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ABSTRACT 

Spectroscopic observations of 58 compact galaxies identified by Zwicky in two southern fields 
are described. Half of these show red continua and are either circular, lenticular, or elliptical in 
shape. They are apparently giant elliptical and SO galaxies. The remaining blue and very blue 
galaxies, almost without exception, show emission features. Two of the objects are previously 
unreported Seyfert galaxies, and a further two appear to be very similar to the isolated extra- 
galactic H ii regions described by Searle and Sargent. A comparison of data for all the compact 
galaxies described here with Holmberg’s photometry and dimensions of bright field galaxies 
suggests that the compacts do not have unusually high average surface brightnesses. 

Subject headings: galaxies: photometry — galaxies: Seyfert — galaxies: structure 

I. INTRODUCTION 

W. L. W. Sargent has kindly made available to the 
authors finding charts and positions for two fields of 
the Palomar Sky Survey (plates PS E-1030 at 12h04m, 
-18°31' and PS E-1061 at 13h12m, -18°) including 
objects which Zwicky had identified as compact 
galaxies in the sense defined by him in the foreword to 
his Catalog of Compact and Posteruptive Galaxies 
(1971). A total of 348 objects were identified in the 
12h field and 76 in the 13h field. Of the former, on the 
basis of eye estimates of color from the PSS charts, 
232 could be described as very red, 79 as red, 25 as 
blue, and 12 as very blue. 

The initial intention was to observe all objects in the 
13h field without regard to color in order to obtain a 
luminosity function for the Zwicky galaxies. However, 
as noted above, a great preponderance of the objects, 
some 90%, were red or very red, and generally dis- 
played spectra in which only the absorption lines were 
visible. With the rapidly deteriorating night-sky con- 
ditions at Mount Stromlo, it was found unprofitable 
to attempt observations of red galaxies fainter than 
mR =16.5 mag. Therefore, in the observations of the 
12h field it was decided to concentrate on those objects 
with blue and very blue continua. The crucial factor 
in this decision was the lack of suitable night-sky 
subtraction facilities available when the RCA 
C33063EP3 image tube was used. The survey is being 
continued in these fields with linear spectroscopic 
detectors. We believe it appropriate to present now the 
results obtained with the image tube. The selection of 
blue objects in the 12h field led to an increased yield of 
measurable redshifts owing to the almost universal 
presence of emission lines and to a greater diversity of 
galactic luminosities and spectral characteristics. As 
will be emphasized later, the outstanding feature of 
the Zwicky compact galaxies is the great heterogeneity 
of galaxy types included in the sample. 

II. OBSERVATIONS 

We obtained 66 spectrograms of compact galaxies 
in the 12h and 13h fields using the Cassegrain spectro- 
graph on the 74 inch (1.9 m) telescope at Mount 
Stromlo. Most of the spectrograms have a resolution 
of 7 Â at 20% modulation level and cover the wave- 
length range 3400-7000 Â. In some cases—II SZ 37, 
for example—spectrograms have a resolution of 3 Â 
and were obtained with varying slit orientation to 
determine the position angle of the rotational axis of 
the irregular object. In other cases—I SZ 63 and I SZ 
182, for example—the slit was aligned with different 
parts of the object. Many of the spectrograms we 
obtained are of relatively low weight for the determina- 
tion of redshifts, as the H and K lines of Ca n were 
displaced into the region of the Hg i A4046 (city-lights 
emission) line. In these cases, in which reliance on the 
weaker Mg i b and Na i D lines was necessary, large 
probable errors resulted, which in the bad cases are as 
great as 350 km s“1. 

In Tables 1 and 2 we present the positions for epoch 
1950.0 (which, as they are accurate to 30", have been 
found adequate for locating the source at the tele- 
scope), an estimate of the color based on the continuum 
energy distribution of the spectrum as seen on the 
spectrograms and based on the appearance on the 
blue and red PSS charts, the dimensions of the galaxy 
(based on the PSS charts), a description of the spectral 
features detected and used in redshift determination, 
the heliocentric velocity and its standard deviation, a 
description of the shape of the object, and an estimate 
of the red magnitude of the galaxy. The sources of the 
magnitudes are threefold. Magnitudes for the blue 
compacts were taken largely as the magnitude at 
6500 Â of the continuum inside a 30" diameter aper- 
ture using the Stromlo multichannel scanner. For 
some red and blue compacts, these results were aug- 
mented with UBVR photometry. These data were used 
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771 SPECTROSCOPY OF SOME ZWICKY GALAXIES 

