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ABSTRACT

We have obtained images of 267 3CR radio galaxies and quasars by conducting a snapshot survey
with HST’s WFPC2 through a broadband red (F702W) filter. This is the first in a series of papers
resulting from this survey, describing and presenting the basic data. Here we focus on the 77 radio gal-
axies within the redshift range 0.1 < z < 0.5 (91% of the total number of 3CR radio galaxies within this
redshift range). The images show that on the 071 scale of the HST observations there is a wide variety of
structure in radio galaxy morphology. At least 30% of the galaxies show dust, either well-defined dust
lanes or chaotically distributed throughout the galaxy. We find disturbed morphologies, such as multiple
nuclei and tails of emission, that could indicate merging systems. There is an obvious optical synchro-
tron jet in 3C 346, and another eight jet candidates are present.

Subject headings: galaxies: interactions — galaxies: jets — galaxies: structure —

radio continuum: galaxies — surveys

1. INTRODUCTION

Powerful radio emission from galaxies is one of the most
astrophysically interesting and important phenomena. The
extreme transparency of the “radio universe” allows us to
find galaxies across a wide range of redshifts, and thereby
we can study the evolution and structure of radio galaxies.
We may both use these objects as unique probes of their
environment and investigate the energetic active galactic
nuclei (AGN) phenomenon itself. The high spatial
resolution and sensitivity of HST imaging observations
offer an attractive route to tackle such problems as the
following: (1) what are the frequency and characteristics of
optical jets; (2) do optical continuum and radio structure
align and is there detailed morphological correspondence;
(3) how common are dust lanes and nuclear dust disks and
what is their orientation and morphology; (4) is there evi-
dence for merging, such as nuclear cusps or tidal tails; (5)
are there differences in host galaxies of FR-I and FR-II
sources; (6) what are the core profiles in nearby radio-loud
galaxies; (7) what are the galaxy morphologies for redshifts
in excess of one; (8) what are the morphologies of quasar
hosts.

For the above reasons we undertook a snapshot survey of
the 3CR radio sources using the Wide Field Planetary
Camera 2 (WFPC2) during cycle 4. The “snapshot” mode
of HST is designed to optimize scheduling efficiencies and is
well suited for observing of representative samples of
objects.

By basing the survey on the 3CR catalog we have the
opportunity to investigate radio galaxies over a wide range
in redshift (0 < z < 2.5) and radio luminosity (10*! — 10*¢
ergs s~ !). An extensive suite of complementary ground- and
space-based observations exist for the 3CR sample.
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MD 21218.

2 Leiden Observatory, P.O. Box 9513, NL-2300 RA Leiden, The
Netherlands.
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At z > 0.6 the UV continua of powerful radio galaxies are
closely aligned with their radio sources (McCarthy, van
Breugel, & Spinrad 1987; Chambers, Miley, & van Breugel
1987). The orientations at lower redshift and lower radio
luminosity have been studied in detail with claims of both
minor and major axis alignments with respect to the radio
lobes. The HST snapshot sample offers an opportunity to
look at the alignment effect at high resolution, in the inter-
esting “transition ” redshift range from z < 0.1 outto z > 1,
where the effect becomes important.

We know from ground-based observations that the most
luminous radio galaxies at high redshifts have disturbed
morphologies (e.g., Heckman, van Breugel, & Miley 1986),
and at the highest redshifts the optical continuum is highly
elongated and rather irregular (McCarthy et al. 1987;
Chambers et al. 1987). The higher angular resolution of
HST may give clues as to whether these peculiarities orig-
inate in collisions and the merging of galaxies.

At low redshifts, dust and gas in active galaxies are very
common, and gas disks seem to play a fundamental role in
the triggering of a radio source (e.g., Kotanyi & Ekers 1979;
Baum & Heckman 1989; Baum, Heckman, & van Breugel
1992). With HST it is possible to investigate dust out to a
substantial redshift. For example, in the observations
described here, there is clear evidence of dust and dust lanes
out to a redshift of z ~ 0.5.

Optical synchrotron jets, if present, can be seen in HST
images (e.g., Crane et al. 1993; Sparks, Biretta, & Macchetto
1994; Sparks et al. 1995). Because of the extremely short
lifetimes of energetic particles responsible for optical syn-
chrotron emission (100-1000 yr for MS87; see Owen,
Hardee, & Bignell 1980; Biretta, Stern, & Harris 1991;
Meisenheimer 1991) we can pin down the acceleration sites
and perhaps determine the internal jet structure. We may
also investigate the relationship between dust and gas disks
and the propagation of jets, both optical and radio.

