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Abstract. — We present high resolution observations of 25 extragalactic radio sources made with MERLIN at 1.6
GHz. These objects, comprising quasars and galaxies, have been mapped with angular resolutions from 0.15 to 0.35
arcsecs. The observational parameters of each source and information on previously published data are also presented
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1. Introduction

In recent years much has been learnt about the radio struc-
ture of extragalactic radio sources through high resolution
observations made with the VLA, MERLIN and VLBI.
MERLIN observations have been particularly useful for
offering high angular resolution even at low frequencies,
such that direct comparison with VLA images (of com-
parable resolution) at high frequencies has been possible
(e.g. Leahy et al. 1989). The radio images of several pow-
erful sources observed with MERLIN have been published
(e.g. Leahy et al. 1989, Spencer et al. 1989, Akujor et al.
1991).

Here, a further 25 MERLIN images of extragalactic ra-
dio sources from the 3C and 4C catalogues observed at 1.6
GHz are presented. These observations have been made for
a number of projects and for one reason or another have
not previously been published. The majority of objects are
high-redshift (z > 1) radio galaxies and quasars, but we
also include some interesting low-z objects.

2. Observations

The observations were made at 1665 MHz and taken over
the period 1980 to 1989, each observation lasting on the
average 14 hours (see Table 1). The details of the MER-
LIN array configuration have been described by Thomas-
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son (1986). For most of the observations we employed the
six antennae of MERLIN (Lovell (or MK2), Defford, Darn-
hall, Wardle, Knockin and Tabley). For a few more recent
observations (see Table 1) the 18 m central element of the
Cambridge One-Mile telescope was added to the array,
thus improving not only the angular resolution but also
the East-West uv coverage, which is particularly useful
for low declination sources.

For each observation one of the following sources was
used for initial corrections of antenna gains and the
correlator based closure offsets: BL Lac, 2134+004 or
0552+398; flux densities were determined with observa-
tions of 3C286 and 3C287 on the scale of Baars et al.
(1977). The initial calibration was done in Jodrell Bank
OLAF package written by R. Noble and others. Further
processing used the self-calibration technique (Cornwell
& Wilkinson 1981) in the OLAF difference-mapping pro-
gram, ‘MAP’ and the NRAO AIPS routines. The restoring
beams vary from 0.35 to 0.15 arcsec depending on whether
the baselines were extended to Cambridge, and whether
we needed to display extended low brightness features in
the maps.

3. Results

The images (Fig. 1) and observational parameters (Ta-
ble 1) are presented in order of increasing right ascension.
The dynamic range (defined as peak surface brightness Spy
to rms off source, oyms) varies from 100:1 to better than
1000:1 in brighter sources. In sources with significantly ex-
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tended structure or strong bridge emission, the flux den-
sities in our maps appear to be systematically lower than
the total flux densities from single dish observations (Kiihr
et al. 1979). This is due to the extended weak features be-
ing resolved out by MERLIN due to the absence of short
spacings in the array.

4. Comments on individual sources

00174153, 3C9, quasar : VLA maps have been pub-
lished (Lonsdale & Barthel 1987; Swarup et al. 1982; Gar-
rington et al. 1991). Our map shows the knotty one-sided
jet. The radio core detected in the Lonsdale & Barthel
map (3.5 mJy) and closely coincident with the optical po-
sition is not seen in our map. We, therefore, estimate the
core spectral index, a, (S ~ v=*) to be < —0.2. This
quasar is a prototype ’hotspotless’ source, a class which
is currently a subject of intense investigation (see Akujor
& Garrington 1993). The total flux density in our map
is only about 50% of the source flux density (Kihr et al.
1979). Most of the missing flux density would reside in the
extended structure associated with the northern lobe and
surrounding the jet as seen by Garrington et al.

0033+182, 3C14, quasar : Garrington et al., have
published low resolution VLA maps at 6 and 18 cm. Our
map shows that the weak radio core detected by Garring-
ton et al., has a steep spectrum a=0.7. The bridge emis-
sion and the jet which connects the core to the southern
hotspot as seen in Garrington et al., are not evident in our
higher resolution map. This could account for about 40%
of total flux density missing in our high resolution map.

01344325, 3C48, quasar : Our map barely resolves
the structure of the powerful compact radio source. Pre-
vious maps include the 15 GHz VLA map of van Breugel
et al. (1984), the world array (VLBI) map of Wilkinson
et al. (1991), low resolution VLBI map of Simon et al.
(1990) and 5 GHz MERLIN map (Akujor et al. 1991).
The radio core (see Wilkinson et al. 1991) is associated
with the southern tip of its structure.