I SZ 15A 

ISZ 18 

ISZ 23 

ISZ 37 

I SZ 38 

ISZ 54 

I SZ 57 

I SZ 59 

ISZ 60 

I SZ 63 

ISZ 74 

ISZ 80 

Notes to Table 1 
15A is the brighter of a pair of compact ellipticals 
30" apart. 15B is in p.a. 40°. [O n] is very weak. 
No emission or absorption lines apart from weak 
Ha were detected at a resolution of 8 Â. 
A high-surfaçe-brightness object, but our spec- 
trum shows only very weak absorption near 
A4080, which we tentatively attribute to Ca n H 
and K. 
A high-surface-brightness object with medium- 
strength Balmer-line emission. (HjS) = ([O n]) » 
([Om]). 
Moderate-strength Balmer emission on a blue 
continuum; ([Om]) > ([Om]) > (HjS) > ([Om]). 
Relatively weak, sharp Balmer and forbidden- 
line emission; ([O n]) > (HjS) = ([O m]). 
A peculiar absorption spectrum, with a strong 
absorption line at A = 4160 Â and a weak line at 
A = 4020 Â. There is a suggestion, with a signal- 
to-noise ratio of 1, of emission at A3901, but no 
Balmer emission is seen at the redshifted velocity 
of 14,000 km s-1 if the emission is identified as 
[O ii]. 
Strong sharp lines on a very blue continuum. The 
emission spectrum is characteristic of a high- 
excitation H ii region and bears great similarity 
to the “isolated extragalactic H ii regions” of 
Searle and Sargent. 
Medium-strength emission lines on an only 
moderately blue continuum: ([O n]) = ([O m]) 
> (Hj8). 
Strong sharp lines on a very blue continuum. 
While He i A5876 is not visible because of Na i 
contamination, [Ne m] A3869 is present. This 
object is unique in that the maximum intensity of 
the continuum is displaced by 20" from that of 
the lines. A considerable body of spectrophoto- 
metric data and a more extensive analysis of 
I SZ 63 and 59 will be presented in a later paper; 
I SZ 63 is classifiable as an isolated extragalactic 
H n region. 
A moderately blue continuum; (HjS) = ([O m]) 
< ([O n]). This galaxy has a significantly bright 
halo in contrast to most blue Zwicky objects. 
While the galaxy outline is elliptical, the bright- 

ness distribution is strongly asymmetrical. The 
continuum, in which we could detect no lines, 
is moderately blue. 

I SZ 91 The outline of the galaxy is elliptical, but there is 
a pronounced bar in p.a. 135° with spiral arms at 
each end of the bar. 

I SZ 94 A stellar appearance at the telescope and an only 
moderately blue continuum. Absorption features 
due to sky, or to an F-type star, appear in the 
continuum. 

I SZ 96 A class 1 Seyfert-type spectrum, with [O m] and 
[O ii] relatively sharp ( ~ 400 km s ~1 wide) and 
Ha and Hj3 broad (3000 km s-1 total width). The 
galaxy has an irregular outline of reasonably 
uniform brightness and does not show any 
marked spiral features. 

I SZ 108A A blue continuum. There appears to be a weak, 
unidentified emission feature at 5370 Â. 

I SZ 109 NGC 4027, studied by de Vaucouleurs, de 
Yaucouleurs, and Freeman (1968). Our velocity 
is consistent with their measurement of the 
velocity and its dispersion in the galaxy. 

I SZ 114 Elliptical in outline with a slight flare to the east. 
Balmer emission is very weak, and ([O n]) » 
«O m]). 

I SZ 122 An asymmetric barred spiral. The emission 
originates largely in the arms, but the continuum 
of the nucleus is blue. In the SW arm ([O m]) > 
([O ii]), but in the nucleus ([O ii]) > ([O m]). 

I SZ 182 Complex in structure. The northern part shows 
only very weak Ha emission on a very blue con- 
tinuum. The southern part shows strong emission 
of the Balmer series, [S n], [O m], and [O n]. 
There is a differential velocity of 700 ± 200 km 
s“1 between the two components. In the southern 
part [O m] A4363 is very weak. Extensive spectro- 
photometry of this object will be presented in a 
later paper. 

