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The Westerbork Synthesis Radio Telescope has been used to map 40 radio galaxies at the frequencies of 610, 1415 and 4995 MHz.
The results are presented here along with various physical parameters derived for the sources.
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1. INTRODUCTION

This is the fourth of a series of papers on the radio properties of galaxies. Previous papers (Fanti et al.
1973 and Colla et al. 1975a, hereafter called paper I and II) described the selection of a complete sample of
galaxies from the “Catalogue of Galaxies and Clusters of Galaxies” (Zwicky et al. 1963, 1966), identified with
radio sources of the second Bologna catalogue. Paper III (Colla et al. 1975b) gave a preliminary statistical
analysis of the radio and optical properties of the galaxies of the sample and the bivariate luminosity
function of the elliptical galaxies.

This paper presents new observations for 40 galaxies from the aforementioned sample, obtained at three
frequencies (610, 1415 and 4995 MHz) with the Westerbork Synthesis Radio Telescope (WSRT). They allow
us to obtain, for most of the galaxies, radio structures with resolutions ranging from 8 to 54 arcsec.

2. THE OBSERVATIONS AND THE DATA REDUCTION

The observations were made with the WSRT! at 610, 1415 and 4995 MHz. For each source and
frequency three to ten short observations (each not less than ten minutes in length) were made at widely
spaced hour angles (see table 1), giving a sampling of the U — V plane ranging from at least sixty to two hundred
points. These data, calibrated with the standard procedure by the reduction group in Leiden, were used to perform
a Fourier Transform, producing a bidimensional map. This map, the so-called “dirty map”, due to the
incomplete coverage of the U — V plane, is severely affected by strong sidelobes which make the interpretation
of the source structure very difficult.

We used, therefore, the so-called “clean” technique to remove the effect of the undesired sidelobes
responses. The “clean” technique is described by Hogbom (1974) and the reader is referred to it for details.
Here we only remember that the reliability of the cleaned maps rests on the assumption that the synthesized
map is mostly empty, or, in other words, that the sky brightness is zero almost everywhere. Therefore, maps
of radio sources of large scale structure, or of fields in which there are many radio sources, have to be
considered with caution. Moreover, this procedure does not eliminate confusion problems originated by
sidelobes of radio sources outside the synthesized field. To reduce this problem we have computed maps

1 The WSRT, its mode of operation, its performance and data processing are described by Baars et al. (1974), Casse et al. (1974),
and Hogbom et al. (1974).
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40 x 40 arcmin in size at 1415 MHz and 80 x 80 arcmin at 610 MHz. These sizes are slightly larger than the
half-power beam width of the individual dishes, and therefore contain most of the confusing sources in the
field of view of the telescope.

At 4995 MHz the expected number of sources per primary beam is very small, so that, in general,
only small fields (3 x 3 arcmin) have been synthesized.

Table 1 gives the number of short observations used at each frequency for each source and the rms of
the response in each map, computed on the map itself. This figure, at 4995 MHz, is fully due to the noise.
At 1415 MHz and especially at 610 MHz, it is mostly due to confusion from sidelobes of sources outside
the synthesized map.

Radio sources from the original sample (see paper II) missing here were not observed either because better
quality radio maps were already available (see references quoted in paper II) or because, being of very
small size, further information was not useful (see paper II). For the two radio galaxies 3C 338 (B2 1626+ 39)
and 3C 382 (B2 1833+32) better maps became available from other authors (Jaffe and Perola 1974,
Riley et al. 1973) after this work was started. Our maps are displayed in figure 2 with those of the other
sources. They may help in judging the reliability of maps of complex sources, when observed with our
procedure. Full synthesis maps at 1415 MHz for 0326+ 39, 1321 +31, 1422+ 26, 1615+ 35 and 1621+ 38 will
be published elsewhere. A full synthesis map of 0924 +30 at 1415 MHz has been published by Ekers et al.
(1975).

The radio source 0910+ 35 was undetected at 6 cm and severely confused at 21 and 50 cm by nearby very
strong radio sources.

3. THE DATA

Table 2 lists the results of the observations. They are arranged as follows:

Column 1: B2 name.

Column 2: Radio component name (G means optical galaxy, c: core, E: extended component, T: total
flux, a, b, A, B, C, D: other components).

Columns 3, 4: Right ascension and declination of centroids of the radio components.

Columns 5, 6, 7, 8: The 408, 610, 1415 and 4995 MHz flux densities in mJy; single bracket signs indicate
cases where the flux densities are the total flux densities from two or more components. For
the 408 MHz flux density scale, the reader is referred to the B2 catalogue of radio
sources. The 610, 1415 and 4995 MHz flux density scale is that of Kellermann et al. (1969).

Column 9: Redshift (taken from paper II).

Column 10: Half-power width of the source parallel and perpendicular to the major axis (gaussian
' model), position angle of the major axis.

Column 11: Absolute magnitude of the galaxy.

Column 12: Logarithm of radio luminosity at 1415 MHz.