0232—-043, 4C—04.06, quasar: This source shows a
triple structure as seen in earlier maps of Hintzen et al.
(1981). The central component (see also Garrington et al.
1991) has a flat spectrum, & = —0.08, and is therefore
the core component. This component also has a slight ex-
tension to the west, which could be part of the bridge
emission or evidence of a jet pointing to the western lobe.
There is also a possible double hotspot structure in the
counter—lobe.

08024102, 3C191, quasar : Previously published
maps of this object include the MERLIN map of
Cawthorne et al. (1986) and the VLA map of Kronberg et
al. (1990). Our new MERLIN map has higher resolution
than Cawthorne et al., map and shows more clearly the
details of the knotty southern jet.
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0850+140, 3C208, gquasar : This source has a
double-lobed asymmetric structure with a weak and com-
pact central component. Our map suggests that the struc-
ture of the eastern component is simpler than is suggested
by the earlier MERLIN map of Cawthorne et al. (1986).
However, a more recent MERLIN map (Roland & Akujor,
private communication) shows that the hotspots in both
lobes are well set back from the outermost edges, and the
core and lobes are associated with surrounding radio emis-
sion. In comparison with single dish flux density, our map
contains only about 50% of the source total flux density
(Kiihr et al. 1979). The missing flux density may reside in
the surrounding emission seen in the Roland and Akujor
map.

09554324, 3C232, quasar: The object shows a slight
extension in P.A. ~ 50°. It has attracted interest because
there is a low luminosity galaxy NGC3067 about 2 arcmin
to the South (Carilli et al. 1989). Compared with a MER-
LIN 408 MHz map (Akujor and Browne, private comm.),
the source has a flat spectrum a ~ 0.2 (see also Perley
1982).

10034350, 3C236, galazy : The giant double radio
galaxy 3C236 has an extended core component with 1 arc-
sec diameter. VLA observations at 4.9, 14.8 and 22.5 GHz
show an elliptical core with a ‘finger’ of emission pointing
towards the northeast lobe (Fomalont et al. 1979). Later
VLB 20 cm maps at 5 mas resolution show three aligned
knots (Schilizzi et al. 1988). The MERLIN map presented
here shows a resolved core rather like that in the previous
VLA maps.

10384064, 4C06.04, quasar: The core-jet structure
seen by Akujor and McGruder (1991) can be recognized in
the slight southwestern extension seen in our map. Burns
et al. (1981) suggest this quasar belongs to a cluster of
galaxies.

10404123, 3C245, guasar: Earlier MERLIN maps
at 408 and 1666 MHz of this superluminal quasar have
been published (Foley & Barthel 1990). Our new map con-
firms the triple structure and one-sided jet in this power-
ful source and also shows that the North—South features
in their map are artifacts possibly caused by the low dec-
lination of the source.

10564432, 3C247, galazy: Our very sensitive map
shows the extended double-lobed structure as seen in VLA
maps (Liu et al. 1992). However, more details of the sub-
structure within the lobes are seen due to much higher
resolution of our map. The radio core seen at 5 GHz by
Liu et al., is not detected in our map, indicating a core
spectral index of < 0.2.

11404222, 3C263.1, galazy: Our map shows a dou-
ble radio structure and a complex hotspot structure in the
southwest lobe. The bright compact hotspot accounts for
10% of the total flux density at 1.6 GHz. The core seen
in 5 GHz VLA maps (Liu et al. 1992; Akujor & Browne,
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in prep.) is not detected in our map, which imples a core
spectral index of < 0.3.

12184336, 3C270.1, quasar: This source has been
classified as a ‘dog-leg’ or bent quasar. Previous maps
have been published (Stocke et al. 1985; Garrington et
al. 1991). Our higher resolution map shows a bright core
with a flux density of 121 mJy. The 5 GHz VLA map
(Stocke et al. 1985) shows a prominent knot close to the
Southern lobe which is likely to be part of a jet to the
South. About 40% of the source flux density (Kiihr et al.
1978) is missing in our map which is likely to be due to a
strong bridge emission which we do not detect.

12414164, 3C275.1, quasar: This is another ‘dog—
leg’ quasar. Previously published maps include those of
Stocke et al. (1985), Garrington et al. (1991) and Liu &
Pooley (1990). The distortion of the nothern component
is thought to be related to an interaction between the
quasar and a companion galaxy close to the Northern lobe
(Hintzen et al. 1981). As for 3C270.1, 40% of the flux is
missing in our high-resolution map.