I SZ 369 While the PSS charts suggest that this object is 
blue, our observations of the spectrum show it to 
have a red continuum and absorption-line 
strengths typical of an elliptical galaxy. The sur- 
face brightness es not symmetrical, and there is 
an indication of spiral structure. 

to directly relate eye estimates of the interpolated 
brightness of the remaining red compacts. We believe 
these magnitudes to be correct to ±0.5 mag and in 
most cases to be much better. The red magnitude 
system of the PSS was used because it enabled a 
comparison of emission-line and non-emission-line 
galaxies to be made without precise knowledge of 
emission strengths and because at the high galactic 
latitude of the two fields (b ä 45°) absorption correc- 
tions to the red apparent magnitudes could be neglec- 
ted. The effect of a fixed aperture of 30" diameter was 
corrected for by using a growth curve kindly supplied 
by N. Yisvanathan, with effective diameters taken from 
the PSS charts to an estimated limiting brightness of 
mR = 24.0 mag arcsec“2. Redshift effects on the mag- 
nitudes are small. The red magnitudes were taken as 
the continuum brightness between 6500 and 6600 Â 
in the galaxy rest frame; the bandwidth effect, 
2.5 log (1 + z) < 0.07 mag, was neglected. 

Descriptions of the peculiarities of each object and 
its spectrum are given in more detail in the notes to 
Tables 1 and 2. In the tables and notes, reference is 
made to projected dimensions in kiloparsecs. The 
derivation of the distance and of the projected dimen- 
sions is based on a value H0 = 75 km s-1 Mpc-1, so 

that the derived luminosities and dimensions in our 
sample of galaxies are directly comparable to those 
described by Sargent (1970). Galactocentric velocities 
were used in the distance calculations. 

HI. SURFACE BRIGHTNESS 

The question of the definition of compact galaxies 
and compact parts of galaxies given by Zwicky is dis- 
cussed by Sargent (1970) and Kormendy (1977a, b)\ 
the Kormendy studies are concerned almost exclusively 
with red compact galaxies. Kormendy explicitly dis- 
cusses the question of the global properties of the red 
compacts; he concludes that the red compacts are 
qualitatively E and SO galaxies having mean bright- 
nesses within the 23.0 mag arcsec-2 contour which 
are normal. Our data are not so intensive as those of 
Kormendy, but we can also use them to compare the 
mean properties of blue and red compacts with those 
of ordinary early-type systems. Zwicky (1971) defined 
compacts as having parts where the surface brightness 
exceeds 20 mag arcsec-2; but as Kormendy remarks 
in his study of the luminosity profiles of the red ob- 
jects, the surface brightness at the center of these 
objects exceeds 20 mag arcsec-2, as it also does in 
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Notes to Table 2 
II SZ 1 Very red EO galaxy. 
II SZ 3 Red E2 galaxy. 
II SZ 4 EO galaxy with a very red continuum. Only Ca n II SZ 36 

H and K lines were measurable. 
II SZ 6 NGC 4984. It is lenticular in appearance and is II SZ 37 

classified by de Vaucouleurs, de Vaucouleurs, and 
Corwin (1976) as SO (T = — 1). The heliocentric 
velocity measured by us agrees well with the value 

= +1259 km s"1 given by Sandage (1971). The 
spectroscopic continuum is relatively blue. II SZ 38 

II SZ 8 Lenticular galaxy with red continuum. The only 
lines measurable were Ca n H and K. 

II SZ 10 The image of this very blue Seyfert galaxy is nearly II SZ 39 
circular. There is a faint flare to the SW. Sharp II SZ 40 
(800 km s"1 FWHM) emission lines of [Ne m] and 
[O m] are visible, while the Balmer lines have a 
characteristic width of 2100 km s“1. 

II SZ 11 This E0 galaxy has a red continuum, with the lines II SZ 41 
of [O n] A3727 visible. 

II SZ 12 This lenticular galaxy has a red spectroscopic 
continuum. 

