6X6 1 12,0 | 11,9 | 16.2
b | 5574 ~19 | —20 g 9X4 62 1 13.2 | 13.1
633 a 14 16.2 | +22 24 350 | +68 | 154 | +13 | ho 25Xy 120 | 0.5 | 13.0 16,9
b . —30 | —47 h 7X2 140 | 2 15.0
[ + 2 | —13 e 3X3 15.3
634 a 14 16.3 [+18 o9 341 | +66 | 156 | + o d 4%4 05| 154 17.2
b +3 |+ 6 , d 3X3 o 15.7
635 & 14 16.8 | 430 27 13 | +69 | 151 | +21 | d—ho 5%X3 125 | 0.5 | 14. 1 17.2
b o —1b ho 6X2 o] o 15.5
636 & 14 17.5 | -+17 51 341 | +65 | 156 | +10 | d—ho 5X3 50| o 14. 4 17.1.
b —2 |+ 6 d 5X5 0.5 | 15.4
637 8 14 17.6 |+ 9 44 327 | +61 | 159 | + 2| d 6X6 o 15.3 17.1
b +20 | — 3 d 4%3 99| o | 154
638 @& | 5595 | 14 18.8 | —16 16 301 | +40 | 170 | —22 | d—ho | 20X8 51 | 1 12.0 | 12. 4 | 15.4
b | 5597 +34 | —25 g 16X 5 59| 2 |13.7]12.6
638" a | 5595 | 14 18.8 | —16 16 301 | +40 | 170 | —22 | d—ho | 1IX6 51 | 05| 12.4 | 12.4 ] 15.8
b | 5597 +34 | —24 g 18X 9 60:| 1 13.3 | 12.6
639 a (5599 | 14 18.9 |+ 7 2 323 | +59 | 160 | — 1| h 14X 4 168 | 3 13.7 16. 6
b —16 | 19 d 3X3 o 15.2
¢ —14 | +14 d 3X3 ) 15. 4
640 a 14 19.1 | 421 8 348 | +66 | 155 | +13 | d 3X2 147 | © 15.2 17.1
b . - + 1|+ 2 d 3X3 o 15.3
641 a | 5603 | 14 19.1°| +40 51 39 | +66 | 146 | +30 | e 8x8 1 13.9 16. 7
b : =10 | +27 1 d 11X8 160 | o 14. 4
642 & 14 20.1 | +19 19 344 | +66 | 156 | +11 | d 3X3 o 15.2 17.2
b -8 | — 4 d 3%X3 o 15.2
643 & 14 21.3 | +39 59 36 | +66 | 147 | +29 | ho 50X4 73 | 0.5 | 13.0 17.0
b +25 | 31 d 4% 4 0.5 | 15.1
644 & 14 21.6 | +30 55 14 | +68 | 151 | +21 | e 2X2 1 14.8. 17. 4
b | +3 |+ e 15X 1.5 1 15.1 |
645 a | 5619 | 14 22.2 |+ 5 15 321 | +57 | 162 | — 3| 8 25X 10 17| 1 13. 4 16. 5
b +36 | 412 [} 3X3 1 14.3
¢ +29 | —15 d 3X3 o 15.3
646 a 14 22.7 | +31 58 17 | +68 | 151 | +22 ] ho “14X3 | 41| 0.5 ] 13.6 17.3
b -2 |+ 5 d 3X3 [ 15.8
647 a 14 23.0 | +36 22 28 | -+67 | 148 | +27 | d—ho | 10X35 48 | 0.5 | 14.0 16. 8
b ) + 5 | +11 a 4X3 171 | 0.5 { 14.8
648 & 14 23.1 | +30 24 ' 12 | +67 | 152 | -+21 ] d 8% 8 05| 14.4 17. 4
b —13 |+ 9 d 4%X4 o 157
me 29964 ~| 649 8| 5630 | 14 23,7 +41 42 39 | +65| 146 | +31 ] ho 12 X 4 99 | 05 ) 12.7 15.8.
AS . o - b + 3 | —16 3 d 3%X3 o 14.0
650 & 14 24.2 |+ 8 17 326 | 458 | 161 | 4+ 1] d 5%X5 o 14.0 16. 4
b ‘ + 4 |+ 7 d 4% 4 o 14. 7
651 o | 5639 | 14 24.3 | 430 52 14 | +67 | 152 | +22 | d 12X 8 109 | © 12. 4 17. 4
b ’ +23 | — 4 da 4% 4 o 15.5 ‘
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e ———
No NGC | - 1900 Oi000 |decosd| A6 ! b L B Type axb P ¢ m Mgl ™ d
652 a 14°24™4 | +29° 25 10°| +67°| 153°| +21°] e 3X3 1 1408 773 | 1%6
+1x | +-2 d 3X3 o 15.7

653 a | 5638 | 14 24.6 |+ 3 42 320 | +56| 163 | — 3| e 8x8 b 12.4 | 12™6 | 16.2 | 3.0
b | 5636 - — 3 | +20 d 12X9 39°| o 13.8

654 & | 5649 | 14 25.7 | +14 28 337 | +62 | 159 | + 7] d 9Xg9 o 13.6 16.1 | 2.3
b | 5648 -7 |+7 d 3X3 o 14. 4

655 & 14 25.7 | +23 30 355 | +66 | 156 | +15] d 12X9 69 | o 13.6 16.3 | 3.1
b —21 | —23 [} 3X3 1 14.0
c —1I0 o d 6X6 o 14. 8

656 a | 5652 | 14 26.0 |+ 6 26 324 | +57| 162 | — 1| g 12X5 106 | 3 13.2 16.5 | 1.9
b | 5650 —20 | + 2 d 1.5X 1.5 [ 14.8

657 & 14 26.2 | +33 23 20 | +67 | 151 | +24 | e 4X4 1 15. 4 17.1 | 2.5
b + 2 | — 8 d 4X4 o 15.5

658 a | 5661 | 14 26.9 |+ 6 42 325 | +57 | 162 o] d—h, 9X4 10| 05] 13.1 16.4 | 2.1
b — 5| =3 ’ d 3X3 05 ] 14.9

650 a 14 27.7 | +29 24 10 | +66 | 153 | +21 | d 4% 4 o 15.1 17.3 | 1.5
b +11 | + 3 d 3X3 o 15.9

660 - & 14 27.9 | +36 45 28 | +66 | 150 | +27 | d—he | 10X}5 26 | 0.5 14. 4 17.0 | 2.0
b —9 | — 2 ho 15X 4 111 | 0.5 ) 14.9

661 a 14 29.8 | +40 31 36 | +64 | 148 | +31 ]| d 9X6 119 | 0.5 ] 13.9 17.0 | 1.9
b + 4 |+ 8 3} 6X4 39| 1 4.1

662 a 14 30.2 | +31 24 15 | +66 | 153 | +23 | d—he 6X3 o| o 14.5 17.4 | 1.0
b + 5|+ 3 d 2X2 o 15.2

663 a | 5682.| 14 31.1 |+49 7 53 | +60 | 144 | +38 | ho 10X3 121 | O 13.7 16.3 | 1.0
b | 5683 +12 | — 5 d 3X3 o 14.2

664 a 14 33.2 |+ o 46 332 | +57 | 162 | + 3] d " 3X3 05| 14.3 17.1 | 2.0
b + 2 | 4+ 3 d 2X2 05| 14.7

665 a | 5709 | 14 34.5 | +30 52 14 | +65| 154 | +23| ve 16X 5 g5 | 0.5 ] 12.8 17.3 | 1.7
b | 5706 —17 | 413 d—h, 3X1.5 4| o 15.1

