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ABSTRACT

Integrated UBV photometry is given for 197 non-
Seyfert Markarian galaxies and is compared with existing
photometry of field galaxies. The distributions of
galaxy colors overlap by almost seventy-five percent, andg
the color-color relations are the same.‘ The color-
aperture relations derived from multi-aperture observations
show that the Markarian galaxies generally get bluer
towards their centers, unlike all but the latest types
of field galaxies.

Thirteen binary galaxies with good radial velocity
data are used to derive the mean minimum mass-to-light
ratio for Markarian galaxies. It is the same as the mean
minimum mass-to-light ratio for field binary galaxies.

All Markarian galaxies with mpg Z 14.0 are mor-
phologically classified in the modified Hubble sequence.
The distibution of morphological types for Markarian
galaxies is generally similar to that of field galaxies.
The only significant difference is that the Ma;karian
sample shows a factor of three excess of very late type
galaxies. The Markarian galaxies are generally blue for

their morphological type but fall within the distributions
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of colors for their field counterparts. The bluest types
~ Magellanic spirals and irregulars -~ extend 0.3 magnitude
bluer in U-B than the bluest field galaxies.

The Markarian galaxy luminosity function is derived
from the available data for all seven lists of objects.
Markarian galaxies représent approximately one tenth of
all galaxies with absolute magnitudes fainter than M = =22
(H = 50 km sec™! Mpc™l). A crude estimate is made of the
space density as a function of color for both Markarian
and field galaxies. Markarian appears to be finding all
galaxies with U-B < -0.3 plus a decreasing fraction of the
redder galaxies.

For the Markarian galaxies with a?ailable data, there
are strong correlations of the emission line strength,
measured by HB equivalent width, with color and absolute
magnitude. There are also weaker correlations of the
excitation parameter I([O0 III]A5007)/I(HB) with color.

The optical and radio data indicate that the non-
Seyfert Markarian galaxies (85% of all Markarian objects).
are not a new class of object but rather a subset of
normal galaxies, Markarian selects thé bluest galaxies
and those galaxies which are blue for their morphological
type.

The Markarian galaxy photometry and photometry of

galaxies in the lists of Haro and Zwicky extend the observed
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galaxy two color distribution significantly bluewards.
Exisﬁing evolutionary models of galaxy colors (Tinsley
1968, 1972; Searle, Sargent and Bagnuolo 1973) do not
match the observed colors of these blue galaxies. Models
of galaxies are constructed with a variety of star for—
mation histories and initial mass functions. The models
include the effects of emission by gas ionized by the hot
stars in the galaxy.

Three general classes of models were studied. 'Oldi
galaxies are systems that are more than 1010 years old.
'Young' galaxies are systems that are less thanvone tenth
that age. 'Composite' galaxies are 'old' galaxies, with
properties similar to ordinary spirals and ellipticals,
plus a burst of fecent.star formation. Powerlaw initial
mass functions wére used.

In order to fit the observed colors, 'old' galaxies
must have high mass star enriched initial mass functions
and nearly constant rates of star formation. 'Young'
galaxies must have large amounts of internal reddening. If
their initiai mass function is the Salpeter function, they
must be less than 108 years old. 'Composite' galaxies
must have bursts of star formation that contribute approx-
imately twenty to fifty percent of the V band light.

Comparison of model predictions with the observed
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metal abundance, color-magnitude distribution, and internal
reddening lead us to conclude that 'composite' models best
fit the observed properties. There is no compelling
evidence for the existence of 'young' galaxies ~ objects
only recently condensed out of the intergalactic medium.

In addition, comparison of model predictions with the
observed HB emission as a function of color in blue galax-
ies leads to the conclusion that some of these galaxies are
forming stars with an initial mass function flatter than

the Salpeter function.
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CHAPTER 1

THE NATURE OF MARKARIAN GALAXIES
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I. INTRODUCTION

Markarian and Lipovetsky (Markarian 1967, 196%9a, 1969b;
Markarian and Lipovetsky 1971, 1972, 1973, 1974) published
seven lists of galaxies with ultraviolet continua found on
a low dispersion (1800 R/mm at Hy) objective prism survey.
Spectroscopic observations at intermediate dispersions by
iarge numbers of observers have provided classifications
for ~ 500 of the 699 objects. Huchra and Sargent (1976)
estimate that 11% of the objects are Seyfert galaxies, 2%
are galactic stars, and 2% are guasars or non-stellar
objects with featureless continua similar to BL Lacertae.
The bulk of the objects are galaxies or parts of galaxies
with spectroscopic properties ranging from absorption line
spectra to high eXcitation, sharp emission line spectra
similar to H II region spectra. This study will be devoted
to this last class of non-Seyfert galaxies. Hereafter, the
term 'Markarian galaxy' will refer to non-Seyfert, non-
BL Lacertae type Markarian galaxies,.

Various explanations have been proposed for the appar-
ent UV excess in these galaxies. Markarian (1967, 1972).
divided the galaxies into two classes - “stellar“.aﬁd
"diffuse" ~ based on their appearance on the prism survey
plates. He concluded that the diffuse yalaxies represent

associations of stars and gas, but that the "atellar"”



~3-

objects — galaxies with bright nuclei - are closely related
to Seyfert galaxies, with excess ultraviolet radiation of
non-thermal origin. However, a photometric study by Weédman
(1973) showed that the continua of all the non-Seyfert
galaxies could come from stars and gaé. Weedman also showed
“that a definite separation exists between the Seyfert and
non-Seyfert colors, but an overlap between the colors of
diffuse and bright nucleus galaxies. Most of the galaxies
he observed were.much bluer than the field galaxies observed
by de Vaucouleurs (1961, 1972).

More detailed studies of single objects, for example
that of Sargent and Searle (1970), suggest that some are ob-
jects with much recent star formation. Radio surveys by
Sramek and Tovmassion (1975) and other authors referenced
therein discovered that very few of these galaxies have sig-
nificant continuum radio emission. 2l-cm neutral hydrogen
studies by Bottinelli et al. (1973, 1975) showed that these
galaxies contain neutral hydrogen.

Despite the work that has been done on the Markarian,
sample, there is no clear understanding of the Markarian
galaxies and what their relationship is to the 'normal' cr
field galaxies. In this paper we will examine the proper-
ties of a large number of Markarian galaxies, including two
well defined complete samples. We will compare these prop-

erties to those of field galaxies. We define what the non-
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Seyfert Markarian galaxies are with respect to the field
galaxies, and define what a Markarian galaxy is in terms
of our observed parameters. We will find that the Markarian
galaxies are basically an extension of the normal field
galaxies.
In Section II of this paper we present new and summa-

rize existing UBV photometry, morphological classifications,

and spectroscopic data for Markarian galakies. A Hubble
constant of 50 km sec ' Mpc_1 is used throuéhout. In
Section III these and other available data are compared
with data for field gélaxies. Other properties of the
Markarian galaxies are discussed. 1In Section IV the results

of these comparisons are discussed and conclusions as to

the nature of Markarian galaxies are presented.
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II. THE DATA

We present here the available photometric spectroscopic
and morphological data for a large sample of Markarian
galaxies. The data have been obtained by the author or col-
lected from sources in the literature. Complete UBV photom-
etry is presented for the "photometric sample" — the 91
galaxies in lists I-IV with apparent photographic magnitude
< 16.0 and absolute photographic magnitude 2 -20.35. Com-
plete morphological data (classifications in thé modified
Hubble sequence of de Vaucouleurs (1961)} are presented for
the 91 galaxies in all seven lists with apparent photo-
graphic magnitude = 14.0. Photometry is available for 73 of
these galaxies. 1In all, photometry is available‘for over
200 Markarian'galaxies. Quantitative spectroscopic data in
the form of the HB equivalent width in emission and the ex-
citation parameter I([O III] A 5007)/I(HB) are available for
103 of the Markarian galaxies with photometry.

a) Photometry and the Sky Survey Diameters

Photometric observations were made on 35 nights from
1972 to 1976 on the 2.5-m telescope at Mount Wilson and the
1.5-m telescope at Palomar Mountain. The observations were
obtained with dry ice cooled ITT FW130, S20 photo-tubes in
the S20-UBVR system of Sandage and Smith (1963) and Sandage

(1973), designed to match the standard 1P21-UBV system,
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Pulse counting electronics were employed. The Mount Wilson
photometer was a single beam system so observations were
made alternately on the object and sky until sufficient

counts were recorded to bring the expected statistical error

g = [ (object + sky) + (sky)];’2 (1)
- " (object + sky) - (sky)

below 0.01 in B, V and R, and 0.0l to 0.03 in U - depending
on the brightness of the object. At Palomar a two tube Oke
coldbox was émployed with a two-channel photometer. There
objects were observed in each aperture once, integrating
long enough to bring the statistical error below the limits
for each channel.‘ The channels were reduced independently,
and the magnitudes and colors obtained were averaged after
reduction. Stars from the list of Sandage (1973) were ob-
served in order to derive extinction corrections and trans-
formations to the standard system. The reductions were done
by a computer least squares fit of the combined extinction
and transformation coefficients to the ihstrumental magni-
tude and color, airmass and standard value data for all tﬁe
standards observed during a night. Internal errors were
calculated by comparing the reduced magnitudes and colors of
the standard stars to the standard magnitudes and colors.

At Palomar the mean standard deviation of a single measure-
ment is 0.04 in Vv, 0.03 in U-B, and 0.02 in B=V and V=R, At

Mount Wilson, because the.sky brightness was higher and



-7-

larger fluctuations existed in transparency and sky bright-
ness during the night, the accuracy of the photometry is

" reduced and the deviation in a single measurement is 0.05 in
V and U-B, 0.03 in V~-R, and 0.02 in B-V.,  External errors
were checked by examining the differencesvin measurements
made of the same object through similar apertures (or, in
the case of colors, through apertures large enough that the
color-aperture curve had flattened). For the Palomar data,
we can élsb compare the magnitudes and colors observed in
each channel. Both analyses yielded mean errors of a single
measurement of approximately 0.05 in V, 0.04 in U-B, and
0.03 in B-V and V-R. Multiple observations of an object in-
creased the accuracy of the-final magnitudes and cblors
accordingly. |

As galaxy colors and magnitudes are a function of the
measuring aperture size, it is reasonable, for the purposes
of comparison, to define some standard diameter system.

We chose to use diameters measured from enlargements of
the Palomar Sky Survey prints. For galaxies brighter than
Mpg = 16.0, resolution does not present a serious problem,
and this diameter system has the advantage that the colox-
aperture curves are nearly flat. In addition, the magnitude-
aperture (growth) curve is such that Qarying the diameter by
+25% will cause the integrated magnitudes to change by only

0.1.
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The raw photometric data, consisting of 399 observa-
tions, including 120 from other sources, of 212 galaxies, are
listed in Table 1. Column 1 gives the Markarian number,
column 2 the aperture size rounded to the nearest arc second,
and column 3 the sources for the data with references listed
at the end of the table. The designation HP indicates that
the photometry was obtained with the Palomar l.5-m telescope.