Column 13: Overall linear dimensions in kpc.

Column 14: Estimate of the minimum energy in the source. The formula used is that given by

McDonald et al. (1968), decreased by a factor 13.9, as it is assumed that there are no
relativistic protons in the source.

Column 15: The equipartition magnetic field.

Column 16: The minimum energy density in the source.

“We have used a Hubble constant H=100 kms™ Mpc™ instead of H=50 kms™* Mpc™! to make a
comparison with our previous papers (I, II and III) easier. At any rate, we give the conversion formulae
to H=50 for the following quantities: Mso=M 00— 1.5, log Pso=1log P;¢0+0.6, Dsog=D109 X2, Upin s0=
Unmin 100 X 5.38, Hnin 50 = Hmin 100/1-22, Umin 50 ="Umin 100/1.49.
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Figure 1 shows a comparison of the 1415 MHz fluxes measured here and those reported in paper II,
obtained with the Nangay radio telescope.

Radio maps of 32 radio galaxies are shown in figure 2. For each source we give in general only maps
showing structure. The maps of 8 sources which are unresolved or just slightly resolved are not shown.
The position of the galaxy is marked in each map by a cross. Contour levels are, in general, integer multiples
of a given value (different from map to map) indicated in the figures. Zero and negative levels are omitted for
clarity. The beam size in each map is represented by an L shape, whose arms are the half-power width in EW
and NS. In general, the beam widths are (7.6” x 7.6"/sin 3) at 4995 MHz, (24" x 24" /sin 3) at 1415 MHz
and (54" x 54"/sin ) at 610 MHz. In a few cases (see comments on individual galaxies) maps are convolved
with gaussian function to decrease the resolution in order to display low brightness features. Finding charts
of the galaxies, taken from the red prints of the Palomar Sky Survey, are given in paper IL

4. COMMENTS ON INDIVIDUAL GALAXIES

0034+25 The source is an asymmetric double, with one component on the optical galaxy and a second
one ~2.5" towards the east. A core source is detected at 4995 MHz (~ 10 mJy). The map at 610 MHz
suggests the existence of a third component of ~ 30 mJy (65), SW of the galaxy.

0055+30 The 1415 MHz map of this source has already been published (Fanti et al. 1976). The source is
dominated by a very strong nuclear source of small diameter (<0.1”) and flat or rising spectrum
(see previous reference). The NW component has an asymmetrical shape, typical of a “head-tail”
source. Its 610-1415 MHz spectral index steepens, from about 0.5 to > 1.0, going from the inner
to the outer parts. The SE component is undetected at 6 cm and has a steep spectrum (o=~1.4).
The galaxy may belong to the Zwicky cluster (01*07™5+32°12'). Recently Bridle et al. (1976)
have shown that our source is the central part of a giant radio source 0.7 Mpc in size.

0055426 The source is too extended to be mapped with the full resolution at 4995 MHz. The comparison
of the 1415 MHz map and of the 4995 MHz one, convolved to the resolution of the former,
indicates that the spectrum of the two outermost components is rather steep (> 1.0 for the most
western: o~ 1.2 for the NE), while the main components have a normal spectrum (o~ 0.6).

0120+33 The radio source, detected at 1415 MHz, is displaced west of the center of the galaxy by ~ 15",
but it is still well within the main body of it. At 610 MHz a second component may have been
detected, at a level of 40 mJy (~60c) east of the galaxy. The WSRT 1415 MHz flux density is
significantly lower than the total power flux density from the Nangay telescope (reported in
paper II), suggesting a low brightness large scale structure. The galaxy belongs to the Zwicky
cluster (01*0775+ 32°12)).

0149+35 See Wilson et al. (1977) for a 610 MHz map of this source. The central source coincides with the
galaxy NGC 708, the brightest of the Abell cluster A262. The southern source is associated to
the spiral galaxy NGC 710. The northern source is not associated to any optical object and
may not be connected to NGC 703. At 4995 MHz only the northern source is detected. The southern
one was out of the observed field. A new source is detected at 4995 MHz and coincides
with the nucleus of the galaxy NGC 703. Its flux is 9 mJy and the radio spectrum is flat.

0206+35 The source was observed at only 3 p.a., and since its structure is rather complex, the full
resolution cleaned map is not reliable. The source is dominated by a bright core with flat spectrum.
The extended source is elongated in p.a. 124°, possibly double.

0326439 The source is triple (see 610 MHz map), with the central component again triple (see 4995 MHz
map). The central component is unresolved. This source has been observed in a full synthesis at
1415 MHz at Westerbork (Ekers et al., in preparation).
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0755437 The source is too extended to be mapped at full resolution at 4995 MHz. The map given in figure 2
at this frequency has a resolution of 16 x 16 arcsec. The core has a flat spectrum. The extended
outer components have a spectral index o~ 0.7.

0800+24 The radio source is very complex and asymmetrical. A core source with spectral index o <0.2
coincides with the nucleus of the galaxy. Another point source, 3.5 SW may be unrelated to the
galaxy. Its spectrum is rather flat.