665’ a | 5709 | 14 34.5 | +30 52 14 | +65 | 154 | +23 | ho 18X 5 106 | 0.5 | 13.4 16.7 | 3.5
b | 5706 —17 | +14 d 7%X7 o 14.7

666 a 14 35.9 |+1I5 5 341 | +60 | 161 | + 8 | d—h, 7X3 38| 05| 14.3 16.3 | 1.1
b o | +10 d 3X3 [ 14. 4

667 a | 5730 | 14 36.1 | +43 11 ' 40 | +62 | 148 | +34 | ho 20X 3 8 | o 13.7 16.3 | 0.9
b | 5731 +30 | +25 ho 9X3 120 | I 13.9

668 a 14 37.5 |+ 9 25 332 | +56 | 164 | + 3| d—ho 5X2 154 | 0.5] 14.6 17.2 | 1.2
b —1I o ho 8X2 100 | © 14.8

669 a 14 37.8 [ —15 31 307 | +38 | 174 | —20| d 9X9 o 12:2 16.7 | 1.3
b -3 |+ 8 d 3X3 o 14.5

670 a 14 38.0 |+ 5 19 326 | +54 | 165 | — 1| d—ho | 20X7 162 | O 12. 5 16.8 | 2.9
b +24 | + 2 d 5X5 o 15.0

671 a 14 38.1 |+ 5 27 327 | +54 | 165 ol d 4X4 o 14.6 16.8 | 2.8
b — 8| —o9 d—h, 5X3 167 | o 14.6

672 a 14 40.9 | +17 44 346 | +60 | 161 | +11 | d 4X4 o 13.5 16.2 | 3.0
b —I11 | — 2 d—h, 3X1.5 92| o 14.9

673 a 14 41.1 | +73 4 79 | +42 | 121 | +57 ] d—he 4X2 71 | 0.5 ] 14.8 16.4 | 1.7
b + 3 | —16 d—he 5X2 8 | o 15.2