Columns 4-7 give V, B-V, U-B, and V-R; columns 8 and 9
give the measured major (Dl) and minor (Dz) axis diameter in
arc seconds, and column 10 gives the aperture to major axis
diameter ratio. Where known, morphological types are given
in column 11. The morphological data come from a variety of
sources. The majority are derived from examination of large
scale plate material by the author and from Kalloghlian
(1971), and Borngen and Kalloghlian (1975). A few classifi-
cations in the Hubble‘sequence are derived from descriptions
in the Morphological Catalogue of Galaxies (Voronstov-
Velyaminov gz;gi;'1962—63) and are given 'n parentheses. An
asterisk (*) indicates the existence of a superposed star.
that might affect the colors of the galaxies. More detailed
descriptions are given>in the notes.

In general, there is reasonable agreement between the
photometric measurements of different observers.— especially
when aperture effects are considered — which indicates that

the photometric systems are consistent and well defined.



TABLE 1

PHOTOMETRIC OBSERVATIONS OF MARKARIAN GALAXIES

D D

No. A Ob V BV u©-B Vv-rR DP1 P3 APy norpn.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

2 36 WK 13.54 0.60 =~0.12 «e. 30 30 1.20 SBa

5 29 HP 15.51 0.51 =-0.31 ee. 30 13 1.03 Im

41 HP 15.25 0.54 =0.34 N 1.37

7 24 BK 14.68 0.29 -~0.35 ee. 31 17 0,77 Im
32 BK 14.59 L o o8 . o o 1.03
41 H 14,24 0.41 -0.36 PN 1.32

8 15 W 15.28 0.46 =-0.52 .. 30 27 0.50 Im
24 BK 14.43 0.43 -0.37 oo 0.80
32 BK 14.28 e & o o e ® LI l.o7
41 H 13.97 0.49 -0.37 “oo 1.37

11 15 W 14.30 0.8l 0.37 ... 25 16 0.60 E5/80
12 57 w®p 12.66 0.47 =0.35 ... 52 40 1.10 Sc
13 15 W  15.33 0.50 -0.27 ... 43 40 0,35 SBbc
57 HP 14.03 0.54 =-0.07 0.73 1.33
114 DV 13.77 0.57 =0.04 ... 2.65

14 15 W 14,81 0.42 =-0.31 " ... 22 21 0.68 502
29 H 14.53 0.42 =-0.35 0.60 1.32

le 15 W 15.15 0.47 -0.08 ee. 25 16 0.60
29 HP 14.69 0.6l 0.00 0.75 ~1.16

18 41 HP 13.93 0.78 -0.06 0.93 27 16 1.52

19 15 H 15.42 0.45 -0.69 0.56 16 12 0.94
20/ 15 W 15.17 0.46 =-0.24 ... 28 23 0.54 (E?)
107 29 H 14.50 0.42 =-0.29 .54 1.04
21 15 W 14.85 0.78 0.09 ... 46 14 0.38 SBb?
22 11 H 16.11 0.60 =-0.43 .35 16 11 0.69

24 H 15.76 0.62 -0.42 .41 1.50



Table 1 (continued)

Photometric Observations of Markarian Galaxies

No. A Ob V B-v u-B v-R P1 P2 APy yoron.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
25 15 W 14.45 0.56 -0.20 ... 19 19 0.79 (E)

24 H 14.26 0.62 -0.20 0.79 1.26
26 24 H 15.60 0.42 -0.33 0.54 19 13 1.26 Sc

27 11 H 16.46 0.46 -0.23 0.43 13 8 0.85
3. 15 W 15.55 0.82 0.04 ... 40 28 0.38 SBb
32 15 H 16.23 0.24 -0.16 0.49 17 13 0.88
24 H 15.96 0.29 -0.19 0.47 1.41
37 H 15.79 0.37 -0.05 ... 2.18
33 15 W 13.58 0.35 =-0.42 ... 30 25 0,50 Im
30 HI 13.30 0.33 -0.52 ... 1.00
35 21 HP 13.54 0.41 =-0.42 0.65 46 28 0.46 Sm
29 HP 13.24 0.45 -0.41 0.61 0.63
30 HI * @ o 0.32 _0.35 . o @ 0065
30 W 13.17 0.36 -0.33 ... 0.65
41 HP 13.06 0.44 -0.39 0.62 0. 89
105 DV 12.75 0.50 =-0.31 ... 2.28
36 15 W 15.46 0.34 -0.76 ... 15 13 1,00
24 H 15.24 0.34 -0.61 0.34 1.60
41 15 D 15.01 0.66 ~-0.15 ... 20 15 0,75
43 38 H 15.22 0.60 -0.21 0.31 20 8 1.90
44 15 W

15.27 0.62 0.01 ... 18 13 0.83
45 29 HP 15.28 0.66 -0.09 0.74 20 9 1.45 (s0)

46 15 H 16.47 0.49 0.02 0.61 10 10 1.50
24 H 16.05 0.42 =0.13 0.44 2,40
47 38 H 14.86 0.71 0.33 0.70 18 11 2.11
38 H 14.91 0.71 0.14 0.68 2.11
15 H 15.48 0.76 0.25 0.71 *
48 24 H 14.76 0.95 0.45 0.77 14 14 1.71 SO



Table 1 (continued)
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Photometric Observations of Markarian Galaxies

D

D

No. A Ob v B-V U-B  V-R 1 P2 APy morph.
(1) (2) (3) (4 (5) (6) (7) (8) (9) (10) (11}
49 15 WK 15.68 0.48 =-0.45 - 0.56
15 W 15.32 0.32 =-0.44 ee. 27 20 0.56
24 H 14.64 0.48 =-0.39 .0.62 0.89
51 17 WK 15.54 0.21 =-0.13 ... 17 11 1.00
24 H 15.05 0.62 =-0.21 0.67 1.41
52 15 W 14,12 0.51 =-0.30 .. 13 13 * SBab
17 WK 14.08 0.53 =-0.25 cen
21 W 13.86 0.58 =~0.26 e
35 W 13.50 0.63 -0.18 ce
64 DV 12.88 0.67 =0.05 ...
53 24 H 15.28 0.40 -0.35 0.61 13 10 1.85
24 H 15.33 0.43 =-0.29 0.67 1.85
55 24 H 15.33 0.68 0.03 0.73 15 13 1.60
58 15 W 15.34 0.49 -0.06 .. 16 16 0.94 (S0?)
59 15 WK 14.09 (0.33) -0.61 ee. 26 24 0.58 Sm, im
15 H 13.95 0.39 -~0.66 0.19 ’ 0.58
24 H 13.65 0.38 -0.75 0.08 0.92
60 15 H 15.91 0.48 =-0.08 0.76 13 13 1.15
66 15 W 14.98 0.42 -0.31 ... 19 14 0.79
67 15 H 16.01 0.52 -0.40 0.45 11 11 1.36
71 10 D 14.11 0.48 -0.58 .. 40 20 0.25 1Im
200 H 13.76 0.56 =-0.34 . 0.50
21 W 13.79 0.24 -0.42 A 0.53
43 H 13.72 0.42 -0.25 ces 1.08
73 10 D 15.17 0.74 eee  ee. 15 15 0.67
200 H 14.71 0.73 =-0.11 0.91 1.33
81 15 W  14.28 1.02 0.62 .o 50 28 0.30 SO
82 15 H 14.88 0.91 0.25 0.78 12 12 1.25
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Table 1 (continued)

Photometric Observations of Markarian Galaxies

No. A Ob Vv B-v u-B v-r P1 D2 2Py Morpn.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

84 41 HP 13.91 0.45 -0.19 .s. 38 23 1.08 Sm

85 15 W 14.29 0.91 0.34 ... 30 30 0.50 S0/a

41 HP 13.55 0.85 0.32 PN 1.37
86 38 H 12,86 0.57 -0.11 0.70 80 70 0.48 ©Sm
83 H 11.90 0.57 0.02 0.75 1.04
83 H 12.09 0.63 -0.25 0.57 1.04
106 Dv 11.96 0.62 -0.05 oo 1.33
138 pv 11.72 0.67 -0.17 P 1.73
87 15 W 14.53 0.86 0.10 ... 52 40 0.29 SBO/a
29 HP 14.00 0.93 0.28 oo 0.56
57 HP 13.35 0.90 0.23 oo 1.10

88 15 W 14.66 0.62 -0.06 ..o 15 15 1.00

89 10 D 15.35 0.56 -0.40 ... 16 12 0.63 Im
25 D 14.83 0.55 =-0.33 ... 1.56
90 41 HP 13.95 0.73 0.03 ... 37 34 1.11 SBb
92 10 D 15.02 0.53 -0.41 ... 26 10 0.38
25 D 14.30 0.50 =0.20 ... 0.96
93 10 D 15.63 0.63 -0.29 ... 15 9 0.67
25 D 15.23 0.70 =-0.27 ... 1.67
94 11 H 16.34 0.75 ~0.50 =-0.26 7 6 ‘'1.57
95 10 D 16.21 0.46 =-0.34 ... 19 11 0.53
25 D 15.40 0.46 =-0.11 ... 1.32
25 D 14.95 0.39 =-0.30 ... 1.14
98 25 D 14.78 0.51 -0.16 ... 24 15 1.04
99 25 D 15.86 0.49 -0.38 ... 16 11 1.56
100 15 W  14.27 0.82 0.21 ... 32 32 0.47
25  AA

13.87 0.64 0.40 ... ~0.78
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Table 1 (continued)

Photometric Observations of Markarian Galaxies

No. A Ob Vv B-v u-B v-R P1 D AD; yorpn,

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

101 10 D 14.29 0.64 0.05 ... 32 27 0.31 SO*
25 D 13.58 0.59 0.03 ... 0.78

102 15 W 14.58 0.53 =0.07 ... 22 19 0.68

104 10 D 15.39 0.45 -0.38 ... 25 15 0.40
25 D 14.43 0.45 =-0.28 ... 1.00

105 15 W 15.72 0.69 -0.07 ... 13 10 1.15 Sc

25 D 15.81 0.68 -0.10 ... 1.92

108 19 H 15.34 0.44 -0.71 0.56 22 15 0.86 Im?
41 HP 15.05 0.42 -0.58 0.5l 1.86

111 25 D 14.20 0.51 -0.26 ee. 35 23 0.71 Im
35 W  13.96 0.43 -0.27 ... 1.00

116 15 H 16.11 0.17 =-0.76 0.39 14 9 1.07
15 H 16.3L 0.18 =0.65 0.47 1.07

118 41 HP 14.77 0.50 =-0.13 0.72 40 15 1.03
119 29 HP 13.87 0.51 ~=-0.18 0.69 21 16 1.38
129 24 H 14.92 0.72 0.05 0.74 20 15 1.20
131 15 H 14.42 0.59 0.10 0.69 27 25 0.56 E1