1253-055, 3C279, quasar: This is the first radio
source in which superluminal motion was detected, with
v ~ 10c (Cohen et al. 1971). It has a double structure at
low frequencies (Browne et al. 1982) and a core—jet struc-
ture at high resolution (de Pater & Perley 1983). Our map
shows clearly the details of the core—jet structure as seen
in the high resolution VLA maps.

12584402, 3C280.1, quasar: Our map shows a
bright compact lobe and a bent prominent jet which ter-
minates without a hotspot. Previously published maps in-
clude those of Swarup et al. (1982) and Garrington et al.
(1991). Our high resolution map contains about 50% of
the flux density given by Kiihr et al. (1979).

1328+304, 3C286, quasar: This source is usually
classified as a compact steep—spectrum source, and pre-
vious VLA maps (Spencer et al. 1991) and a MERLIN
map at 5 GHz (Akujor et al. 1991) have been published.
Our high dynamic range map, however, is the most re-
vealing yet made of this source at high resolution, and
shows a knotty jet and a two-sided structure. The exten-
sion East of the core is also seen in the 408 MHz map
of Saikia (1989). 3C286 has been claimed to show a two—
sided structure on pc-scale (Spencer et al. 1991).

13404603, 3C288.1, quasar: Our map shows a two—
component structure. However, a new VLA 8.4 GHz map
(Akujor & Garrington, in preparation) shows the compact
component to the East to be a knotty jet surrounded by
a weak diffuse emission. At 8.4 GHz a weak radio core is
also detected at the position of the weak central feature
marked in our map.

14094524, 3C295, galazy: This is a very luminous
radio source sometimes classified as a compact steep—
spectrum source. Previous maps at different frequencies
have been published (Akujor et al. 1989; Perley & Taylor
1991). Our map has better sensitivity and higher resolu-
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tion than the earlier 1.6 GHz MERLIN map by Akujor
et al. The main features of the source-the NW lobe with
multiple hotspots and the SE lobe with its extended arc
and a bright hotspot are resolved.

14414521, 3C303, galazy: Our map shows a one—
sided jet structure and details of the western hotspot com-
plex but a recent lower resolution VLA map (Leahy &
Perley 1991) shows that this source has faint but complex
hotspot to the East and a surrounding steep—spectrum co-
coon. The eastern hotspot is not detected due to low sur-
face brightness sensitivity of our map. The VLA map also
shows that the western hotspot whose details are clearly
revealed in our map is well set back from the source edge.

15474213, 3C324, galazy: Our map shows the sim-
ple double structure with a more compact and brighter
eastern component, consistent with the VLA images of
Pedelty et al. (1987). About 40% of the source flux den-
sity measured by Kiihr et al. (1979) is missing in our high
resolution map.

15534201, 3C326.1, galazy: This source is one of the
most distant 3CR radio galaxies at z = 1.825 redshift and
has been suggested to be a proto—galaxy on the basis of
its enormous Ly luminosity (McCarthy et al. 1987). Our
map shows a double-lobed structure consistent with pub-
lished VLA image (McCarthy et al. 1987). The brighter
and more compact hotspot to the West is closely coinci-
dent with the peak of bright emission-line gas.

17094460, 3C352, galazy : A previous 5 GHz VLA
map by Schilizzi et al. (1982) shows a double structure.
At similar resolution (1.2 arcsec) Garrington et al. (1991)
detected a C-shape symmetry in the lobes. Our MERLIN
map shows double hotspot structure in each lobe.

1759+135, 4C13.66, galazy ¢ This compact steep-
spectrum source is one of the objects added to the com-
plete “3C” sample by Laing, Riley & Longair (1983). This
is now the only object in that sample lacking a redshift;
recently Laing (priv. comm.) has obtained an optical spec-
trum at the radio position and discovered faint continuum
emission (my ~ 23) but no definite emission lines. The
object is thus probably a very distant galaxy. The radio
structure is dominated by two resolved components sepa-
rated by 1”11. The very faint emission extending several
arcsec to the NW is confirmed by a 4.9 GHz VLA map
(R. Laing, priv. comm). The unusual structure with faint
emission extending well beyond the compact ‘hotspots’
is shared by some other high-redshift objects, e.g. the
quasar 3C190 (Pearson et al. 1985) and the galaxy 4C41.17
(Chambers et al. 1990).