674 a | 5754 | 14 41.3 [ +39 1I 32 | +63 | 152 [ +31 | d 10 X 10 05| 13.7 16.8 | 2.6
b | 5755 + 7 | +30 o 8x8 1 | 14.2
c | 5752 —I1 | — 2 d 4X4 o5 ) 14.8
d | 5753 — 3 | +46 d—he 8X3 174 | 051 15.3
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< : - '
= - - e ———————
% No NGO | . 1900 61000 |dacosd| A8 | ! b L B Type axb ¢ c m | Muary| My 4
™~ - .
1
:E: 675 & 14" 4175 | +28° 57 . 9°1 +64° 157°| +22°| d 5X5 o 14"5 703 | 14
b + 8 |+ 6 d . 5X5 o | 158
676 & | 5756 | 14 42.0 | —14 26 308 | +38 | 174 | —18 | g 18X9 40°| 1 12,7 | 13™1 | 16,8 | 0.8 .
b +15 +13 d—ho | 13X5 12 | o5f 151
677 a 14 42.0 | —13 18 310 | +39 | 174 | —17] & 20X10 | 10 0.5) 12,6 16.7 | 1.9
b + g | —26 d 4%X4 o | 14.5
c +10 | —20 d 4%X4 05| 14.6
678 a 14 43.6 |— 3 18 ' 319 | +47 | 170 | — 8| d 12X 8 37 o 13.5 15.9 | 2.7
b + 6 | —11 ) d 6X6 o | 14.3
679 a 14 43.7 |+ 7 14 . 330 | +54 | 166 | + 2] d 8X8 0.5 14. 4 17.1 | 1.7
b —1I1 +10 d 3X2 169 o 15,0
680 a 14 46.0 | +10 31 335 +56 165 | + 51 e 5X5 I 13.9 16.8 |. 3.0
b — 4 |+ 8 d—he 9% 4 143 | o | 150
681 a 14 46.1 | +47 48 47 | +50 | 148 | +38 )| d 6X4 160 | o 13.7 16,1 | 2.7
b +19 +13 d 3X3 o5} 14.1.
682 a 14 46,5 |+ 7 13 331 | +54 | 166 | + 3| d—ho 7X4 | 162 o 4.3 17.0 | 2.2
b | — 6 + 4 ‘ d 4X4 o 14.9 o
me 22979 - 683 a 14 46.9 | +43 9 39 | +60 | 150 | +35] ho 9X3 151 | o.5] 13.6 16.1 | 2.3
me29979 b ) + 7 | +18 d 4% 4 05| 14.4
684 a 14 48,0 |+ 3 45 327 | 451 | 168 | — 1] d 8X8 o 12.9 16.6 | 3.2
b — 5 | —20 . d 77Xy 05| 13.6 |
685 a | 57751 14 48.9 |+ 3 57 328 | 451 | 168 | — 1| h 35%X8 150 | 2 12.1 | 12.4 | 16.6 | 3.1
b | 5774 —38 +25 e 10 X 10 1 13.5 o
686 a 14 54.8 | +13 37 ' 342 | +55 | 166 | + 9| e—ho | 12X6 25| 1 | 14.8 16.2 | 2.5
b —3 |+ 09 . d TX5 6o | o | 15.0 .
687 a | 5821 | 14 56.0 | +54 20 56 | +54 | 144 | +45]| d "5X5 o 14.3 16,2 | 1.1
b . + 8 —10 ) d—h, 5X3 21 o 14. 5 _ ‘
688 a | 5813 |14 56.1 |+ 2 6 ) 327 | +48 | 171 | — 2| g 23X10 | 140 | I8 13.4 | 12.2 | 17.1 | 1.1
b | 5814 +26 | —40 e 3X3 1 14.7 :
689 a 14 57.5 | +48 45 47 | +56 | 149 | +41| ho 17X3 6o| o | 13.7 16.4 | 1.0
b —17 | —1 . 1 d 2X2 o | 14.4
690 o | 5828 | 14 57.5 | +50 23 51 | 456 | 148 | +42 | d . 6X6 o 13. 5 16.2 | 2.4
b : ' -1 =7 : ) d 5%X5 o | 14.5
691 a 14 58.2 | 4+48 43 47 | +57 | 149 | +41 | ho 18X 3 139 | © 13.2 16.4 | 0.8
b + 1 —31 d—he 4X2 168 | o | 15.0
692 a 14 58.3 | +11.36 340 | +54 | 167 | + 9] d 4% 4 o | 14.7 16.4 | 2.0
b + 6 -1 . ] d 3X3 o 15,1
693 a 15 Lz |+13 8 ‘3‘43 +54 | 167 | + 9} e 4% 4 1 15,1 16.5 | 0.9
b . +3 (—o9 ‘ e 4X4 1 ]153
694 & | 5846 y 15 1.4 |+ 1 359 328 | +48 | 172 | — 2| f 11X 11 9 |12.1|11.6 171 0.6
b [) — . [} 2X2 1 14.3
695 & 15 2.0 <413 4 343 | +54 | 167 | + o] d 9X9 05| 14.1 ‘16,5 [. 0,7
b + 1 —19 ‘ d 3X3 o | 156
696 & 15 2.0 | +46 57 44 | +57 | 151 | +39 ] he 8Xz2 150 | o | 13.8 16.4 | 1.1
b —12 +14 d 2X2 o 15.1
697 a | 5851 |15 2.2 |+13 14 343 | +53 | 167 | + 9| d—ho | 11X6 48| o) 14.3 16.5 | 0.7
b | 5852 +8 | -7 g 10X 5 102 | 2 | 14.3
[} —19 - 5 d—ho 5X3 172 o 15 4
698 a 15 2.9 |— 8 40 318 | +40 | 197 | —1x | d 7X5 49| o 13.5 15.9 2.4
b +12 | — 5 . d 3X3 o 143
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G No |NGC| aweo | o |dacosd| 46| 1 | b | L | B | Type | axd | 9 | ¢ | m |myy| m | a
&)
699 a| 5865 | 15" 4™6 | + o° 53 328° | +46°| 173°| — 2°| e 5X5 1 | 1276 169 | 2°1
b | 5869 +10 | —17 e 3X3 1 | 13.9
c —18 |+ 6 d 5%X3 106°| o | 14.3
700 & 15 6.4 |+ 2 9 330 | +47 | 173 | — 1] d 4X4 o | 14.8 17.0| 1.6
b + 2 | 411 d 4%X4 o | 153
701 & | 5895 | 15 10.1 | +42 23 36 | +56 | 155 | +36 | d—ho | 11X5 176 | o | 14.9 16.4 | 2.8
b | 5893 —18 | —22 d 8X6 | 36| o | 13.6
c | 5896 +10 | +12 d—he 8X4 28| o | 14.4
702 a | 5900 | 15 11.5 | +42 35 36 | +56 | 155 | +36 | ho 18X 6 128 o ] 13.6 16.4 | 3.0
b | 5901 — 6 | +1x d 4X4 o | 152
703 a | 5012 | 15 13.1 | +75 45 79 | +38 | 119 | +60 | d 3X3 o.5] 13.8 16.4 | 1.9
b | 5909 -9 | —2 g 10X3 37| 1 | 14.0
e | - —14 | +24 d 2X2 o | 14.3
704 a gggg 15 13.2 | +56 42 58 | +51 | 146 | +48 | o—ho |120X11 | 153 | 1 | 11.6| 11™8 | 16.0 | 2.2
b . —97 | +71 d 5X5 o | 14.3
705 & 15 13.4 | +14 12 347 | +52 | 169 | +11 ] d 4X 4 o5 14.7 16.7 | 2.5
b +11 | +10 d—h, 3X1.5| 139 | o0.5] 14.9 v
706 a [59)4 | 15 15.1 | +42 14 i 34 | +56 157 +36] d 4X4 0.5] 14. 1 16.4 | 2.9
1971?{ b + 3 | +16 d 5X5 o | 149
707 & | 5923 | 15 17.7 | +42 5 34 | +55| 157 | +37]| d 13X13 o5] 13.6 16.4 | 3.0
b | 5922 -7 —35 d 5X5 ) 15.2
708 a 15 18.7 | +13 5 346 | +50 | 171 | +10 ) @ 3X3 1 13.6 16.6 | 2.8
b — 7 | —14 d 2X2 | o | 14.9
709 & 15 20.3 | +13 48 347 | +50 | 171 | +12 | d 2X2 o 14.8 16.9 | 1.9
b 411 + 2 . d 3X2 30| o |152
710 & | 5930 | 15 22.6 +42 2 34 | +54 | 158 | +37] e 6X6 I 13.6 16.1 | 3.5
- b 5929 -3 | — 4 e 5%X5 1 | 141
711 & 15 28.0 | — 8 21 A 324 | +35 | 183 | — 7] d—ho | 11X4 77 o | 13.5 16.8 | 2.0
b +30 | —20 ho 9X3 10| o |14.3
712 a 15 28.0 [ +10 48 345 | +47| 175 | + 9| he 6X2 132 | o | 14.8 16.6 | 0.3
b o | — ¢4 he 5X15| 79| o | 14.7
713 a | 5951 | 15 29.0 | +15 20 351 | +49 | 173 | +14 | ho 17X 4 179 o 13.1 16.9 | 1.8
b +15 —¥2 ’ d—h, 4X2 174 | o | 15.1
714 & | 5954 | 15 29.9 | +15 32 352 | +50 | 173 | +14 | d—ho 9X 4 174 | o.5] 13.1 16.9 | 2.0
b | 5953 -7 |- 4] e 3%3 1 | 132
715 a 15 31.2 | +31 I3 15 | +53 | 166 | +28 | e—ho 8X4 95 1 13.6 17.1| 2.4
b + 5 -37 ho 12X3 48| o 14.9
c +16 | + 3 d 6X6 o | 1s5.0
716 & | 5962 | 15 31.9 | +16 56 354 | +49 | 173 | +15] & 18X10 | 103 | 10 | 12.4 | 12.5 | 16.7 | 2.7
b + 5 —14 d—hs 5X2 19| o 14.9
717 a 15 34.1 | +12 24 348 | +46 | 175 | +12 | d—h, 8X5 169 o 14.0 15.6 | 3.0
b . -2 | =7 d 6%6 o | 14.2
718 a | 5975 | 15 35.8 | +21 50 I | +50| 172 | +20] d 5X4 177 | o.5) 145 17.0 | 1.9
b -3 | +14 d 4%X4 o | 152
719 a | 5982 | 15 36.6 | +59 41 60 | 446 | 147 | +53| e 5X5 1 12.4 | 12.5 | 16.0 | 2.9
b | 5985 +75 | —17 8 40X 20 24| o5]| 11.4| 12,2
¢ | 5981 ' —63 | +23 ho 22X 4 144 | o | 12.5
720 a | 5980 | 15 36.8 | +16 6 | 353 | +48 | 174 | +15| ho 19X 5 21| o.5] 12.9 15.8( 2.3
b —16 | — 3 d—ho 6X3 9!l o |14.5
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No | NGC| @000 bi000 |dotcosd| A8 l b L B Type axXb ) ¢ m | mga| m d
721 a | 5906 | 15"42™5 | +18° 12 357° | +47°| 175°| +17°| ve 13X6 172°| 1 1275 16™9 | 2°1
b | 5994 =13 | — 9 d 2X2 o 15. 1 .

722 & 15 44.0 [+ 5 31 341 | +41 | 180 | 4+ 6| he 7X1.5 | 116 | © 15.0 17.1 | 1.0
b +6 | —9 d—h, 3X 1.5 8| o 152

723 a 15 44. +18 48 358 | +47 | 175 | +18 ) d 6X 4 13| 0 14.6 17.0 | 2.0
b —12 —12 d 1.5X 1.5 o |'15.3

724 @ 15 45. +18 50 358 | +47 | 175 | +19| h 6X2 158 | 1 14.6 16.9 | 2.1
b +10 | —11 d 3X2 163 | o 15. 4

725 a 15 45. +21 6 1 | +47]| 174 | +20 | @ 4X4 o 14.0 16.9 | 2.2
b + 5 o d 5X5 o 14.3

726 a | 6008 | 15 48. +21 25 2 | +47 | 174 | +21 | d 1IX8 8 | o 13.6 16.7 | 3.0
b +28 —16 d 6X6 o 14. 4

727 a | 6068 | 16 o. +79 15 8 | +35| 116 | +75| rS 9X5 173 13.3 16.2 | 1.9
b —20 - 4 e—h, 5X3 171 14.1

728 & 16 2. +20 3 2 | +43| 178 | +22 ] d 10X7 30{ o 13.5 16.8 | 2.0
b —8 | — 8 a 5X5 o 14. 4

729 & | 6070 | 16 4.8 |+ o 59 340 | +34 | 187 |+ 4| g 30X 14 55| 05| 12.1 | 1277 | 17.0 | 2.1
b +26 | +34 d—h, 9X4 1| o 14.9
c +33 | +44 d—he | 5X3 28| 0o 149

730 a | 16 5. + 1 20 341 | +34 | 187 | + 5| d—h, 4X2 4| o 15.1 17.1 | 1.8
b -5 |—3 d 3X3 | o 154