38 H 13.75 0.63 0.06 0.69 : 1.41
133 25 AA  13.50 0.70 0.03 eeo 42 42 0.60 sc
30 bDv 13.37 0.66 =-0.09 o 0.71
235 W 13.33 0.67 0.05 .o ’ 0.83
138 29 H 15.52 0.65 -0.28 0.69 15 8 1.93
140 15 W 15.19 0.45 -0.38 .. 15 13 1.00
15 H 15.08 0.47 -0.36 0.61 1.00

146 29 HP 14.06 0.59 -0.05 0.75 20 20 1.45

149 15 W 14.48 0.73 0.18 ... 18 15 0.83 s0
28 H 14.43 0.61 0.26 0.68 1.56
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Table 1 (continued)

Photometric Observations of Markarian Galaxies

D D A/D

No. A Ob v B-V U-B  V-R 1 72 1 Morph.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

150 24 H 14.84 0.42 -0.27 0.63 16 9 1.50

151 24 H 15.32 0.62 =-0.20 0.58 21 12 1.14 (s0)

24 H 15,31 0.56 -0.22 0.61 1.14

153 15 H 15,05 0.22 -0.66 0.28 28 15 0.54 (Scp)
38 H 14.81 0.19 -0.65 0.31 1.36

155 15 W 13.22 0.71 0.29 ... 26 15 0,58 50/a
24 H 13.09 0.70 0.32 0.74 0.92

156 38 H 14.69 0.36 =0.34 0.50 45 14 0.84

157 41 H 14,17 0.26 -0.57 0.56 27 16 1.52 Im

158 35 W 13.28 0.72 0.09 «e. 75 38 0,47 sab
41 HP 13.11 0.72 0.17 0.82 0.55
81 HP 12.73 0.72 0.20 0.81 1.08

159 10 AA 13.23 0.46 -0.06 ... 16 13 0.63

16l 15 W 14.54 0.56 -0.12 ... 35 24 0,43 SBc
41 HP 13.66 0.53 -0.15 0.75 1.17

le5 15 W 14.73 0.51 =-0.21 «e. 20 20 0,75
15 H 14.79 0.45 -0.15 0.67 0.75
24 H 14,52 0.53 -0.19 0.63 1.20

l66 10 AA 15.78 0.34 0.23 .es 12 12 0.83
29 HP 15.19 0.40 -0.23 0.69 2.42

169 15 W 14.40 0.51 -0.19 ees 27 22 0.56
41 HP 13.96 0.58 -0.31 0.79 1.52

170 41 HP 14.61 0.47 -0.30 0.60 40 16 1.03
57 HP 14.26 0.55 +~0.24 0.65 1.43

171 30 W 12.86 0.33 -0.41 ees 10 70 0.43 Scp *+
31 DV 12.65 0.44 =-0.42 PN 0.44 Imp
64 bDv 11.85 0.56 -0.34 ves 0.91

175 35 W 13.76 0.93 0.32 ... 39 23 0.90 SBab
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Table 1 (continued)

Photometric Observations of Markarian Galaxies

No. A Ob VvV B-v u-B v-R D1 Dy APy morpa.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

177 24 H 15.54 0,44 -0.14 0.57 18 14 1.33

178 24 H 15.19 0.27 -0.53 0.34 47 27 0.51 Im
30 W 14.94 0.14 -0.38 oo 0.64
38 H 14.61 0.34 -0.41 0.44 0.81
56 H 14.23 0.37 -0.28 0.44 1.19

179 35 W 13.79 0.67 0.11 ... 58 46 0,60 SBbc

181 29 HP 14.09 0.50 -0.15 0.72 24 16 1.21 SBc
185 81 HP 12.70 0.65 0.02 0.77 82 65 0.99 SBecdp

186 15 W 13.98 0.38 -0.33 ... 40 26 0.38 sBO/a?
15 H 13.75 0.41 -0.23 0.65 0.38
24 H 13.44 0.44 -0.22 0.65 ‘ 0.60
38 H 13.26 0.47 -0.22 0.66 0.95

188 81 HP 12.32 0.63 -0.04 0.77 88 54 0.92 SBbc

190 41 HP 12.88 0.66 -0.10 0.84 40 40 1.03 S0?
57 HP 12.71 0.68 -0.07 0.86 1.43

195 15 W 14.57 0.50 -0.20 eee 25 19 0.60 (sa)
41 HP 14.05 0.63 -0.13 0.78 1.64

197 15 W 14,54 0.82 0.18 ee. 27 27 0.56 EO0/SO
29 HP 14.11 0.84 0.22 0.78 . 1.07

199 43 H 15.12 0.42 -0.35 0.47 27 9 1.59

201 15 W 13.30 0.49 -0.25 ... (43y 32 0.35 Smp
41 Hp 12.86 0.53 -0.18 0.79 0.95

202 21 HP 15,32 0.69 -0.16 0.79 11 11 1.91

206 15 W 15.19 0.64 -0.22 ces 13 13 1.15
29 HP 14.85 0.68 -0.21 0.84 2.23

207 41 HP 13.49 0.48 -0.22 0.72 40 28 1.03 Sbc

209 29 HP 14.62 0.49 -0.53 0.16 29 16 1.00 Sm?
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Table 1 (continued)

Photometric Observations of Markarian Galaxies

D D

No. A Ob vV B-v U-B V-R 1 P2 A/D; Morph.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

215 15 W 14.45 0.58 -0.16 ... 15 15 1.00
219 38 H 14,98 0.64 -0.22 0.26 20 8 1.90
220 15 W 14.49 0.33 -0.25 .o 24 13 0.63

223 21 HP 14.82 0.60 -0.21 0.85 15 15 1.40

224 38 H 15.43 0.65 -0.50 0.38 .18 9 2.11 Im
38 H 15.51 0.27 =-0.39 0.50 2.11
23515 H. 15.05 0.46 -0.16 0.69 28 20 0.54
38 H 14.37 0.46 -0.22 0.56 1.36
241 24 H 15.27 0.61 -0.13 0.65 15 10 1.60
24 # 15.35 0.56 =-0.03 0.72 : 1.60
242 24 H 15.64 0.52 -0.05 0.66 1.85
245 20 H 15.42 0.67 0.04 0.60 12 12 1.67
29 HP 15.18 0.62 -0.21 0.75 2.42
247 15 W 15.00 0.53 =0.20 ... 14 11 1.07
249 38 H 13.55 0.82 0.24 0.91 35 25 1.09 SO
38 H 13.54 0.86 0.37 0.35 1.09
251 24 H 15.64 0.41 -0.27 0.58 12 9 2.00
24 H 15.57 0.49 -0.25 0.54 2.00

253 24 H 15.36 0.81 0.01 0.83 20 g 1.20

256 57 HP 13.30 0.36 -0.42 0.59 61 43 0.93 sd

258 15 H 15.68 0.67 0.08 0.65 9 9 1l.67
15 H 15.50 0.81 -0.07 0.74 1.67
24 h 15.54 0.79 -0.04 0.75 2.67

266 15 H 13.42 0.77 0.06 0.81 24 24 0.63
24 H

13.25 0.83 0.20 0.78 1.00
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Table 1 (continued)

Photometrit¢ Observations of Markarian Galaxies

No. A Ob V B-v u-B v-rR D1 Dy A/Dy yorpn.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11}
267 15 W 14.95 0.50 -0.15 eee 24 13 0.63 (8)
15 H 14,96 0.63 -0.15 0.74 0.63
24 H 14,75 0.60 =-0.13 0.74 1.00
277 41 H 15.27 0.46 =-0.49 0.35 20 12 2.05 Im
281 15 W 13.82 0.66 -0.13 oo 112 112 0.13 SBb
106 DV 11.89 0.71 0.13 e 0.95

286 41 HP 13.54 0.50 =-0.12 0.70 35 28 1.17 Scdz
288 29 HP 14.46 0.29 -0.56 0.42 38 14 0.76 Sdm?

| 291 29 .H 15.14 0.51 =-0.37 0.62 17 11 1.71

294 41 HP 14.65 0.59 =-0.19 0.64 25 15 1.64 Im2*

296 15 W 16.02 0.33 -0.52 28 11 0.54 Im

41 H 15.53 0.35 =0.51 0.34 1.46
297 12 H 14.56¢ 0.34 -0.31 0.68 40 35 0.30 Smp
19 H 13,94 0.42 -0.31 0.66 0.48
29 H 13.67 0.37 -0.36 0.63 0.73
43 H 13.18 0.45 -0.37 0.57 1.08
106 DV 12.99 0.44 -0.30 oo 2.65

298 24 H 14,80 0.99 0.15 0.%90 22 20 1.09

14.81 0.80 0.31 ... 30 16 0.57

303 17 W
38 H 14.10 0.61 -0.16 0.82 1.27
41 HP 14.21 0.60 0.02 0.79 1.37
307 17 W 14,47 0.51 -0.10 ... 43 43 0.40 SBc
38 H 13.47 0.53 =-0.20 0.79 0.88
56 H 13.20 0.58 -0.15 0.74 1.30
308 15 W 14.65 0.63 -0.06 .. 24 16 0.63
25 AA 14.38 0.68 0.14 ... 1.04
41 HP 14.37 0.61 -0.07 0.78 1.71
309 15 H 15.22 0.47 -0.46 0.68 27 13 0.56
38 H

14,91 0.57 -0.34 0.65 - 1.36
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Photometric Observations of Markarian Galaxies

~18-

D

D

A/D

No. A Ob v B-V U-B V-R 1 2 1 Morph.
(1) (2) (3) (4) (5) (6) (7) (&) (9) (10) (11)
311 24 H 14.42 0.68 -0.05 0.91 20 20 1.20 SBb?
‘29 HP 14.46 0.69 0.04 0.86 1.45
312 24 H 14.72 0.57 -0.22 0.80 23 14 1.04 S
313 11 H 13.41 0.76 0.0l 0.97 45 26 0.24 Ep
24 H 12.97 0.77 0.04 0.95 0.53
56 H 12.72 0.76 0.05 0.95 1.24
314 15 W 14.37 0.43 -0.13 ... 28 19 0.54 Im
15 H 14.37 0.43 -0.38 0.63 0.54
38 H 13.77 0.47 -0.32 0.60 1.36
41 HP 13.76 0.47 -0.30 0.61 1.46
41 HP 13.76 0.48 -0.25 0.57 1.46
316 15 W  15.09 0.66 -0.28 ... 28 16 0.54
317 24 H 15.19 0.68 -0.03 1.07 20 14 1.20
29 HP 15.13 0.73 -0.08 .87 1.45
318 38 H 13.76 0.56 ~0.14 0.82 35 24 1.09 Sdm
319 15 W 14.44 0.72 0.08 ... 27 22 0.56 SBb
29 HP 13.98 0.66 0.03 . 1.07
321 15 H 14.23 0.72 0.12 0.90 41 40 0.37 Sbe
21. W 14‘24 0.52 —0012 e e o 0.51
24 H 13.81 0.67 0.04 O0.86 0.59
38 H 13.50 0.65 0.07 0.85 0.93
323 32 W 13.88 0.71 0.10 ... 45 30 0.71 Scd
57 HP 13.28 0.77 0.09 ... 1.27
324 15 H 15.18 0.42 -0.31 0.63 14 14 1.07
24 H 15.10 0.42 -0.23 0.68 1.71
29 HP 14.99 0.47 -0.24 0.59 2.07
325 20 S 13.47 0.38 -0.31 ... 39 39 0.51 sSd-dm
21 W 13.56 0.38 -0.24 ... 0.54
41 HP 13.11 0.37 -0.41 ... 1.05
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Table 1 (continued)
Photometric Observations of Markarian Galaxies

No. A Ob VvV B-v u-B v-rR D1 P2 2Dy morpn.