0844 +31 See Grueff and Vigotti (1974) for a 6 cm map. A 1415 MHz map has been obtained at Westerbork
by Miley (private communication).

0915+32 The source is too extended and low in brightness to be mapped at full resolution at 4995 MHz.
Two galaxies (E and SO?) are located between the central and northern component. Due to
the lack of any compact component in either galaxy, we do not know which galaxy is responsible
for the radio emission. '

0916+34 The two components are asymmetrically located with respect to the galaxy just outside its main
body. It could be a misidentification. Note, however, the possible similarity with 0800+ 24
(1415 MHz map), if one doesn’t consider the core source. The galaxy is near the edge of the
Abell cluster A779.

1040+31 Triple system of galaxies in a common halo. The core of the radio source is nearer to the central
galaxy (the brighter), whose position is marked on the radio map.

1108 +27 The source seems associated to the eastern end of a pair of galaxies, which coincide (within the
errors) with an unresolved radio component. The radio source is asymmetric with respect to the
galaxy and looks like a “head-tail” source.

1113429 A higher resolution map has been published by Riley (1975). The radio source is associated to
the northern galaxy of a double system belonging to the Abell Cluster A1213. A second radio source,
with flat spectrum, detected also by Riley (1975) is associated to another elliptical galaxy, probably
the brightest of the cluster. Its fluxes are 40 mJy at 1415 MHz and 60 mJy at 4995 MHz.

1317433 Two elliptical galaxies in common halo. The radio source coincides with the western galaxy.

1318+ 34 Zwicky compact galaxy, reported also in the Arp Atlas of Peculiar Galaxies (Arp 1966). See also
Sargent (1970) for a description of it.

1422 +26 This source has been observed in a full synthesis at Westerbork at 1415 MHz (Ekers et dl,
in preparation).

1525+29 The radio source is associated to the second brighter galaxy of the Abell Cluster A2079.

1553+24 The radio source is dominated by a strong core and has possible very weak outer components.

1602+34 Triple source of very low brightness. It is undetected both at 6 and 21 cm. The galaxy is shifted
~ 1’ from the radio axis and very likely may be a misidentification.

1855+37 A point source coincides with the nucleus of the galaxy. A second component is about 2’ west of it
and may not be associated to the galaxy.

2229+39 The 4995 MHz map presented here has a resolution of 24 x 39 arcsec.
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Figure 1 Comparison between 1415 MHz fluxes measured at Nancay and at Westerbork.
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Table 1 Observational Parameters

Name 610 MHz 1415 MHz 4995 MHz
number of r.m.s. number of r.m.S. number of r.m.s.
observations mJy/beam observations mJy/beam observations mJy/beam
0034+25 9 4.8 8 2.5 6 1.5
0055+30 6 6.0 7 3.0 5 5.7
0055+26 7 5.7 7 3.1 6 3.5
0120+33 10 7.1 10 3.3 - -—
0149+35 - -— 8 2.3 6 1.5
0206+35 5 4.4 6 5.0 3 8.0
0222+36 6 3.8 6 . 3.5 3 4.0
0326+39 7 5.9 - -— 6 2.0
0331+39 5 4.5 - -— 5 2.5
0648+27 6 4.1 5 3.3 5 2.1
0722+30 6 4.0 5 3.4 6 1.9
0755+37 7 5.0 7 6.3 7 5.0
0800+24 - b 7 2.5 6 1.5
0836+29 6 5.7 6 2.8 6 "3.0
0844+31 7 4.1 - -—— - -—
0915+32 10 5.7 8 2.5 7 4.0
0916+34 7 4.5 - —— 6 2.9
1040+31 5 4.5 6 3.6 7 3.2
1102+30 7 3.9 7 2.8 6 3.2
1108+27 7 3.4 7 2.2 6 3.0
1113+29 5 4.1 6 3.5 6 4.3
1122+39 7 3.3 - - 3 2.4
1254+27 - - - ——— 6 1.5
1317+33 - - 6 2.7 7 1.8
1318+34 6 3.7 - -— 6 2.5
1322+36 5 4.6 6 3.5 6 2.1
1346+26 . 7 4.0 6 4.9 6 2.5
1350+31 - - - -— 6 6.5
1422426 8 5.5 - -— 6 2.7
1506+34 - -— 6 3.5 6 1.5
1525+29 8 3.8 7 3.7 6 2.5
1553+24 9 4.5 9 2.2 6 2.8
1602+34 8 3.7 - ——= - -—
1610+29 7 3.5 5 3.1 - —
1626+39 - -— - — 6 3.9
1833+32 4 5.6 - — 4 8.0
1855+37 8 3.5 9 3.1 6 1.7
2116+26 7 4.0 4 3.2 6 1.5
2229+39 4 7.0 - —_— 6 4.5
2236+35 6 3.8 6 3.0 5 2.2
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Radio Maps of Low Luminosity Radio Galaxy
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