731 a | 6073 | 16 5. +16 57 358 | 441 | 180 | +20 ] d—h, | 1IX5 114 | © 13.5 16.8 | 1.8
b + 8 |+ 9 d 3X3 [ 15.0

732 a 16 8. +57 45 55 | +43 | 155 | +54 ) d 7X7 o 13.8 | 16.3 | 1.8
b | 6088 -3 + 3 d 2X2 o 14. 1

733 & 16 9.4 +37 32 26 | +45 | 171 +37] d 5X5 o 15.0 17.2 | 1.6
b : +16 |+ 9 d—h, 5X3 129 | © 15. 5 _

734 & 16 I10. +60 49 58 | +42 | 151 | +56 | d—ho 4X2 171 | © 14.0 16.1 | 2.6
b — 4 |+ 2 d 3X2 140 | © 14. 1

735 & | 6096 | 16 10. +26 48 12 | +44 | 177 | +28 | d 4X4 o 14.9 17.3 | 2.7
b + 8 — 4 d—h, 4X1.5 1| o0 15.3

736 a 16 12. +38 10 27 | +45 | 171 | +38] d 4X4 o 15. 4 17.3 ] 0.9
b : 43 | 4rr d 4X4 o 16. 1 ‘

737 & | 6117 | 16 15. +37 19 26 | +44 | 173 | +38| d 7X7 o 14.3 17.3 | 0.8
b + 8 | —16 d 3X2 176 | o 15.7
c o | =19 d—h, 4X2 134 | © 15.8
d + 1 -7 d’ - 3X3 o 16. 3

738 a 16 15. +59 34 56 +42 | 154 | +56| h 13X2 136 | 1 13.1 16.2 | 2.3
b =3 | +39 d 4X3 | 29| 0o |13.9
c +9 | —1 d 3X2 169 ("o 14.1

739 & | 6120 } 16 16.3 |+38 o . 27 | +44 | 172 | +39] d 4X4 o 14.1 17.3 | 0.2
b ) -3 |=2]" d 3X3 o 15.8

740 & 16 17. +40 10 30 | +44 | 170 | +41 | d 4X 4 o 14.3 171 | 2.1
b : -19 | —34 d—h, 6X3 42| o 15.1
[ -—20 -5 d 6X4 130 | © 15.3

741 'a | 6129 | 16 18.2 | +38 13 27 | +44 | 173 | +40 | d 3X3 o 14.7 17.3 | 0.2
b —19 |+ 7 d 3X3 o 15.7
c —14 |+ 5 d 2X2 o 15.8