(1) (2) (3) (4) (5) (6) (7 (8) (9) (10) (11)

326 15 W 14.81 0.47 -0.18 «++« 36 30 0,42 SBb

41 HP 13.66 0.73 0.08 .o 1.14

328 29 HP 14.92 0.63 -~-0.08 0.77 18 16 1l.61 E3
29 H l4.89 0.61 -0.10 0.82 l.61

330 29 HP 14.53 0.36 -0.21 ... 41 26 0,71 sa?
41 HP 14.40 0.39 -~0.24 “e 1.00

331 15 H 14.20 0.88 0.18 1.15 30 21 0.50 sa
24 H 13.86 0.85 0,21 1l.14 0.80
38 H 13.82 0.81 .0.37 1.19 1.27

332 15 H 13.95 0.76 0.08 0.97 60 60 0.25 SBc
56 H 12.45 0.67 -0.07 0.84 0.93

333 15 HP 14.09 1.00 0.57 0.90 23 18 0.65 EO0/s0
29 HP 13.65 1.01 0.59 0.89 1.26

334 25 AR 14.42 0.13 0.31 ee. 43 22 1.72 (Scp)

336 41 H 13.64 0.78 0.19 ... 28 18 1.46 ES5

339 38 H 14,27 0.56 =-0.07 .79 26 26 1.46 SBbc

341 15 W 14.78 0.69 =0.05 «e. 24 16 0.63 E2?
29 HP 14.24 0.75 0.14 oo 1.21

343 41 HP 14.36 0.84 0.22 0.87 54 40 0.76 S0/a

345 41 HP 14.69 0.82 0.08 0.77 20 20 2.05
41 HP 14.56 0.67 0.12 0.77 2.05

347 24 H 14.63 0.44 -0.30 0.75 19 19 1.26

350 29 HP 15.05 0.51 -0.21 0.53 21 14 1.38 (5p)
41 HP 14.88 0.53 -0.06 0.62 1.95 :

357 15 H 15.40 0.36 -0.68 0.39 14 14 1.07

359 41 H 13.68 0.67 ~0.08 ceo 27 24 1.52 8BO/a
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Table 1 (continued)

Photometric Observations of Markarian Galaxies

No. A ob v B-v u-B v-r D1 P2 PPy morpn,
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

D

360 15 H 15.10 0.44 -0.17 0.67 28 28 0.54 (Scd)

38 H 14.56 0.42 =-0.20 0.62 1.36
363 24 H 14.03 0.57 -0.17 0.87 33 20 0.73 Sc
38 H 13.87 0.57 -0.17 0.90 1.15
367 24 H 15.21 0.66 -0.02 0.85 19 12 1.26
368 21 W 14.84 0.62 0.09 ... 24 20 0.88
38 H 14.50 0.56 -0.18 0.67 . 1.58
369 15 H 15.31 0.44  -0.46 0.65 12 12 1.25
29 HP 15.30 0.39 -0.40 0.61 2.42
370 15 H  14.40 0.47 -0.34 0.72 50 30 0.30 Sm
15 HP 14.58 0.47 -~0.33 “es . 0.30
24 H 13,90 0.48 -0.25 0.82 0.48
29 HP 13.92 0.51 -0.23 0.65 0.58
38 H 13.56 0.55 =0.29 0.79 0.76
41 HP 13.69 0.53 -0.27 - 0.82
57 HP 13.39 0.55 -0.16 0.70 1.14
81 HP 13028 0.61 —0019 e s e 1062

375 29 H 15.63 0.74 -0.27 0.43 11 11 2.64
384 15 W 14,42 0.81 0.11 ... 12 40 0.21 SBbc

386 57 HP 12.45 0.92 0.43 0.87 81 41 0.70 SBbp*
21 HP 13.33 1.06 0.70 0.90 e

389 21 HP 13.30 0.85 0.38 ... 37 35 0.57 8s0/a
41 HP 12.93 0.86 0.34 oo 1.11

391 21 HP 13.99 0.72 0.08 ... 30 18 0.70 S0/a
26 HP 13.91 0.75 0.13 ... 0.97

398 29 HP 14.95 0.58 =-0.17 0.77 27 13 1.07

400 24 H 14.30 0.39 -0.25 0.64 24 20 1.00
24 H 14.33 0.49 -0.25 0.67 1.00
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Table 1 (continued)
Photometric Observations of Markarian Galaxies

r—

No. A ob v B-v u-B v-r P1 P2 APy morph.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11

401 15 H 13.87 0.58 -0.10 0.78 40 40 0.38 SBb
24 H 13.53 0.68 -0.05 0.78 0.60"
38 H 13.33 0.69 -0.06 0.74 0.95

407 24 H 14.90 0.43 -0.27 0.59 15 14 1.60

408 24 H 14.53 0.45 -0.34 0.55 19 16 1.26

416 41 HP 14.13 0.70 -0.07 0.67 26 13 1.58

418 41 HP 13.46 0.42 -0.26 0.65 32 30 1.28 Sab
426 38 H 14.51 0.45 -0.40 0.54 35 16 1.09 (Sc)
429 24 H 14.45 0.68 0.01 0.83 18 16 1.33

430 29 HP 13.35 0.79 0.39 0.80 41 41 0.71 P

57 HP 12.95 0.76 0.32 0.74 1.40
432 29 HP 13.85 0.41 -0.29 0.62 54 27 0.51 SBdmp
57 HP 13.66 0.46 -0.27 0.67 1l.0¢
439 21 HP 12.93 0.46 -~0.19 0.71 88 84 0.24 Sa
41 HP 12.45 0.54 -0.13 0.74 0.47
81l HP 11.99 0.64 -~0.03 0.76 10.92

442 38 H 13.54 1.01 0.37 0.87 30 28 1.27

444 DP 14.90 0.55 =-0.22 ... 15 14 17 (%)

29 HP 14.88 0.47 =-0.36 0.71 1.94

449 81 HP 12.99 0.66 0.02 0.72 84 22 0.97 Sap
450 56 H 14.06 0.52 =-0.44 0.50 43 32 1.30 (Im)
452 41 HP 13.48 0.95 0.45 0.87 31 16 1.32 ES5
479 41 HP 13.96 0.56 =-0.12 0.73 41 25 1.00 SBc
487 11 15.27 0.50 =-0.52 0.30 13 13 0.85

H
15 H 15.20 0.41 -0.33 sae 1.15
24 H 14.95 0.54 -0.46 0.37 1.92



—22_

Table 1 (continued)

Photometric Observations of Markarian Galaxies

No. A Ob A\ B-v Uu-B  V-R Dl D2 VA/Dl Morph.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)  (11)

489 24 H 14.24 0.47 -0.12 0.65 38 20 0.63 SBb
38 H 13.94 0.50 =-0.13 0.64 1.00

491 24 H 14.04 0.92 0.52 0.77 16 14 1.50
29 HP 14.04 0.93 0.40 .82 1.81

496 29 HP 14.07 0.53 -0.35 0.84 22 17 1;32 Sdp+Sdp
499 29 HP 14.55 0.41 -0.26 0.58 15 15 1.93

534 21 HP 13.21 0.46 -0.23 ... 41 35 0.51 Sap

41 HP 12.94 0.51 -0.18 ... 1.00
64 DV 12.96 0.58 -0.01 ... '1.56

538 21 HP 13.30 0.44 -0.49 ... 54 40 0.39 SBdm?
57 HP 12.67 0.49 -0.44 ... 1.06

617 31 DV 13.37 0.68 ~-0.08 ... 43 30 0.72 SBbp
31 DV 13.38 0.65 =-0.01 ... 0.72
43 DV 13.06 0.68 =0.05 ... 1.00
43 DV 13.04 0.74 -0.01 .... 1.00

620 56 H 12.29 0.98 0.44 0.92 57 45 0.98 SBab
626 41 HP 13.75 0.68 0.01 0.81L 28 27 1.46 EO
656 57 H 12.83 0.39 -0.47 0.55 55 41 1,04 Imp?

669 41 HP 13.42 0.94 0.46 0.85 32 22 1.28 E3
685 DP 14.50 0.44 -0.41 ... 34 19 1t  (se®)
686 29 HP 13.39 0.88 0.27 0.84 58 36 0.50
57 HP 12.93 0.82 0.24 0.83 0.98 SBb*
57 HP 12.94 0.85 0.23 0.80 0.98
691 57 HP 13.03 0.43 -0.28 0.68 96 44 0.59 SBd
81 HP 12.90 0.43 =-0.26 0.67 0.84
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Table 1 (continued) (additional observations)

Photometric Observations of Markarian Galaxies

No. A ob Vv B-v u-B v-r P21 P2 2Dy morpn.
(L) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11
48 29 HP 14.70 0.95 0.42 0.78 2.05
94 14 HP 16.35 0.71 =-0.62 0.43 2.00
178 41 HP 14.58 0.39 -0.48 0.44 | 0.88
81 HP 14.27 0.34 -0.34 0.59 1.72
188 21 HP 13.55 0.74 0.08 0.84 0.24
41 HP 12.78 0.66 =-0.01 0.77 0.47
81 HP 12.30 0.62 -0.02 0.76 0.92
190 10 HP 14.10 0.66 =0.21 0.86 0.25
21 HP 13.41 0.62 -0.15 0.83 0.50
29 HP 13.14 0.65 -0.11 0.8l 0.73
41 HP 12.95 0.65 =0.07 0.78 1.03
81 - HP 12.62 0.69 =0.03 ... 2.03

194 29 HP 14.57 6.53 -0.13 0.57 18 13 1.61
199 41 HP 15.23 0.33 -0.35 0.47 27 9 1.53
213 57 HP 12.80 0.62 -0.05 0.73 68 26 1.20 SBa
230 29 HP 15.27 0.88 0.11 0.75 13 12 2.23
234 29 HP 15.37 0.59 -0.24 0.64 25 14 1.16
271 81 HP 13.65 0.59 0.04 0.70 60 '34 1.35 Scp+
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Table 1 (continued)
Photometric Observations of Markarian Galaxies

SOURCES
Ad Arakelian, et al. (1972)
BK Borngen & Kalloghlian (1974)
D Dibay (1970)
DP  DuPuy (1968, 1970)
bv Vaucouleurs, G. de (1961l) & A. de (1972)
H,HP This paper '
HI Hiltner & Iriarte (1958)
S Sargent (1970)
W Weedman (1973)

WK Weedman & Khachikian (1968, 1969)
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Table 1 (continued)

Photometric Obhservations of Markarian Galaxies

27.
31,

33.