II SZ 13 E0. 
II SZ 15 E2. 
II SZ 17 E0. 
II SZ 18 E2. II SZ 43 
11 SZ 19 At the resolution of the PSS plates, a star is super- 

posed on the galaxy, and no spectrum uncon- II SZ 44 
taminated by starlight was obtainable with the II SZ 45 
1.9 m telescope. II SZ 47 

II SZ 22 El galaxy with red continuum. Only Ca n H and 
K were measurable. II SZ 49 

II SZ 25 E0. II SZ 50 
II SZ 32 This El galaxy has a red continuum with weak II SZ 51 

[O n] A3727. 
II SZ 33 This E0 galaxy has a red continuum. II SZ 66 
II SZ 34 This elliptically shaped galaxy has a blue con- 

tinuum with no obvious absorption lines; the 
emission lines are sharp (FWHM < 200 km s-1). 
Lenticular galaxy with red nucleus; faint extensions 
SE and NW. Sharp [O n] A3727 emission is visible. 
A blue triangular galaxy. The emission lines, in 
which /([O ii]) ä /(HjS) ä /([O m]), are tilted on 
unwidened spectra with a maximum velocity 
gradient in p.a. 45° ± 20°. The continuum is blue, 
and no absorption lines have been detected. 
An elliptical nucleus and a faint, extended elliptical 
halo. The spectroscopic continuum is red; only 
Ca n H and K were measurable. 
E3. 
This blue elliptical galaxy appears to have uniform 
surface brightness. The emission lines of the Balmer 
series as well as [O m] and [O n] are sharp. 
/([O n]) > /(HjS) » /([O in]). 
This galaxy appears to be very similar to II SZ 40, 
having an identical redshift, a similar blue con- 
tinuum, a similar degree of excitation of the emis- 
sion spectrum, and a similar near-uniformity of 
surface brightness. The equivalent widths of all 
emission lines in II SZ 41 are greater than in II SZ 
40. 
This lenticular galaxy has a relatively blue con- 
tinuum and high surface brightness. 
E2. 
El. 
This E2 galaxy has a red continuum and a fainter 
irregular companion 25,/ to the NE. 
E2. 
E0. 
The red continuum of this El elliptical shows no 
measurable absorption lines. 
E2. 

most nondwarf elliptical and lenticular galaxies. The 
question to be addressed is not only whether Zwicky’s 
criterion of high surface brightness at some location in 
a galaxy is met in practice but also whether such a 
criterion differentiates between compact galaxies as a 
class and the majority of objects, say, those listed in 
the Shapley-Ames catalog. Holmberg (1966, 1975) has 
presented a relation between the maximum linear 

dimension and the absolute magnitude within a limit- 
ing isophote of mVE = 26.5 mag arcsec“2. Following 
the precepts of de Vaucouleurs, de Vaucouleurs, and 
Corwin (1976), one can correct this relation to a 
limiting surface brightness of mR = 24.0 mag arcsec“2, 
which we estimate to be that of the PSS film copies. 

In Figure la we plot the absolute red magnitude 
against the largest projected dimension for the blue 

Fig. 1.—(a) The absolute red magnitude MR for the blue compact galaxies plotted against log A, where A is the largest dimension 
of each object. No correction has been made for Galactic absorption. The solid lines represent constant surface brightness and the 
Holmberg relation for field galaxies corrected for the B — Ä color of the blue galaxies and a limiting surface brightness of 24.0 mag. 
(¿>) Mm for the red compact galaxies plotted against log A. The solid line represents the corrected Holmberg relation. 
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galaxies, and in Figure 16 we plot the same quantities 
for the red galaxies. The blue galaxies, ranging in type 
from the isolated extragalactic H n regions at the low- 
luminosity end to Seyfert galaxies at the high- 
luminosity limit, demonstrate the heterogeneity of the 
compact galaxy sample. It appears that, on average, 
these galaxies are a little brighter than the “normal” 
galaxies defining the Holmberg relation. Indeed, there 
is an indication that the blue galaxies define a line of 
constant surface brightness. While the range in in- 
trinsic luminosities is smaller than that for the blue 
galaxies, the red compact galaxies appear to follow the 
Holmberg relation very closely. The transformation of 
the Holmberg relation to red magnitudes was made 
through the results of photometry by Sandage and 
Visvanathan (1978) for E and SO galaxies, while for 

the blue galaxies multichannel scanner observations 
were used to determine B — Rr colors for the least 
luminous objects (B — Rr = 0.3) and for the high- 
luminosity galaxies (B — Rr = 0.5). Figure lb sup- 
ports the results of Kormendy (1977a, 6) in their 
suggestion that there is nothing unique in surface 
brightness in the red compact galaxy sample. The mean 
red surface brightness represented by the galaxies in 
Figure lb is about 20.7 mag arcsec-2 within the 20.4 
mag arcsec-2 isophote. No lenticular galaxies with 
early-type spectra, the prototypes of which were 
discovered by Kormendy (1977a), were found in our 
survey. 

We thank Dr. N. Visvanathan for his interest in this 
program of observations. 
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