742 @& | 6131 | 16 18. +39 11 29 | +44 | 172 | +40 | d 10X 7 172 | 0.5 | 12.8 17.3 | I.X
b +16 | —11 d 3X3 o 14.8
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'
Ig ____.————_——_——_——————_—_——
::El: No NGC | 2900 bi900 |decosd| A6 . Type d
1
'\I 3 O
E: 742’ a | 6131 | 16"1874 | +39° 10 29° | +44° 172°| +40°] d 11X8 149°| o 1275 1677 | 2°2
=1 b +17 | —10 d—h, 8X%X3 39| o 14.5
743 & 16 18.6 | +27 32 13 | +42 | 179 | +20| d 3X3 o 15.3 17.3 | 2.5
b + 1 — 5 d 2X2 o 15.5 :
744 a | 6137 | 16 19.5 | +38 10 27 | +43 | 173 | +40 ] d 4X3 168 | 0.5 ] 13.9 17.3 | 0.5
b ' -6 | +17 d 4%X4 05| 15.2
745 & 16 19.8 | +40 7 30 | +44 | 172 | +41 | d 10X 10 o5 ] 13.5 16.9 | 1.2
b o | —21 d—ho 4X2 177 | o 15. 4 .
cig) 746 8 16 20.6 | +41 9 31 | +44 | 171 | +42 | d 3X3 o 15.0 16.9 | 0.2
“ b . +9 | + 2 d 2X2 [ 15. 1
s1Bb| 747 & |IHS | 16 21.7 | +41 11 31 | +44 | 171 | +42 ] d 4%X4 0.5 | 14.6 16.9 | 0.0
. b + 6 | —I11 d 3X3 o 14.7
748 a | 6150 | 16 22.5 | +40 42 31 | +43 | 172 | +42 | e 4X4 1 14.7 16.9 | 2.9
b —10 — 9 d 3X3 o 15.2
749 a 6158 | 16 24.2 | +39 37 ) 30 | +43 | 173 | 41| e 3X3 1 14.7° 17.1 '. 2.1
b o + 8 d 2X2 o 15.8
c + 3 — 4 d—h, 4X2 20 | o 15.6
750 - & 16 24.4 | +40 30 30 | +43 | 173 | +42 | ho 7X2 76 | o 14.9 16.9 | 0.8
b : ol -5 — 2 : d 2X2 o 15. 4 ‘
751 @& | 6166 | 16 25.2 | +39 47 : 30 | +43 | 173 | +42 | d—ho 5X3 62 | o.5| 13.6 17.1| 2.3
: b : —I4 | —I9 e 3X3 b 14.9 .
c +28 + 6 d 2X2 o 15.0
d —29 +10 -] 3X3 1 15.1
e + 2 —20 ] 3X3 1 15.3
752 & 16 25.2 | 440 20 31 | +43 | 173 | +42 | d 4%X4 0.5 | 14.3 16.9 | 1.0
b + 6 + 1 d 3X3 o 14.8
c ) + 1 - 4 d 2X2 o 15.2
;o;g(,' 753 a.| 6173 | 16 26.4 | +41 2 31 | +43 | 173 | +43 ] e 4X4 1 14.2 16.9 | 0.9
“ b | 6174 +13 — 5 . d 3X3 o 15.1
754 & 16 27.5 {+40 3 30 | +42 | 173 | +43 ] d 3X3 o 14.7 16.8:| 1.5
b —4 |+ 7 d 2X2 0.5 | 14.7
755 & 16 40.2 | +61 3I 58 | +39 | 155 | +50 | h 14X2 145 | 5 14.2 16.7 | 1.5
b —16 | —23 d 3X3 051 155
756 a 16 46.1 | +62 21 59 | +38 | 154 | +61 | d 4X4 o 14. 4 16.5 | 2.6
b -1 + 3 d 3X3 05| 14.9
ad37-| 757 @& 16 46.6 | +45 38 .37 | +39| 174 | +48 ] d 2X2 0.5 ] 15.2 17.0 | 1.6
.- b —4 | — 2 d 2X2, o |155
758 a 16 46.9 | +46 53 39 | +39 | 174 | +49 ] d 15X 1.5 o |15.4 17.1 | 0.5
b + 3 — 3 - d I.5X1.5- o 15.7
759 a 16 48.1-| +23 28 . 10 | +35| 188 | 429 | d 3X3 o 15. 1 170 | 1.2
b ' . —10 | + 4 d 3X3 o 15.2
760 a 16 48.5 | +30 53 19 | +37 | 184 | +36 | d—ho 5X2 99| 0.5 | 14.9 17.0 | 1.9
b +16 | + 6 ’ d—ho 4X2 170 | o 15.2
761 a 16 49.1.| +30 40 19 | +36 | 184 | +36 | ho 6X2 135 | o 14. 7 17.0| 1.6
b + 4 + 2 d—he 3X15| 76| o 15. 4
762 a 16 50.7 | +12 3 . 358 | +30| 193 | +19}| d 8x8 o 12.2 14.6 | 2.5
b —16 | — 7 d—h, 4X2 173 | © 12.3
763 a | 6264 | 16 53.3 | +28 1 16 | +35| 186 | +34 | d—ho 6X3 20 | O 14. 8 1720 | 1.3
b +4 | of - d 1.5X 1.5 [ 15.6
764 a | 6267 | 16 54.0 | +23 10 11 | +33| 189 | +209 | d 10X 10 o 12.7 16.8 | 2.4
b -1 — 6 d 5X5 [ 15.7
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'
Ig S
1
::E': No NGC| 900 O1000 |decosd| A l b L B Type aXb ¢ ¢ m o mgal m d
™~ )
E: ‘ 765 a | 6278 | 16" 5676 | +23° 10’ 11°| +33° 189°| +29°| e 5X5 1 1376 16™6 | 3%
- b | 6276 —13 | +20 d 3X3 0.5 | 14.7
c | 6277 — 4 | +18 d 2X2 0.5 | 15.5
766 a 16 59.4 | +31 47 21 | +34 | 185 | +37] d 3X3 0.5 | 14.7 16.7 | 2.9
b ' -2 |+ 3 d 3X3 0.5 | 14.8
767 a 17 1.4 |+30 33 20 | +34 | 187 | +36 )] d 5%X5 05 ] 14.8 16.9 | 2.2
b — 2 | +13 d 2X2 o 15.0
768 a 17 5.6 |+37 10 28 | 4+34 | 184 | +42] d 3%X3 o 13.8 15.3 | 2.8
b o | —3 ho 9X2 92°f o 14.3
769 a | 6307 | 17 6.5 | +60 53 57 | +34 | 150 | +61 | e—ho 7%X3 116 | 1 13.2 15.3 | 1.8
b | 6306 — 5 | —13 : . d 3X3 o 14.0 | ’
770 a 17 20.4 | +25 4 15 | +28 | 194 | +34 | d 10X 10 05 | 14.5 17.6 | 2.0
b +40 | — 1 ho 10X3 166 | 0.5 | 14.6
771 a 17 45.7 | +14 19 6 | +18| 206 | +26 | d—ho | 10X6 “ 127 | o 13.9 16.4 | 2.4
b o | +10 d—ho 6X3 69 | o 14.7 v
772 & | 6468 | 17 46.3 | +17 30 10 | +20 | 204 | +28| d 2X2 o 14.0 16.1 | 1.0
b | 6467 -3 {— 4 d 2X2 05| 14.5 )
773 & 17 56.5 | +28 47 22 | 422 | 202 | +40 ] ho 6X2 35| 0.5 ] 14.2 17.2 | 1.4
b —6 |+ 7 d 3X3 o 15.3 )
774 & | 6555 | 18 3.3 | +17 35 12 | 4+16 | 208 | +30 | d IIXII 0.5 | 12. 4 15.51 3.2
b + 2 | +18 d—h, 5%X3 105 | o 13.9
775 & 18 8.3 |+421 24 16 | 417 | 208 | +35] e 5X5 1 13.9 16,0 | 1.0
b — 4 | — 5 d 3X3 o 14.1
776 a 19 22.9 | —I4 55 351 | —16| 238 |+ 5| d 3X3 o5 | 13.5 16.1 | 0.8
b o|—6 d 2X2 o 13.5
¢ —9 |+ 6 d 3X3 o |14.7
777 & 20 0.5 |—10 44 359 | —23 | 246 | +12 | d 6X6 0.5 | 14.2 16.6 | 2.3
b — 4 | +11 d 6X6 o 14.6
778 a 20 11.5 | —13 22 358 | —26 | 249 | + 8| f 6X6 0.5 | 12.2 15.6 | 2.1
b — 2 | +10 e 3X3 1 13.1
779 @ 20 14.2 | +11 14 21 | —15 | 247 | +34 | ho 10X2 107 | o 14.5 16.6 | 3.0
b —23 | — 9 d 6X6 o5 | 14.7 |
780 a 20 27.1 |— 2 35 11 | —25 | 252 | +20 ]| d 7X7 o 14.3 17.2 | 1.5
b -1 |+9 d 3X3 05| 15.0 ’
781 a | 6926 | 20 27.8 | — 2 22 11 | —25 | 252 | +20 | d—ho | 13X8 173 | o 12.2 17.2 | 1.9
b | 6929 +40 | — 4 d 3X3 o 13.8
781" a | 6926 | 20 27.8 | — 2 22 11 | —25 | 252 | +20 | d—ho | 14X8 175 | o 12,7 17.2 | 2.7
b | 6929 +40 | — 5 d 1 4%X4 o 14. 4
782 a 20 50.9 | —14 IO 2 | —35| 259 | + 9} d—ho 6X3 151 | O 14.5 16.3 | 3.0
b — 4 |+ 7 d 4% 4 o 14.6
783 a 20 52.0 [— o 36 16 | —29 | 258 | +23 | he 8Xz2 110 | O 14. 4 16.6 | 0.6
b . +16 | —15 | h, 8Xz2 150 | 0.5 ] 14.5
784 a 20 59.7 | +15 41 32 | —21 | 261 | +40| d 3X3 o 14.8 116.9 | 1.0
b + 4 | —1 d 3X3 o 15.1
785 & 21 26.6 |+ 2 1 25 | —35 | 268 | +26| d 6X6 o 14.2 16.6 | 2.0
b — 8 | — 4 d 4X4 -0 15.0
A6 ME 27412 ( 786 a 21 38.3 | +40 54 57 | —9| 272 | +64 | d 5X5 o 12.3 15.2 | 1.5
b — 8 | — 4 d 2X2 o 13.5
787 a 21 48.9 | —16 55 6 | —49 | 274 | + 6] ho 9X3 144 | © 13.6 16.1 | 1.3
b — 6 1+ 8 d 2X2 o 14. 4
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S| No | NGC| @000 bi000 |detcosd| 46 l b L B Type aXb P \ ¢ m |mm,'w m
il 488 a | 7223 | 22" 579 | +40° 31’ 61° | —13°| 285°| +63°] d 10X 10 <) 129 170
b -5 |+6 d 5X5 o 14.6
780 a | 7242 | 22 11.2 | +36 48 50 | —17 | 286 | +60| e 5X5 T 13.7 17.2
b +4 |+ 3 d 3X3 o | 149
790 & }253 22 14.8 | +28 53 56 [ —23 | 287 | +52 | ho 20X 5 103°| 0.5 | 13.2 17.3
b 7 + 6 | — 8 ho 16X 4 50| o 13.5
791 & 22 18.2 |+29 16 56 | —24 | 288 | +52 | e 6X6 1 14.8 17.3
b +2 |+ 5 e 3X3 1 15.6
792 a | 7320 | 22 31.5 [ +33 25 61 —22 | 293 [ +56 | d—h, 20X 7 141 | o.5 | 13.6 16. 5
b | 7319 + 1 | +18 d—h, 5X3 150 | o 14.6
c | 7318 —11 | +12 e 2X2 I 14.8
d | 7317 —26 | — 4 d 2X2 ) 14.8
793 & 22 31.7 | +21 7 54 —32 | 289 | +44 | d 9Xg o5 | 13.3 16. 4
b —8 | -9 d 4%X4 o 15.2
794 @ | 7323 | 22 32.0 | +18 37 53 —34 | 289 | +41 | d 7X7 o5] 13.3 16. 3
b | 7324 +18 | + 3 d 2X2 o 14.5
795 & | 7331 | 22 32.5 | +33 53 62 —21| 203 | +56]| s 75%20 | 170 |18 10.8 | 11™2 | 16.6
b | 7337 +46 | —26 d 2X2 ) 14. 4
¢ | 7335 +32 | +19 h 10X3 60 | 1 14.5
d | 7338 +57 o d 2X2 o 14.5
e | 7340 +83 | — 1 e 2X2 1 14.8
f | 7325 —34 | —29 - d 2X2 o 14.8
g | 7327 | —21 | +24 d—h, 6X3 103 | o 14.9
h | 7326 —26 | + 4 d—h, 2X1 161 | o 15.3
i 7333 +15 | +13 d IX1 o | 153
j| 7336 +36 | +40 d 2X2 o 15.4
796 a | 7332 | 22 32.6 | +23 16 56 | —30 | 290 | +46 | h 21X 4 160 | 4 13.1 | 12.6 | 16.7
b | 7339 +52 | — 7 ho 20X 3 9o | o5 | 13.6
797 & | 7371 | 22 40.8 | —11 32 24 | —58 | 287 | +1x | f 12 X 12 05| 13.8 | 12.9] 16.4
b — 6 | — 8 d—h, 5X2 88 | o 15.0
798 a | 7374 | 22 41.0 | +10 21 48 —42 | 289 | +33] d 7X7 0.5 | 14.2 16. 3
b —~ 4 |+ 09 d 3X3 o5 | 14.6
799 & 22 44.9 | — 4 56 35 | —54 | 288 | +18 ] d 5X5 o 14.9 17.0
b +2 [ +9 d 3X3 o 15.1
180 a| 7435 | 22 53.2 |+25 36 62 | —31 | 299 | +47 | d 3X3 o 14.1 16.3
b | 7436 +6 | 4+ 7 [ 3X3 1 14.2
€| 7433 —I10 | — 2 d 2X2 o 15.3
801 a 22 56.6 | +24 38 62 —32 | 298 | +46 | d 12X 12 o 13.3 16. 1
b —21 | 412 d 5X5 o 14.2
802 & | 7463 | 22 56.9 | +15 27 57 —40 | 296 | +37 | ho 9X3 86 | o5 ] 13.2 16. 8
b | 7465 +22 | 4+ 9 h 6X2 168 | 1 13. 4
c | 7464 +5|—5 d 3X3 0.5 | 13.8
803 a | 7469 | 22 58.3 |+ 8 21 52 —46 | 294 | +30 | d—ho 7X3 122 | © 14.0 | 13.0 ]| 16.6
b — 7 | —11 d 3X3 o 14.7
804 a | 7480 |23 0.2 [+ 2 1 47 —52 | 294 | +23] g 12X 4 120 | 2 14.8 17.0
b —31 | — 6 d 6X6 o 15. 5
805* a | 7541 | 23 9.6 |+ 3 59 52 | —51 | 297 | +25| pS 25X 7 99 | 0.5 | 11.6 | 12.8 | 16.5
b | 7537 —20 | —23 : h 13X2 8 | 4 13.1
805’ a | 7541 |23 9.7 |+ 3 59 52 | —51 | 297 | +25| ho 30X8 97 | 0.5 11.3 | 12.8 | 16.6
b | 7537 —22 | —22 g 11X4 69 | 2 12.8
20—37622.
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CATALOGUE OF DOUBLE AND MULTIPLE GALAXIES