35.

36.
44.

45,

NOTES TO TABLE 1
MCG 6-5-44
MCG 12-7-38, u shaped core of knots
IC 2184, ring of H II regions
MCG 12-8-11 pair with 12
MCG 12-8-13 pair with 11
IC 2209, MCG 10-12-17 bright nucleus
Bright nucleus
MCG 10—13—54
MCG 10-13-71. Faint companion to SE
MCG 12-9-41
MCG 10-14-41, two armed, possibly barred spiral
Double knots
MCG 10-15-4
MCG 10-15-26, bright nucleus
Bright star to SE
MCG 10-15-65, pair with 30, bfight nucleus

Haro 2, MCG 9-17-70, patchy with wisps, high surface
brightness , :

NGC 3353, Haro 3, MCG 9-18-22, double condensations,
high surface brightness

Haro 4, MCG 5-26-46, compact
IC 2987

MCG 10-17-133
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Table 1 (continued) (Notes to Table 1)
Photometric Observations of Markarian Galaxies

47.

60.
66.

71.

31.
84;
85.
86.

87.
88.
89.
90.
92,

94,

Double object, d = 12", wisp opposite fainter object,
the 15" observation refers to just the brighter

object
Bright nucleus

Haro 8, double condensations in patchy halo

NGC 4385, Markarian object is the bright blue nucleu

Double object

MCG 5~31-57, coma cluster member

- condensation (H II region or OB association) in a

dwarf irregular

Coma cluster member with several nearby companions

MCG 10-19-72, faint companion

NGC 2366, DDO 42. Markarian object is H II
dwarf irregular

MCG 10-11-130
MCG 9-13-90, nucleus
NGC 2534, elliptical in halo with dust lane

NGC 2537, Arp 6, VV 138, circular halo plus
of H I1I regions :

NGC 2544, ringed, barred system with bright
Star to W

Patchy lenticular object

Bright nucleus, ringed

Double, central sepafation N 15",

H II region or OB association in SBd spiral

region in

3 bands

nucleus



-27=

Tgble 1 (continued) (Notes to Table 1)

Photometric Observations of Markarian Galaxies

175.
178.
179.

185.

186.
188,

Companion or star to N. Colors uncertain

Colors uncertain

Lenticular galaxy with superposed star

IC 2458, companion to NGC 2820

MCG 12-9-49, bright companion to NW, very knotty
I 2w 18, pair of compacts plus outlying fuzz

Two knots in an elongated halo |

NGC 3073, possible structure in outer halo

NGC 3066, bright nucleus

Irregular plus wisp or companién to N

Bright nucleus

MCG 8-20-16

MCG 9-18-32, nucleus plus fuzz and condensations
NGC 3471, possible bar, ring, some structure in disk
MCG 8-20-69, very bright arms and nudleus

IC 691, lenticular plus condensation

NGC 3690 + IC 694, Holm 256, Arp 299, interacting pair,
both patchy and bright in Ha

MCG 11~14-2&, bright central bulge in bar
MCG 8~21-53
NGC 3725, irregular arms plus ring

NGC 3811, disrupted spiral with rings and arms
extending south; bright nucleus

NGC 3870, patchy with high surface brightness

NGC 3888, many H II regions, distorted arm to NW
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mable 1 (continued) (MNotes to Tabie 1)

Photometric Observations of Markarian Galaxies

190.
195.
201.
207.

213.

215.
220.
224.
235.
249.
251.
256.
266.
267.

271.

277.

281.

286.
288.
294.
297.

NGC 3928

MCG 11-15-12, knots to N and S

NGC 4194, Arp 160, patchy with fanning wisp to N
NGC 4384, bright, irregular nucleus, star to E

NGC 4500, strong central bar, bright nucleus, two
faint arms

MCG 8-23-52

MCG 9-21-33, I Zw 41, pair with 221
MCG 8-33-92

MCG 6-29-10

IC 875

MCG 9-22-49

NGC 5144, perturbéd spiral with 3 arus
NGC 5256, interacting double object
MCG 7-28-45

NGC 5278-9, Arp 239, spiral with spiral companion —
similar to M51

MCG 11-17-9, two condensations plus tail

NGC. 5383, barred Spiral with peculiar arms, bar inside
bar. In the Hubble Atlas.

NGC 5607
MCG 12-14-43
Patchy irregular system with superposed star to WSW

NGC 6052, Arp 209, VV 86 interacting double system
with many H II regions
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Table 1 (continued) (Notes to Table 1)

Photometric Observations of Markarian Galaxies

298.

303.
307.
308.
309.

311.
313.

314.
316.
318.
319.
321.
323,
325,

326.

328.
330,
331.
332,
333,

334,

IC 1182, in Hercules cluster, jet plus condensations
(H IT regions) to E, possibly a Seyfert

NGC 7244
NGC 7316, bright nucleus
MCG 3-57-31, knot to N of nucleus

IV 2w 121, curved system of condensations with a wisp
to S

Bright bar

NGC 7465, patchy with central bar-like structure
perpendicular to the disk

NGC 7468. Three condenhsations with jets N and S
NGC 7525, elliptical with companion to N

NGC 7580

MCG 4-55-1, bright nucleus

NGC 7620, bright nucleus

NGC 7624, bright nucleus, faint arms

NGC 7673, IV 2w 149, disrupted spiral with multiple
arms, pair with 326

NGC 7677, bright nucleus, two arms almost form outer
ring, pair with 325 :

Zwicky compact 2335.2+2952

MCG 3-60~20, extension of disk to SE
MCG 3-60-36

NGC 7798

NGC 7805, companion to NGC 7806

IV 2w 1, MCG 4-1-13, disrupted spiral? with arm to ESE
and wisp to W : '
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Table 1 (continued) (Notes_to Table 1)

Photometric Observations of Markarian Galaxies

339. Bright nucleus
341, IC 1559, MCG 4-2-~34, companion to NGC 169

343, MCG 2-2-25, bright nucleus with disk and partial ring-
like structure

347, IC 1586, III 2w 12

350. MCG 4-3-23

357. Double object

359, MCG 3-4-41, ringed

360. III Zw 33, MCG 3-5-13, distorted spiral, bright nucleus

363. NGC 694, V Zw 122, bright nucleus

368. IC 235

369. II 2Zw 4, III Zw 50, compact elliptical

370. NGC 1036

384. NGC 2512

386. NGC 2565, barred nucleus plus outside ring, bright blue

’ superposed star to SSE of nucleus. 21" measure is
nucleus excluding star '

389. NGC 2599, large patchy halo

391. NGC 2691, possible arms

398. MCG 3-24-55

400. MCG 3-24-58, star to NNE

401, NGC 2893, bright bar, faint spiral arms

416. MCG 4-25-44

418, NGC 3442, bright nucleus

426. MCG 6-26-16



~-3]-~

Table 1 (continued) (Notes to Table 1)

Photometric Observations of Markarian Galaxies

430.

432,
439.
442,
444,

449,

450.
452.
479.
487.
489.
491.

496.

499.
534.

538.

617.

620.
626.

656.

NGC 3921, I Zw 28, Arp 224, peculiar wispy system,
bright nucleus

NGC 4004, peculiar patchy spiral with long arm to S
NGC 4369

NGC 4687

Haro 37, MCG 6-28-32, superposed star?

NGC 5014, edge on spiral with perpendicular dust lane,

faint companion to N
MCG 6-29-65, low surface brightness, knotty
NGC 5142
IC 1076, possibly barred
I 2w 123
NGC 5992, bright bar, faint arms, companion to NGC 5993
IC 1144

NGC 6090, I Zw 135, interacting pair with bright _
nucleii, dust lanes, and faint tails like the "mice"

I Zw 165

NGC 7679. ILong extension with knots, possibly spiral
arm, to E

NGC 7714, Arp 284, tidally disrupted spiral by com-
panion NGC 7715

NGC 1614, disrupted system with tail to S and wisp to
SE

NGC 2273, very near the galactic plane
MCG 6-19-21

NGC 4673, D.V. calls this El but object has distorted,
possibly barred structure in halo -



-32-

Table 1 (continued) (Notes to Table 1)
Photometric Observations of Markarian Galaxies

669, MCG 7-29-51
685, Haro 42, MCG 5-34-61, superposed star?
686. NGC 5695, superposed star

691. NGC 5996, Arp 72. Disrupted spiral, long faint arm
from N, broad arm to companion from S
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b) Spectroscopic Data

The flux in the Balmer: lines is a useful parameter for
measuring the contribution of hot stars to the ionization
of gas in the galaxy (Zanstra 1931, 1961). We made eye
estimates of the relative strength of HB with respect to the
continuum, and the ratio of the [OIII} A 50078 emission
intehgity to HR emission for these galéxies with photometry
and available blue spectroscopic data (Sargent 1970a, 1972;
Huchra and Sargent 1973, 1976). Equivalent widths in HB
were available for more than half of these galaxies and some
additional galaxies from the work of Weedman (1972) and
Arakelian et al. (1970a,b, 1971). These values were used to
calibrate our eye estimates in terms of the logarithm of the
equivaient width., Equivalent width in emission is defined
as a positive quantity. The comparison between our esti-
mated equivalent widths and the measured values gave a stan-
dard deviation of 0.11 in the logarithm or about 30% in the
actual intensity.

| c) Integrated Magnitudez and Colors

Corrections for aperture effects, galactic absorptibn
and redshift are applied to the magnitudes and colors of
galaxies. Photometry corrected in these ways to the sky
survey diameter system, to zero redshift and to outside the
galaxy will be called "integrated" photometry.

Magnitudes are corrected to the Sky Survey (Dss)
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diameter system using the standard growth curve of Sandage
(1975) adapted from Humason, Mayall and Sandage (1956). For
large aperture/diameter (A/D) ratios, this curve is nearly
independent of morphological type (de Vaucouleurs and de
Vaucouleurs 1964); Figure 1 shows a plot of the multi-
aperture data and the growth curve. The multi-aperture data
are derived by fitting smooth curves to the magnitudes at
different A/D's to find the magnitude at A/D = 1., A compar-
ison of the sky survey diameters and Holmberg's (1958)
diameters for galaxies in his catalogue showé that the sky
survey diameters are approximately 2.6 times smaller than
the Holmberg diameters. Thus the correction to the Holmberg
magnitude system, which is based on a limiting blue surface
brightness of 26.0 magnitudes per square arc second, is

AB = 0.41, and our limiting surface brightness is about 23
mag. per square arc sec,

The effect of aperture size on colors is handled by
using measurements through apertures with A/D = 0.75. The
color-aperture curves (de Vaucouleurs 1961) are flat or
nearly flat there, so corrections are negligible. We try
to measure galaxies with apertures as near to their sky
survey diameters as possible in order to minimize aperture
corrections.