18074697, 3C371, galazy/BL Lac: Our map of this
source shows a bright core and a one-sided jet extending
out to ~ 3 arcsec from the core. A high dynamic range
VLA map (Wrobel & Lind 1990) shows faint extension
of the jet out to 25 arcsec, and a faint twin-lobes strad-
dling the core—jet structure. Wrobel & Lind interpret the
structure as an edge-brightened double viewed at a large

© European Southern Observatory * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1994A%26AS..105..247A

FT99AAEAS, “105. “Z47A!

250

enough angle that the radio lobes only marginally overlap.
The associated low brightness emission detected by Wro-
bel and Lind could account for about 40% of the source
flux density (Kiihr et al. 1978) missed in our map.
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Table 1. Observational parameters of the sample

IAU 3CR/4C ID z LAS(") LLS(kpc) Date Beam(’’) Comp. S(mJy) o Spk(mIy/b)  Grms(mJIy/d)
00174153 3C9 Q 2.012 13.5 55.2 16/02/82 0.35 Total 786 1.09 145 1.0
Jet 578
NW 208
0033+182 3C14 Q 1.469 26.0 111.3 04/02/89 0.35 Total 958 0.81 147 1.0
S 346
Core 21
N 591
01344325 3C48 Q 0.367 1.6 4.9 14/02/82 0.25 Total 13212 0.59 6846 2.3
0232-043 4C-04.06 Q 1.434 17.5 75.0 19/02/87 0.25 Total 692 173 1.0
w 363
Core 179
E 150
0802+102 3C191 Q 1.954 5.0 20.6 25/01/83 0.25 Total 1175 0.98 262 1.0
N 498
-~ Core 28
Jet 649
0850+140 3C208 Q 1.110 2.4 10.3 12/11/82 0.25 Total 914 0.96 307 2.2
w 52
Core 25
E 837
0955+324 3C232 Q 0.533 0.6 2.2 15/05/88 0.25 Total 893 0.22 894 0.3
10034350 3C236 G 0.099 1.2 1.5 15/05/84 0.25 Total 2778 0.51 1449 0.7
NW 863
SE 1915
10384064 4C06.04 Q 1.270 0.8 3.5 14/05/88 0.25 Total 1292 1292 1.2
10404123 3C245 Q 1.028 5.4 23.0 03/02/87 0.22 Total 2334 0.78 1601 0.4
Core 1635
Jet 699
1056+432 3C247 G 0.749 7.0 28.7 25/01/83 0.25 Total 2660 0.61 503 1.2
NE 952
SW 1709
11404222 3C263.1 G 0.824 5.0 20.7 22/12/88 0.20 Total 2046 0.87 438 0.7
NE 1138
Stotal 903
) SWiobe 516
12184336 3C270.1 Q 1.520 10.8 46.1 16/05/84 0.35 Total 1345 0.75 309 0.8
N 225
Core 121
Jet 969
12414164 3C275.1 Q 0.557 18.2 67.5 05/02/89 0.35 Total 1595 0.96 195 1.2
S 931
Core 181
N 483
1253-055 3C279 Q 0.538 15.0 54.9 20/02/83 0.35 Total 9089 0.02 7989 1.4
Core 7998
Jet 1093
12584402 3C280.1 Q 1.659 4.7 19.9 09/11/82 0.25 Total 523 0.93 103 1.1
w 360
Jet 168
13284304 3C286 Q 0.849 6.1 25.4 15/11/86 0.25 Total 13688 0.24 6807 1.0
Core 13000
W Jet 416
E Jet 271
1340+603 3C288.1 Q 0.961 8.5 36.0 22/11/82 0.25 Total 1074 0.84 326 0.5
E 294
w 779
14094524 3C295 G 0.461 4.7 16.1 15/03/89 0.15 Total 19454 0.63 2906 1.6
NW 9312
SE 10142
14414521 3C303 G 0.141 47.0 76.4 14/11/82 0.35 Total 1669 0.76 1037 0.5
Core 1037
Jet 14
Lobe 618
15474213 3C324 G 1.207 17.3 74.5 30/04/84 0.25 Total 1226 0.86 258 0.7
SW 304
NE 922
15534201 3C326.1 G 1.820 7.6 31.7 18/01/87 0.25 Total 1781 0.15 1029 0.3
E 375
w 1406
17094460 3C352 G 0.806 13.5 55.6 05/02/89 0.35 Total 1361 0.88 181 0.7
N 927
S 434
17594135 4C13.66 G? - 2.3 - 21/10/86 0.25 Total 1281 1.2 742 0.5
NW 26
N 143
S 1120
18074697 3C371 BL 0.051 5.8 3.9 22/05/86 0.25 Total 1401 0.30 1171 0.2
Core 1220
Jet 838
SW 93
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