No NGC %1900 61900 |dacosd| A4 ! b L B Type axb @ c m My My d

806 a 23" 1076 | — o° 8§’ 49° | —55° 206° | +21°| d 7X6 20°| o 14™0 1678 | 2°2
b —10 | +13 d 3X3 [ 14.7

807 a 23 12.2 |+ 5 6 54 —51 | 297 | +26] d 3X3 o 13.9 16.5 | 0.3
b + 3 | —10 d 2X2 o 14.6

808 a 23 16.8 |+ 4 28 55 | —52 | 298 | 425 ] d—ho 8X 4 173 | o 13.7 16.4 | 1.6
b +13 | +19 h, 8Xz2 110 | 0.5 | 13.8

809 a 23 28.9 | +29 31 72 —30 | 310 | +49 | d—he | 11X7 131 | O 12.6 16.8 | 1.2
b —24 | —14 d 5X5 o 14.6

810 a | 7714 | 23 31.1 |+ 1 36 58 —56 | 301 | +21] e 5X5 1 13. 4 16.1 | 2.9
b | 7715 +20 | + 1 h 15X 3 70| 0.5 14.3

811 a 23 32.3 |+ 4 22 61 —54 | 302 | +23 | d—ho 6X3 10 | 0.5] 14.5 6.5 | 1.0
b — 3 | —15 d—h, 4X2 8| o 15.3

812 a | 7721 | 23 33.7|— 7 4 50 —64 | 301 | +13 | ho—s 33X 11 20 | 05| 12.7 | 124 | 16.4 | 2.6
b —16 | —12 ho 15X 2 167 | o 15.0

813 a | 7732 | 23 36.4 |+ 3 10 61 —55 | 303 | +22 | he 14X3 go | o5 13.9 16.5 | 1.0
b | 7731 —12 | + 9 [ 3X3 2 14.7

814 a 23 36.9 | — 4 46 54 —62 | 302 | +15 | d—ho | 1IX7 44 | o 13.7 16.3 | 2.8
b —23 | +10 d 4%X3 100 | O 14. 4 :

815 a 23 38.1 [+18 6 70 —42 | 309 | +37 | d 3X3 o 14.5 16.2 | 2.1
b + 1|+ 3 d 3X2 23 | o 14.8

816 a | 7753 | 23 42.0 | +28 55 75 ;31 314 | +47| g 30X 16 65 | 1. | 12.6 16.6 | 2.1
b —13 | —15 e 4X4 I 13.6

817 a | 7757 | 23 43.6 |+ 3 37 65 —55 | 305 | +21 | f 20 X 20 05| 13.2 16.4 | 2.0
b | 7756 —37 | —22 he 4X1 10| 0 15.1

818 a | 7768 | 23 45.8 | +26 35 76 —34 | 314 | +44 | e 3X3 I 14.5 16.7 | 1.7
b | 7767 —24 | —28 h—h, 7X2 141 | 0.5 | 14.7
c | 7765 —15 | +10 d 4X4 05| 14.9
d | 7766 — 6 | —14 d 3X2 47 | o 15.0

819 a 23 46.2 | +42 59 8 | —18 | 322 | +61| d—ho 6X3 58| o 15.0 17.0 | 2.0
b —5|—3 d ‘2X2 o 15.3

820 a | 7771 | 23 46.3 | +19 33 73 —41 | 310 | +38 | h—ho | 14X3 70 | 1 13.0 16.4 | I.I
b | 7770 —5|—09 d 3X3 o |1338
¢ | 7769 —51 | +20 f 8Xx8 1 12.5 | 12.9 |

820" a | 7771 | 23 46.3 | +19 33 73 | —41 | 310 | +38 | g—h 13X3 71 | 1 13. 4 16.1 | 2.8
b | 7770 -6 | —o9 d 3X3 o 14. 1

821 a | 7774 | 23 47.1 | +10 55 70 —49 | 308 | +29 ] e 4X4 I 14.5 16.3 | 1.6
b + 4 ol d 3X3 o 14.8

822 a 23 51.6 | — 3 12 63 —62 | 306 | +15] d 6X6 . o 14. 4 16.6 | 1.3
b —19 | —17 h 8X1.5 o| 1 14.8

823 a 23 51.7 |— 3 54 62 —63 | 307 | +14 | d—ho | 10X6 127 | O 13.5 16.7 | 1.2
b — 1 | —21 d—h, 5X3 15| o 14.0

824 a 23 54.5 | —12 1 53 | —71 | 305 | + 7] vS(® | 25%4 | 125:) 6 | 13.8 15.8 | 2.8
b —13 | +15 d—h, 5X3 30| o 14. 4

825 a 23 55.7 | +27 51 78 | —33 | 318 | +45] d 3X3 o 14.7 16.8 | 1.6
b -7 o d 4X4 0.5 ] 15.0

826 a | 7805 | 23 56.3 | +30 52 79 | —30 | 319 | +48 | e 3X3 1 14.3 16.6 | 2.6
b | 7806 + 8|4+ 6 e—h, 5%X3 176 | 1 14.5

827 a 23 58.0 | — 2 28 70 —58 | 308 | +15] d ITXII o 12. 8 16.3 | 3.0
b —22 | —26 d—ho 5X3 170 | © 14.6
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NOTES TO THE PRECEDING CATALOGUE

In the following list some notes are given to the preceding

catalogue. For the sake of brevity the following denotations have
been introduced:

R =

A=
S =

13.
17,

44.
46.
68.