Corrections for g#lactic absorption are made using

the cosecant formula given by Sandage (1973), and using
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FIGURE 1

The growth curve. Points are from multi-
aperture observations of Markarian galaxies.
The curve is adapted from Sandage (1975). This
relation is used to correct magnitudes to the

standard Dss diameter system,
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the Whitford (1958) law to derive the color corrections:

0.132 (csc(byy) - 1), lbnl < 50°,

AB = (2)
0 ; lbnl z 50°,

A(B-V) = 0.25 x AB, (3)

A(U-B) = 0.75 x AV(B—V), (4)

A(V-R) = 0.80 x A(B-V). (5)

No color corrections for radial velocity are applied.
it is difficult to apply any simple correction because there
is a wide range of spectral energy distributions. In addi-

tion, the redshifts of the galaxies studied are generally

small, so that the corrections should not be important.

No corrections are applied for inclination effects or
internal absorption. These corrections require knowledge
of the morphological type, the geometry,'and the spatial
orientation of the galaxy, information not available for all
of the Markarian galaxy sample. |

The corrected.photometry, several derived parameters,A
and the available spectroscopic data are presented in Table
2 for the 197 galaxies with reliable large aperture data.
The first 91 galaxies are the galaxies in the complete
photometric sample., Column (1) lists the Markarian number,

column (2) lists the radial velocity in km sec_l corrected
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assuming a galactic rotation of 250 km sec"l at the sun,

and column (3) lists the absolute B magnitude corrected to
the Holmberg system as outlined above. Column (4) lists the
corrected V magnitude inside a circular aperture of bss,

and columns (5) to (7) list the corrected B-V, U~B, and V-R
colors. Column (8) lists the logarithm of the HB equivalent
width in emission. Column (9) lists the A 5007 to Hf ratio.

Column (10) lists the mean blue surface brightness defined

as

BSB (magnitudes per square arc second).

(6)

= B + 2.5 log ( 7 Dy D,),

and column (ll) lists the logarithm of the average of the
major and minor axes in kildparsecs.

Finally, column (12) gives the two-dimensional Spectral
characterization of Markarian - s, sd, ds, 4 describing
"stellar" to "diffuse" appearance of the spéctrum (the
apparent concentration on the objective prism plate); l,’2,
A3 describing the extent of the spectrum into the ultraviolet
and e, e: indicating the presence or possible presence of
emission. Markarian's color characterization is correlated
with the integrated colors. From our photométry, class 1

has a mean U-B of ~0.33, class 2 has a mean of -0.17, and

class 3 has a mean of -~0.03.



~47-

d) Morphological Classifications

Classifications of all the galaxies in the morphologi-
cal sample defined above were made from a photographic sur-
vey plus available material from other sources. Seventy
percent of the classifications have been made on the basis
of large scale (1595 per mm) photographs taken with a 40-mm
ITT-F4539~-S20 image tube (10%)or a 90-mm ITT-F4092-525 image
tube (60%) in the bandpass between 6000 & and 7000 £ with
the 1l.5-m Palomar telescope. Twenty percent have been clas-
sified on the basis of 1.2-m Palomar Schmidt plates (675
per mm) taken mostly in the blue, and the remaining ten per-
cent have been classified using material in the Arp Atlas
(Arp 1966), the Palomar Sky Survey, and classifications
given in de Vaucculeurs and de Vaucouleurs (1964),
Kalloghlian (1971), and Borngen and Kalloghlian (1975).
Table 3 lists the classifications, sources, apparent photo-
graphic magnitude from the Zwicky catalogue (Zwicky et al.
1961-1968) , integrated colors when available, and classifi-
cations by other observers. Our classifications agree well
with those of Borngen and Kalloghlian, and with the Refer-
ence Catalogue classifications of brighter galaxies, but
tend to be later in type for the fainter and more peculiar
systems than the Reference Catalogue. For most galaxies the
classification is relatively straightforward. For the more

disturbed, interacting, or otherwise structurally peculiar
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TABLE 3

THE MORPHOLOGICAL SAMPLE

No. Morph. Source Mp B-v U-B Remarks
3 E P 13.8 1.15 0.14 Seyfert
7 Im P,S 13.9 0.25 =0.38 (K) Im
8 Im P,S 13.8 0.39 -0.40 (K) Im
10 SBbc S,BK 14.0 0.63 =0.39 (K) SBb; (BK) SBbc;
: Seyfert
12 SBc ) 2 12,7 0.44 -0.37 (K) Ssc
33 Im? P 13.5 0.33 -0.52 (BK) S0; Haro 2
35 Im P 14.0 0.45 =0.37 (V) (S*); Haro 3
52 SBab P 13.4 0.63 -0.18 (R) LBT + *; (V)
(sB2 4)
59 Im A,SS (13.2) ©0.38 =0.70 H II region in NGC
‘ 4861, (R) SBS9*, (V)
(I 8), Arp 266
71 Im S (12.6) 0.38 =-0.30 H IT region in
' DDO 42
79 SBc SS 13.3 0.47 -0.64 Seyfert
84 Im P 13.6 0.42 -0.21
85 Elp P 13.8 0.82 0.30 (R) El
86 Sm P,s 12,0 0.56 =0.15 (R) IBS9P; (V) (S *);
Arp 6
87 SBO/a P 13.4 0.87 0.21 (R) L..*
90 SBb K 13.9 0.71 -0.01 (K) SBb
101 sO0* P 13.6 0.57 =0.02 Superposed star
111 Im Ss 13.9 0.41 -0.28
131 E1 ] 13.8 0.62 0.05 (R) E...PS
133 Ssc p 12.8 0.65 -0.03 (R) SAB (s) bc p
155 s0/a P 13.2 0.70 0.32
157 Im P 14.0 0.26 -0.57
158 Sab P 13.0 0.72 0.20
161 SBc P 13.4 0.53 -0.15
171 Sc+Im S 11.8 0.56 =-0.34 (R) S...P; (V)
178 Sm ] 13.9 0.39 -0.34
179 SBbc p 13.6 0.67 0.11 (BK) SB(r)bc
181 SBc P 13.9 0.50 =-0.15
185 SBcdp p 13.0 0.65 -0.02
186 SBO/a? P,S 13.2 0.47 -0.22 (BK) SBO/a
188 sc P 12.6 0.63 -0.04 (R) SXT5; (V)
(S 3 4%*)
190 SO/E P,S 13.1 0.66 -0.10 (BK) SO
201 Smp P,A 13.0 0.53 -0.18 (R) LB .. P; Arp 160
207 Sbc P 13.5 0.48 ~0.22
213 SBa S 13.2 0.62 =-0.05 (R) SBS1
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Table 3 (continued)
The Morphological Sample

No. Morph. Source Mp B-V U-B Remarks
249 sO S 13.9 0.84 0.30
256 sd P,S 13.2 0.35 -0.43 (R) S..7P$%
271 Sc+SBab S,A 13.6 0.59 =0.04 (R) SAS.P+SBS1P,
Arp 239
281 SBb P,H 12.5 0.71 0.13 (R) SBT.P; (V)
(sB3 3)
286 Scdz P,S 13.9 0.49 -0.13
307 SBc P,S 13.7 0.55 =0.17 4
313 Ep P,S,R 13.3 0.74 0.04 (R) E....*
314 Im? P,S 14.0 0.45 -0.34
319 SBb P 14.0 0.63 -0.01 (BK) Sb
321 Sc P,S 13.5 0.62 =-0.05 (BK) Sc
323 Scd P 13.7 0.73 0.07
325 Sdm P,S 12.7 0.35 =0.43
326 SBb P,S 13.9 0.71 0.06 (BK) Sb(r)bc
332 SBc S 12.7 0.65 ~0.08 (BK) SBb
336 . ES P 13.8 0.74 0.1o
341 E3 P 13.3 0.73 0.13 (R) E
359 SBOr- p 13.8 0.65 -0.09 '
363 Scp P,S 13.7 0.55 -0.18 (R) S...5
370 Sm P,S 13.5 0.53 =-0.21
386 SBb*p SS 13.8 0.88 0.40 Superposed star; (R)
SB.3
389 So0/a S 13.4 0.83 0.32
391 Sa P 13.9 0.73 0.12
401 SBb SS 13.6 0.68 -0.07
418 Sab P 13.2 0.42 -0.26
421 E1 S 13.1 0.45 =-0.54 BL Lac type spectrum
430 P A 13.4 0.76 0.32 (R) L...P, Arp 224
432 SBdmp P 14.0 0.46 =-0.27
439 Sa R 12.3 0.64 -0.03 (R) RSATl; (V) (s 0)
449  Sap - P 13.5 0.66 0.02 . -
452 ES5 2 14.0 0.95 0.45
479 SBc P 13.9 0.56 -0.12
496 Sdp+Sdp P 14.0 0.52 -0.36
501 E2/S0 P,S 13.7 0.83 =~0.01 BL Lac type spectrum
531 S0/E3 P 13.1 “e oo
533 SBbc P 13.6 ‘oo oo
534 Sap P 13.2 0.51 ~0.18 (R) LB..P*; (V)
(S N+)
538 Sdmp A 13.1 0.49 -0.44 (R) SBS3P*; Arp 284
545 SBab Ss,R 12.3 ... (R) sBsl; (V)
(s T *)
555 Sd P 12.9 eee  «o. (R) sAT3P*; (V)

(T *)
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Table 3 (contiaued)
The Morphological Sample

No. Morph. Source Mp B-V U-B Remarks

558 SO0 P 14.0
565 SO0p P,SS 13.8 _
573 SO0 P 14.0 Seyfert
575 SBbc SSs 14,0 (BK) SBb
582 Im P,SS 14,0
590 Sa? S 14.0 (BK) S0/a; Seyfert
602 SBbc P 13.8 :
607 S0/a P 14.0
608 E3* P 13.7 Superposed star
616 E2p P,SS 13.3
617 SBbp s 14,0 0.68 -0.05 (R) SBS.P
620 SBab SSs 12.5 0.66 0.20
626 EO P,S 13.8 0.66 -0.01
656 Imp? S 13.7 0.39 -0.47 (R) E.1+
669 SO/E3 P 13,9 0.94 0.46
686 SBb P 13.9 0.82 0.24
691 SsSB4 .\ 13.2 0.42 -0.27 Arp 72
Sources P - Palomar 1.5 m plates
S - Palomar 1.2 m Schmidt plates

SS -~ Palomar Sky Survey

A - Arp (1966)

K - Kalloghlian (1971)

BK - Borngen and Kalloghlian (1975)

R - de Vaucouleurs and de Vuucouleurs (1964)

V - van den Bergh in de Vaucouleurs and

de Vaucouleurs (1964)
H - Sandage (1961)
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Table 3 (continued)

NOTES TO TABLE 3
3. MCG 12-6-19
10. MCG 10-11-138, bright nucleus
79, MCG 8-14-33

421. Double object, elliptical with bright nucleus plus
much fainter lenticular companion

501. MCG 7-35-2, very bright nucleus

531. NGC 7648, large halo, possible structure in halo
533. NGC 7674

£45. NGC 23

555. NGC 245, knot to S

558. NGC 279

565. IC 89, outer ring

573. MCG 0-5-33

590. NGC 863

02, IC 277, brigh£ nucleus

607. NGC 1320, edge on, companion to MK 608

608. NGC 1321, svperposed star to ENE, companion to MK 607

£16. NGC 1588, IT Zw 12, wisps to S, interacting with
NGC 1587
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systems, however, classification in the modified Hubble se-
quence is difficult. Our classifications of such galaxies
is meant only for the purpose of general comparison. More
‘detailed descriptions are available for the Markarian
galaxies with phctometry in the notes to Table 1, and for

the galaxies without photometry and Markarian Seyferts in

the notes to Table 3.
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ITII. COMPARISONS WITH FIELD GALAXIES

(a) Integrated Colors

A large amount of raw UBV photometric data for field
galaxies is available from the work of de Vaucouleurs (1959,
1961) and de Vaucouleurs and de Vaucouleurs (1972). A com-
jrarison of our measured diameters and the de Vaucouleurs and
de Vaucouleurs (1964) Reference Catalogue (DRC) diameters
for 75 galaxies shows that Dgg/ARC = 1.50, with small depen-
dence on morpholcgical type. Using this calibration we
correct the field galaxy photometry for 336 galaxies that
:iave been observed through apertures with A/Dss > 0.70, in
2Xactly the same manner as we corrected the Markarian galaxy
photometry. We stress again that magnitudes and colors in
this system are well defined because the jrowth curve and
the color-aperture curves are fairly flat for large aper-
tures. Unfortunately observational effects exist which
affect the measurement of galaxy diameters.

Two examples are the change in limiting isophote as a
function of morpiiological type (de Vaucouleurs and de Vau-
couleurs 1964) and as a function of apparsnt magnitude
(Paturel 1975a, 1975b). These will limit our ability to
compare diameters and surface brightnesses.

Figure 2 shows the corrected U-B versus B-V plot for

field galaxies. The color-color relation is well
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FIGURE 2

The color-color distribution of field galaxies.
The rectangular envelope is described in the

text.
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represented by the linear fit

(U-B) = [1.33%0.03]) x (B~-V) -~ [~0.82%0.02] (7)
The rectangle drawn has sides parallel to this relation
0.2 magnitude wide, and ends defined by the bluest and red-
dest galaxies in the sample. This rectangle contains 92%
of the field galaxies.

Figure 3 shows the U-B versus B-V plot for the Mar-
karian galaxies superposed on the field galaxy rectangle.
The linear fit to these data is given by:

(U-B) = [1.32+0.06] x (B~V) - [-0.90%0.04] (8)
The color-color relations are essentially the same except
for a U-B excess of the Markarian galaxies at the blue end.
There are little data there for field galaxies. Seventy-
four percent of the Markarian galaxies fall inside the
field galaxy rectangle. The distribution of galaxy colors
is continuous.

Few observations‘of field galaxies exist in the V-R
color, so comparisons cannot be made with the available
data for Markarian galaxies.

Table 5 contains the mean colors, mean blue surface
brightness and the reddening independent parameter, Q =
(U-B) -~ 0.72 (B-V), for the field galaxies and the galaxies
with photometry in the morphological sample as a function of
morphological type. Also presented are the parameters for
all field galaxies, all Markarién galaxies, and all Markar-

ian galaxies in the photometric sample. The variation in



-57-

FIGURE 3
The color-color distribution of Markarian
galaxies superposed on the field galaxy

envelope (Figure 2).
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Type # B-V U-B o) BSB
FIELD GALAXIES

E 64 0.96 0.49 ~-0.20 21.0

et 11 0.95  0.46 ~-0.23  21.0

L” 17 0.97 0.46 ~-0.24 21.0

L 20 0.92 0.44 -0.22 21.1

Lt 16 0.91  0.42 -0.23 21.5
s0/a 8 0.90 0.40  =-0.25 21.6

sa 11 0.87 0.31 -0.32 21.6

Sab 14 0.83 0.26 ~0.34 21.6

Sb 36 0.77 0.18 -0.38 21.8

Sbe 32 0.71 0.08 -0.43 21.9

Sc 28 0.62 0.00 -0.44 21.9

Scd 8 0.54 -0.14 -0.52 21.9

sd 8 0.58 =-0.09 =~0.51 22.3

sdm 5 0.54 -0.14 -0.53 21.8

Sm 5 0.42 -0.28 -0.58 21.7

Im 4 0.46 -0.23 -0.55 21.4

Irr II 9 0.83 0.25 -0.35 21.2
E,L,S0 P 17 0.74 0.18 -0.35 21,2
Sa-Im P 19 0.57 -0.05 -0.46 21.8

P 9 0.73 0.07 -0.46 21.3

All Types 341 0.79 0.23 ~0.34 21.5

MARKARIAN GALAXIES
All Types 197 0.57 -0.15 =0.57 21.4
Photometric

Sample 91 0.54 -0.21 -0.61 21.4
E~1, | 0.75 0.16 ~0.39 21.2
S0-S0/a | 9 0.73  0.14  ~0.40  21.2
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TABLE 5 (continued)

MEAN COLORS OF GALAXIES

Type ¥ B-V U-B Q BSB
sa-sab | 9 0.62 -0.02 ~0.39  21.5
Sb-Sbc T 10 0.70  0.06 -0.46  21.6
Sc-Scd T 15 0.58 -0.11 =0.54 21,5
sd-sdm T 6 0.43  -0.37 -0.69  21.4
Sm-Im | 15 0.41 -0.36 ~0.66  21.2

T Photomeﬁry from the non-Seyfert galaxies in the

Morphological Sample.
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mean surface brightness as a function of morphological type
can be ascribed to the diameter versus morphological ef-
fect mentioned earlier.

On the average, the mean surface brightness of Marka:-
jan galaxies is similar to that of field galaxies of the
same morphological type. On the other hand, the average
colors of the Markarian galaxies are significantly bluer
for each morphological type than the field galaxy colors.
The average colors of all the Markarian galaxies are simi-
lar to the average colors of the late type field galaxies.

(b) Color-Aperture Relations

For many of the Markarian galaxies, observations hava
beén made through several apertures of different size.
Figures 4, 5, and 6 are plots of the color versus apertura
data in U-B, B-V, and V-R. The points are derived from
Eittiﬁg a smooth curve to colors measured through three or
more aperture sizes or from two aperture measurements with
one aperture within 10% of the galaxy's diameter, defined
as having AC = 0. The scatter is large because the data are
inhomogeneous in morphological type, because observations:
from different scurces are used and because the error in
2solor differencec are expected to be larger than the errors
.n the colors themselves. A general trend of decreasing
color (bluer) with smaller aperture size is visible in U-8
and B-V. This erfect is weak if not reversed in V-R and is

weaker in B-V thin in U-B. The bluer colors get bluer
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FIGURE 4

The color-aperture relation for U-B. Log A/Dss
ié the logarithm of the measuring aperture size
over the standard sky survey diameter for any
galaxy. The points are from the Markarian
galaxy multi-aperture photometry. The curves

are for normal field galaxies (de Vaucouleurs

1961).
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FIGURE 5

The same as Figure 4 for B-V,.
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FIGURE 6

The same as Figure 4 for V-R. No curves are

available for field galaxies.
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towards the center. 1In Figures 4 and 5 we have also plotted
the mean color-aperture curves for several morphological
types, adapted from de Vaucouleurs (1961). Only the Sm and
Im field galaxies generally become bluer with decreasing
aperture sizes.

(c) The Mass-to-Light Ratio

The masses, and in particular, mass-to-light ratios of
galaxies can be studied using velocity and separation data
for binary galaxies if the systems are bound (Page 1961,
1966). Heidmann and Kalloghlian (1973) suggested that Mar-
karian galaxies have abnormally high M/Ls or are unbound,
based oﬁ the rather poor velocity data available at that
time. We have collected and obtained velocity and separa-
tion data for 20 Markarian pairs and Markarian double ga-
laxies with separations less than 8 arc min. An estimate of
the mimimum system mass is made using Page's (1966) formula
and assuming Hy = 50 km sec™l mpc‘l:

M/ Mg > 1350 D V_ (av)2 (9)
The system luminosity is given by:

L /1y =dex [ =0.4 % (Mg - 5.26)] (10)
D is the separation in arc min, Vr the mean radial velocity,
AV is the velocity difference, and Mpg is the absolute plio-
tographic magnitude. Table 4 presents the parameters of the
Markarian pairs and doubles. Column (1) gives the Markarian
number, column (2) the absolute photographic mégnitude, and

columns (3) and (4) the measured radial velocity and quoted
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error in km sec”l. If more than one source is listed in
column (5), the error given is the standard deviation of
the mean of the observations. Columns (6) through (8) give
the measured separation in arc minutes, the projected sepa-
ration in kpc, and the velocity difference in km sec™ L,
Columns (9) through (11) give the derived system minimum
masses, luminosities, and mass-to-light ratios in solar
units. Markarians 211 and 212 are probably a chance super-
position. Column (12) contains a description of the sur-
rounding field with respect to the nearest neighbor param-
eter x = 5, (Turner, 1975). Twenty pairs or doubles are
listed. Only one pair has a AV greater than 300 km sec™1,
while seven pairs have additional galaxies associated with
them or appear to be members of clusters.

By using Markarian-Markarian binaries, we can make an
estimate of the mean mass-to-light ratio for Markarian gal-
axies as a class and compare it to estimates for field gal-
axy mass-to-light ratios. Turner (1975) has obtained data
for a well defined sample of binary galaxies. Thirteen of
our pairs or doubles (assuming that the resolved companion
to 499/500 is in the foreground) conform to Turner's "bi-
nary" separation and nearest neighbor cutoffs, but almost
all of the systems have one component fainter than Turner's
Mpg = 15.0 cutoff. Does the limiting magnitude difference
introduce selection c«ffects? There are two competing pro-

cesses-~-fainter galaxies are, on the average, further away,
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so that a given projected separation will become a larger

spatial separation, but it is easier to find pairs with
smaller projected separations as the magnitude limit de-
creases. We checked the hypothesis that the Markarian and
Turner binary galaxies represent a similar sample of spatial
galaxy separations by using the Wilcoxon rank-sum test (Bu-
ry 1975, Noether 1967). This is a nonparametric test that
compares two samplings of data distributions by ordering the
combined sample and comparing the summed ranks of the smal-
ler sample with the expected sum of a random sampling of
that size. The test shows that there is no significant dif-
ference between the two saMples——they are drawn from the
same parent pOpulation and can be used to compare mass-~to-
light ratios.

For the comparison of mass-to-light ratios, we use the
ratio defined by equations (9) and (10). Table 6 gives the
arithmetic mean of this parameter and its one sigma mean
error intervals for Turner's spiral and irregular (0S, S, I)
sample, Turner's complete sample and for both the selected
sample of Markarian binaries and the sample of 19 pairs or
doubles (excluding 211-212).