72.
73.
74.
75.
71.
94.
96.
98.
102.
105.
106.
113.
115.
124.
128.
133.
158.
160.
173.
175.

182.
195.
223.
224,
229.
234.

K. Reinmuth’s catalogue, Die Herschel-Nebel (Heidelberg
Versff, Band 9 (1926)).

A. Ames’s catalogue (Harvard Ann 88, No 1 (1930)).

H. Shapley’s and A. Ames’s catalogue (Harvard Ann 88, No 2
(1932)).

Comp. e is given by R.

Comp. b is given by R.

The distance from the centre of the plate is measured from
the nucleus of comp. a.

Comp. b is given by R.

Comp. b is given by R.

The value of the position angle of comp. a is in bad agree-
ment with the value given by R. This may be due to a
different conception of the object.

The system forms part of a small cluster.

The system forms part of a small cluster.

The system forms part of a small cluster.

The system forms part of a small cluster.

Comp. b is given by R.

Position angle of comp. a refers to the central nuclear parts.
Comp. b is given by R.

Comp. b and ¢ are given by R.

Comp. b is not well defined on the plate.

Comp. b is given by R.

. Comp. b is given by R.

Comp. b is given by R.
Comp. b is given by R.
Comp. d is given by R.
Comp. b is given by R.
Comp. b is given by R.
A star may be projected on the nucleus of comp. a.
Comp. b is given by R.

The nuclei of comp. @ and b are eccentrically situated.
According to R, NGC 3189 and NGC 3190 form only one
object. The magnitude value given by S refers to NGC 3190.
The two objects are not well defined on the plate.

Comp. b is given by R.

The system forms part of a small cluster.

Position angle of comp. a refers to the central nuclear parts.
Comp. b is given by R.

According to R, NGC 3563 consists of two objects.
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235.
237.
241.
246.
249,
252.
253.
258.
266.
2170.
284,
285.

287.

288.
289.
290.
295.
300.
306.
307.
308.
312.
313.
320.

324.
337.

’

345

347.
353.
357.
359.
365.
366.
368.

376.

3717.

379.

380.
387.

The system forms part of a small cluster.

The system forms part of a small cluster.

Comp. ¢ is given by R.

Position angle of comp. a refers to the central nuclear parts.
Comp. c is given by R.

Comp. b is given by R.

The system forms part of a small cluster.

Comp. b and ¢ are given by R.

Comp. b is given by R.

Comp. b is given by R.

The system forms part of a small cluster.

The system forms part of a small cluster. Comp. b is given
by R.

The system forms part of a small cluster. Comp. b is given
by R.

The system forms part of a small cluster.

The system forms part of a small cluster.

The system forms part of a small cluster.

Comp. b is given by R.

Comp. b is given by R,

Comp. b is given by R.

The two components dlmost form only one object.
Position angle of comp. b refers to the central nuclear parts.
Comp. b is given by R.

_ According to S, comp. a and b are IC 749 and IC 750 resp.

The parts of comp. a that are situated outside the nucleus
are very faint. Comp. b is given by R.

Comp. @ is given by R.

Comp. b is given by R.

Comp. ¢ is given by R.

Comp. b is given by R.

According to A, the apparent magnitude of comp. a is 1176,
Comp. b is given by R.

According to A, the apparent magnitude of comp. a is 12™9.
Comp. b is given by R. i

Comp. b is given by R.

According to A, the apparent magnitudes of comp. a, b
and ¢ are 12M5, 12™4 and 12™9 resp.

According to 4, the apparent magnitudes of comp. a and b
are 12™8 and 13™0 resp.

According to 4, the apparent magnitudes of comp. ¢ and b
are 12™5 and 13™0 resp. .

According to 4, the apparent magnitude of comp. a is 1172,
According to 4, the apparent magnitude of comp. a is 1279,
According to A, the apparent magnitude of comp. @ is 1174,
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388.
391.
397.

403.

409.

411.
413.
415
417.
418.

419.
420.

421.

422,
4217.

429.
438.
439.
448.

459.
469.
473.

474.
485.
488.
492,
495.
498,
499.

502.
510.
511.
514.
516.
519.

NOTES TO THE PRECEDING CATALOGUE

According to A, the apparent magnitude of comp. a is 1277,
Comp. b is very starlike.

According to 4, the apparent magnitudes of comp. a and b
are 120 and 12™9 resp.

According to A, the apparent magnitudes of comp. @ and b
are 10™M9 and 12™3 resp.

The system forms part of a small cluster. According to 4,
the apparent magnitudes of comp. @, b, ¢ and e are 10™9,
1078, 12™4 and 1371

The system forms part of a small cluster. According to 4,
the apparent magnitudes of comp. ¢ and b are 11™9 and
11™8 resp.

The system forms part of a small cluster.

According to 4, the apparent magnitude of comp. a is 10™2.
According to R, NGC 4496 consists of two objects.
Comp. b is given by R.

According to 4, the apparent magnitude of comp. a is 1278,
Comp. b is given by R.

Comp. b is given by R.

Position angle of comp. a refers to the major diameter of
the object. For the central nuclear parts the angle amounts
to 40°. According to 4, the apparent magnitude of comp. a
is 11™8. Comp. b is given by R.

According to 4, the apparent magnitude of comp. a is 1274,
Comp. b is given by R.

According to A4, the apparent magnitude of comp. a is 128,
According to A, the apparent magnitudes of comp. @ and b
are 12™5 and 12™5 resp.

According to 4, the apparent magnitude of comp. a is 12™5.
The two objects are not well defined on the plate.

Comp. a has no well defined nucleus.

According to A4, the apparent magnitudes of comp. a and b
are 10™5 and 12™8 resp.

According to R, NGC 4676 consists of two objects.
Comp. b and ¢ are given by R.

Comp. b is very starlike. According to R, this object
may be a star.

Comp. b is given by R.

According to B, NGC 4782 is situated south of NGC 4783.
Comp. b is given by R.

According to R, NGC 4841 consists of two objects.

Comp. b is given by R.

According to R, NGC 4893 consists of two objects.

The system forms part of a small cluster. Comp. b is given
by R.

According to R, NGC 4933 consists of two objects.

Comp. b is given by R.

Comp. b and ¢ are given by R.

According to R, NGC 5077 consists of two objects.
Comp. b is given by R.

Comp. b is given by R.

533.
541.
542.
548.
565.
567.
568.
569.
578.
582.
585'.
595.
597.
621.

622.
641.
645.
658.
694.
701
703.
704.
718.
721.