Contrary to the claim of Heidmann and Kalloghlian
(1973), the Markarian binaries are not unbound and violently
flying apart, and, in fact, appear to have the same <M/L> as
the field spiral and irregular binaries. A comparison of the

distribution of individual M/L values for the Markarian and



TABLE 6

MEAN MASS TO LIGHT RATIOS

Sample # of galaxies  mean M/L .

FIELD GALAXIES

0s,s,I pairs 40 21 (14 - 28)
All pairs 73 23 (16 - 30)

MARKARIAN GALAXIES

Selected pairs 13 19 (3 - 34)
All pairs 19 22 (10 - 34)
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Turner binary galaxies show that both samples are very prob-
ably drawn from the same parent population of separations
and velocity differences. The actual value of the mean M/L
for Markarian binaries, after correction for selection and
orbital effects (Turner 1975), is then about 50 in solar
units.

Heidmann and collaborators (Heidmann and Kalloghlian
1973, 1975; Casini and Heidmann 1975) find that Markarian
galaxies tend to be associated with theﬁselves and other
galaxies. There is an excess of pairs with small separa-
tions over the number predicted by a random distribution of
galaxies. Peebles and others (Peebles and Hauser 1974,
Davis and Geller 1975) find the same effect in all catalogs
of galaxies. We think that this can be interpreted simply
as the tendency for galaxies to cluster. Coupled with the
above evidence that pairs of Markarian galaxies are bound,
the clustering interpretation negates Heidmann's hypothesis
of the "pair production" of Markarian galaxies. 1In fact,
this suggests that Markarian galaxies are distributed in
space in the same way as other galaxies. A further study of:
selection effects--such as the limiting magnitudes of the
catalogues~--is necessary before a definitive comparison can
be made. |

(d) The Luminosity Function
Redshift data or identification as galactic stars now

exists for 327 of the 428 Markarian objects with Mpg < 15.5
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in seven of Markarian's and Markarian and Lipovetsky's lists.
Using the V/V method and correcting for the completeness of
the sample as outlined in Huchra and Sargent (1973), we

have calculated the space density of Markarian galaxies in-
cluding Seyfert galaxies. No absorption correction to the
volume has been applied. The Markarian survey is generally
at high galactic latitutdes where the Sandage (1973) absorp-
tion is zero. This luminosity function is then compared in
FPigure 7 and Table 7 to that derived by Christensen (1975;
for field galaxies. The general conclusions drawn in the
earlier work of Huchra and Sargent (1973) still hold. Mar-
karians repreSent approximately 10% of the field galaxies
hbetween mpg = =22 and -15, with the proportion of all gal-
axies that are Markarians and Seyferts rising to the higher
luminosities. We can also make a rough estimate of the
space density of galaxies as a function of color. We make
the assumption, admittedly crude, that the distributions of
measured Markarian galaxy and field galaxy colors represent
the actual distributions. We then use the total space den-
sities (galaxies per Mpc3) given by the two luminosity func-
tions integrated between Wpg = -23.0 and -15.0. Table 8
gives the log space density (log &) versus color results for
both Markarian and field galaxies. Figure 8 shows the plot
of log ¢ versus U-B. Several features are readily apparent.
The field galaxy distribution drops off sharply at the red

end and drops more gradually at the blue end. The Markarian
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FIGURE 7

Log space density (galaxies per cubic mega-
parsec per absolute magnitude interval) versus
absolute phontographic magnitude for field
galaxies (filled circles), Markarian galaxies
(filled triangles), and Markarian Seyfert

galaxies (cpen circles).
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*
SPACE DENSITIES

Field Markarian Markarian
Tt Galaxies Galaxies Seyfe;t
MPg Galaxies
log & # log & # log ¢ #
-15.0 -1.20 1 -2,06 2 .o
-15.5 -0.97 3 -2.68 1 e
-16.0 -1.08 5 -2.72 2 “es
~16.5 -1.48 4 -2.43 7 ..
~-17.0 -1.78 4 -2.89 6 oo
-17.5 ~-2.08 4 -2.97 110 ces
-18.0 -2.08 8 -3.22 1i0 oo
~-18.5 -2.38 8 -3.50 i1 .o
-19.0 -2.33 18 -3.80 11 e
~19.5 -2.51 24 -3.77 2 -5.17 1
~-20.0 -2.77 26 -3.84 37 -4.,90 3
~-20.5 -2.88 40 -4,01 52 -5.07 5
-21.0 -3.16 42 -4.34 46 -5.56 3
~-21.5 ~3.76 21 ~4,58 52 -5.27 12
~-22.0 -4.47 8 ~5.03 35 ~-5.49 12
~22.5 -5.38 2 -5.80 12 -6.15 5
~23.0 -5.99 -6.61 -6.71 3
~23.5 ces ~-6.88 -6.97 4

* ¢ is in units of galaxies mag—1

+ from Christensen (1975)
tt magnitudes are on the Zwicky catalogue scale

Mpc

-3
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TABLE 8
SPACE DENSITY* VERSUS COLOR
Markarian Field
Galaxies Galaxies
log ¢ # log ¢ #
U-B |
-0.75 -3.6¢ 1
-0.63 -3.6¢ 4 .
-0.55 -3.45 7 ~-3.30 1l
-0.45 -2.99 11 -2.82 1
-0.35 -2.85 25 -2.34 9
-0.25 -2.62 34 -2.09 14
-0.15 -2.80 35 -1.95 20
-0.05 -2.97 27 -1.66 37
0.05 -3.25 17 -1.90 25
0.15 -3.22 7 -1.73 35
0.25 -3.52 9 -1.80 34
0.35 -3.82 6 -1.72 35
0.45 -3.99 5 -1.56 48
0.55 -4.28 1 -1.68 47
0.65 .es -2.12 18
0.75 ees -3.30 4
B-V
0.15 -3.99 2 -3.30
0.25 -3.60 4 -3.30 1
0.35 -2.73 17 -2.45 6
0.45 -2.58 52 -1.83 27
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TABLE 8 (continued)

*
SPACE DENSITY VERSUS COLOR

Markarian Field

Galaxies Galaxies

log ¢ # log ¢ #

B-V (cont'd)

0.55 -2.74 46 -1.78 31
0.65 -2.67 39 -1.57 49
0.75 -3.25 18 ~1.68 38
0.85 -3.25 13 ~1.57 48
0.95 -4,29 6 -1.37 81
1.05 coe -1.80 51
1.15 .o -3.00 4

*
® is in units of galaxies per 0.1 magnitude
per cubic megaparsec.
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FIGURE 8

Log space density (galaxies per cubic mega-
parsec per 0.l magnitude interval in color)
versus U-B for field galaxies (circles) and

Markarian galaxies (triangles).
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galaxy distribution extends bluer than the field galaxy dis-

tribution. It rises with the field galaxy distribution up
to =B = -~0.25, then drops gradually to the red while the
field galaxy distribution is still rising. Markarian se-
lects all of the very blue galaxies and a décreasing frac-
tion of the redder ones.

(e) The Distribution of Morphological Types and Colors

in Morphological Types

The evidence presented so far suggests that Markarian
galaxies are just a collection of late type galaxies. Th2
mean colors are zimilar to those of late type galaxies; the
mass—-to-light ratios are consistent with those of late type
galaxies. Galaxies of types Sd to Im comprise roughly 10%
of all galaxies, as do the Markarian galaxies; and the
Jolor-aperture curves for Markarian galaxies are similar to
those of late type galaxies. In order tc test this hypo-
thesis, we have determined the morphological types of the

91 Markarian galaxies with Mpy < 14.0, and have obtained

g
colors for 80% of these. Fiqure 9 compares the distribution
>f morphological types for the Markarian galaxy sample with
the distribution of morphological types for the Schechter
(1973) sample of 255 Reference Catalogue (de Vaucouleurs and
de Vaucouleurs 1964) galaxies brighter than Mpg = 11.75.

The cross-hatched areas in the S to Sdm bins indicate the

fraction of barred spirals of each type. Mixed spirals

(SAB) were count2d as one-half barred and one-half normal as
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FIGURE 9

The distribution of morphological types of
Markarian &nd field galaxies. Sample size

has been ncrmalized to unity.
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in Christensen (1975). The distributions are remarkably
similar. There are 3 times as many Sm, Im galaxies among
the Markarian galaxies as among the field galaxies, and the
fractions of other types are somewhat depressed, but a sub-
stantial fraction of Markarian galaxies are early type
galaxies.

The excess of barred spirals among the Sb and Sbc ga-
laxies is probably real, but the average fraction of spirals
that are barred is approximately one-half for both the Mar-
karian and field galaxies. This result contradicts the im-
pressions of Kalloghlian (1973) and Borngen and Kalloghlian
(1975). This contradiction, however, may be a result of
partially counting half of the mixed spirals as barred, as
Christensen (1975) did. 1If they are not counted, the
fraction of field spirals that are barred drops to 27%, and
the Markarian spirals do show an excess of barred types.

In the morphological sample, approximately 20% of the
Markarian galaxies sliow structural peculiarities. However,
it must be remembered that 7% of all NGC galaxies are in the
Arp (1966) atlas—--and this is a lower limit to the percent-
age of peculiar yalaxies because Arp's survey is not com-
plete. Three of the Markarian galaxies (171, 271, 496) are
interacting double systems, and others (e.g., 538) are parts
of such systems. It is possible that dynamical interaction
of galaxies could trigger star formation and thus make them

bluer (Toomre and Toomre 1972), however 4% of all NGC
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galaxies also appear in the Vorontsov-Velyaminov (1959)
Catalogue of interacting galaxies.

Figufe 10 a,b,c,d shows the distribution of colors for
normal ellipticals and lenticulars, early type spirals,
intermediate type spirals, and Magellanic spirals and irreg-
ulars plotted along with the colors for Markarian galaxies
of those types. "Peculiar" field galaxies and the three
Seyferts and two BL Lacertae type objects in the morpholog-
ical Markarian sample have not heen plotted. For the first
three groups, the colors of the Markarian galaxies fall at
the blue end but inside the distribution of colors for
morphologically similar field galaxies. For the last group,
the distributions overlap, but the Markarian galaxies extend
v 0.2 bluer in U--B, These effects are also seen in the mean
colors of the non-Seyfert galaxies presented in Table 5.

(f) Intrinsic Diameters

Measurements of the "sizes" of galaxies depend on the
limiting isophotal surface brightness used by the observer,
Accurate measurements, such as those of Holmberg (1956), re-
quire calibrated, uniform photographic materials or use of
area photodetectors. For a very rough comparison, however,
we can use the measured sky survey diameters and the correct-
ed Reference Catalogue diameters to derive the intrinsic

diameters for our samples of galaxies. The diameter is

D = 20 V_ tan( Dy/¢ + Dy/2 ) kpc, (11)
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FIGURE 10a

The color-color distribution for elliptical,
lenticular and SO0 galaxies. The small circles
are normal field galaxies, and the filled

triangles are the Markarian galaxies.
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FIGURE 10b

Color-color distribution for early type spirals.



-92~

So/a - Sb

8o

1.0

0.8

0.6

B-V

o.4

0.2

0.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>