7217.
732.
739.
741.
744.
745.
746.
747.
748.
749.
750.
752.
753.
762.
763.
764.
774.
788.
789.
790.
792.

798.
805.
824.

Comp. b is given by R.

Position angle of comp. a refers to the central nuclear parts.
Comp. b is given by R.

Comp. b is given by R.

Comp. b is given by R.

Comp. b is given by R.

Comp. b is projected on comp. a. Comp. ¢ is very starlike.
Comp. b is given by R.

Comp. b is given by R.

Comp. b is given by R.

Comp. e is given by R.

Comp. b is given by R.

Comp. b and ¢ are given by R.

The parts of comp. a that are situated outside the nucleus
are very faint.

Comp. b is given by R.

Comp. b is given by R.

Comp. b and ¢ are given by R.

Comp. b is given by R.

Comp. b is given by R.

Comp. a is not well defined on the plate.

Comp. ¢ is given by R.

According to R, NGC 5906 and NGC 5907 are only one object.
Comp. b is not well defined on the plate.

A star may be projected on comp. a@. The star is not included
in the apparent magnitude.

Comp. b is given by R.

Comp. a is given by R.

Comp. b is given by R.

Comp. b and ¢ are given by R.

Comp. b is given by R.

The system forms part of a small cluster.

The system forms part of a small cluster.

The system forms part of a small cluster.

Comp. b is given by R.

Comp. b and ¢ are given by R.

The system forms part of a small cluster.

The system forms part of a small cluster.

The system forms part of a small cluster.

Comp. a is not well defined on the plate.

Comp. b is given by R.

Comp. b is given by R.

Comp. b is given by R.

Comp. b is given by R.

Comp. b is given by R.

According to R, NGC 7253 consists of two objects.

A star may be projected on comp. @. The star is not included
in the apparent magnitude.

Comp. b is given by R.

Comp. a (type p) is somewhat s-formed.

Comp. a is not well defined on the plate.
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SUMMARY

The present paper contains a study of double and multiple galaxies. The apparent properties of the 827
double and multiple systems given in the present catalogue have been determined by means of the extensive
collection of Bruce plates of the Heidelberg Observatory. In connection with the above investigations some
general metagalactic problems are discussed. _

In Chapter I the general clustering tendencies within the metagalactic system are discussed. The existence
of double galaxies cannot be explained as a result of absorption effects. There is an unbroken line of transition:
double galaxies — multiple galaxies — metagalactic clusters — metagalactic superclusters or clouds.

In Chapter 11 the working definition used in this paper of a double or multiple galaxy is given (formula (1)).
The double galaxies selected according to the said definition prove in general to be physical systems. It is
thus found that the probable number of optical systems included in the present catalogue should amount to
only some few per cent. The apparent distribution of the 827 double and multiple systems is given in Fig. 3.

In Chapter 111 the plate material used for the present investigation is discussed. The limiting magnitudes
of the Bruce plates are situated between 1570 and 17"5. More than 809, of the northern hemisphere is
covered with plates.

In Chapter IV an account is given of the examination of the plates. The concentration of light within
the galaxies is defined in formula (5). This definition has proved to be very convenient in practical use.

In Chapter V the determination of apparent total magnitudes of the galaxies is discussed. In the pre-
sent case estimations have been made by means of star counts (a diagram is given in Fig. 9). The mean error
in a single determination amounts to about 04. The dependence of the estimated values on the distance of
the object from the centre of the plate and on the limiting magnitude of the plate is investigated. It é,ppears
that faint objects are estimated too faint because the outer parts of the objects do not appear on the plate.

In Chapter VI the apparent dimensions of the galaxies are discussed. Faint galaxies are generally measured
too small and these effects clearly appear in the present material.

In Chapter VII the absolute magnitudes and dimensions of anagalactic objects are investigated. From
metagalactic clusters, from individual distance determinations and from double and multiple galaxies a dispersion
in the absolute magnitudes of about 10 is obtained. The dispersion in the quantities log 4 (4 being the ab-
solute major diameter) amounts to about 0.30. By means of double and multiple galaxies a very marked
sequence of different types of galaxies is obtained: elliptical objects — spirals of type v — spirals of type s —
spirals of types r, u, w — irregular objects. It is shown that it is possible to explain the difference in absolute
luminosity between these different types as an absorption effect.

In Chapter VIII the spatial arrangement within the nearer Metagalaxy is investigated. It is found that
galaxies in general and similarly double and multiple objects form a local metagalactic cloud. It is possible
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that the number of objects within this cloud amounts to about 4000. Among the bright galaxies every second
forms part of a double or multiple system. _

In Chapter IX the apparent and absolute types of the galaxies are discussed. The apparent type may
depend on the absolute type, the inclination of the object towards the line of sight, the distance of the object
and the observational conditions. It is found that the inclination of the spirals towards the line of 'sight has
a random distribution and that the form of the spirals can, on an average, be represented by an oblate spheroid,
where the ratio of major and minor axis equals 0.20.

In Chapter X some investigations into the existence of dark matter within the galaxies are made. By
making certain assumptions regarding the distribution of bright and dark matter in the spirals it is found that
the observed total magnitude must depend on the inclination of the object towards the line of sight. These
theoretical derivations prove to be in good agreement with observed facts (Cf. Fig. 28). It is further shown
that the observed total magnitude of an object will depend on its absolute dimensions, if an expansion or con-
traction is assumed. Thus, it is possible to explain the difference in absolute luminosity between elliptical ga-
laxies and spirals as an absorption effect. The absorption within the Galdxy is investigated by means of the
SHAPLEY-AMES catalogue. As regards the optical thickness of the galactic absorbing layer a rather large value
is obtained.

In Chapter XI it is shown that the orbital planes of double galaxies may, on an average, be parallel
to the metagalactic plane established by LunpMARK in his investigations of the apparent distribution of the
galaxies. The average distance between the components of double galaxies amounts to about 4000 parsecs,
while the average distance in space between single galaxies may be nearly a hundred times as large.

In Chapter XII it is shown that the formation of double galaxies is very probably due to captures. By
starting from certain formulae of statistical mechanies it is possible to explain the relation between the observed
density function of double galaxies and the same function of galaxies in general. It is found that the formation
of the observed number of double objects should correspond to an interval of time of 4.10'® years, which inter-
val is here called the effective age of the metagalactic system. From the radial velocities determined for the
components of double systems an average mass of the galaxies of about 10 © is obtained.
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PLATES

The photographs of double and multiple galaxies, reproduced on the accompanying plates are enlarge-
ments from the Bruce collection of the Heidelberg Observatory. The enlargements in question have been pre-
pared in the photographic laboratories of the observatories at Heidelberg and Lund. Most of the objects suitable
for photographid reproduction have been jncluded, and we have tried to give a representative selection of
various types. A careful refouch-work has been made in order to bring out in the reproduction as intricate
structural details as is possible.

The numbers refer to the numbers in the present catalogue. On the reproductions the right ascension
increases from the left side towards the right and the declination increases from the bottom and upwards.
In order to show the apparent dimensions of the objects the straight horizontal lines have been drawn. The
length of these lines amounts in all cases to five minutes of arc.

21 —317522.
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DOUBLE AND MULTIPLE GALAXIES: PLATE 1 163
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DOUBLE AND MULTIPLE GALAXIES: PLATE 2
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DOUBLE AND MULTIPLE GALAXIES: PLATE 3
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DOUBLE AND MULTIPLE GALAXIES: PLATE 4
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DOUBLE AND MULTIPLE GALAXIES: PLATE b
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DOUBLE AND MULTIPLE GALAXIES: PLATE 6
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No 604.
(NGC 5506, 07)
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