As of 1995 August 30, we observed 267 sources in a red-
shift range from 0.0031 (3C 272.1) to 2.474 (3C 257). In cycle
5 we will be observing 100 3CR sources under a separate
WFPC2 program using narrowband observations to
produce images in optical line emission. A VLA snapshot
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F1G. 4—Most important line contaminations for the F702W filter for

the redshift range 0.1 < z < 0.5.

FiG. 1—Redshift distribution for the radio galaxies presented here

low (0 < z < 0.1) redshifts, radio galaxies at intermediate
(0.1 < z < 0.5) redshifts, radio galaxies at high (z > 0.5) red-
shifts, and quasars. Companion papers present the WFPC2
snapshot images of the 3C radio galaxies in the redshift
range 0 < z < 0.1 (Baum et al. 1996) and z > 0.5 (McCarthy
et al.). Future papers will discuss the statistical analysis, and

In this paper we describe the sample selection, observ-
ations, and data reduction for the intermediate-redshift
subset.

will address specific topics such as dust, compact steep-
spectrum sources, optical jets, and the alignment effect.

2. SAMPLE SELECTION

As a basis for the HST snapshot program, we use the
revised 3CR as defined by Bennett (1962a, 1962b):
S(178) > 9 Jy and 6 > —5, with the additional constraint
that b > 10°. All sources have been identified optically, and
redshifts have been measured for all but two sources
(Spinrad et al. 1985; Djorgovski et al. 1988). The complete-
ness properties of the 3CR are discussed by Laing, Riley, &
Longair (1985). However, several targets were excluded
from the snapshot sample because of duplications with

For the purpose of presentation and analysis we have

survey has been undertaken using the A array to produce
radio images at comparable resolution to our optical data
for those sources for which such data were not available.

divided the total sample into four subsets: radio galaxies at

log(P178)

The redshift, radio power, and radio linear size distribu-

tions are shown in Figures 1, 2, and 3 for this sample,
respectively. For references to the sources of this informa-

listed in Table 1. The 3CR contains 85 sources in that red-
tion see Table 2.

because of scheduling practicalities. In total, during cycle 4

The intermediate-redshift galaxies discussed here com-
prise 77 radio galaxies with 0.1 < z < 0.5. The sources are
shift range; hence, the observations are 91% complete.

other HST programs, and several more were not observed
we observed 267 3CR sources.

3. OPTICAL IMAGING

3.1. Observations
summarizes the observations.

Typically we

obtained short, 2-5 minutes, fine lock guided images taken
with the Planetary Camera (PC) relay of the WFPC2. The
PC utilizes an 800 x 800 pixel Loral CCD as detector, with
pixel size 070455 (Burrows et al. 1995; Trauger et al. 1994).
The expected tracking accuracy for fine lock guidance is ~ 3

Table 1

F1G. 2.—Radio power (at 178 MHz) distribution for the radio galaxies

(kpe)

adio source

Largest linear size r

Fic. 3—Radio largest linear size distribution for the radio galaxies

presented here.

mas rms. The broadband F702W filter, close to Cousins R,
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FIG. 5—(Left) 3C 17,z = 0.2197. (Right) Contour levels: 2, 3,4, 5, 6, 8, 10, 15, 20, 40, 60, 80, 100, 200, 400 x 1.866 x 10~ 1% ergss~!cm 2 A ! pixel 1.

is used throughout. This filter was chosen to give maximum
sensitivity while recognizing that it would often include
contributions from both line and continuum emission. We
regarded this to be the optimum filter for finding interesting
structures which could later be followed up in detail.

In the redshift range considered here the image may
include a contribution from emission-line gas from [S 1],
He, [N 1], [O ], and Hp, as shown in Figure 4.

3.2. Data Processing

We used the calibrated data produced by the STScI
reduction pipeline. For the WFPC2 the pipeline performs
six actions: it makes a “bad-pixel map” (this identifies
known static defects in the instrument), corrects the value of
each pixel for the analog-to-digital conversion error, sub-
tracts the bias level, performs a dark correction, performs
the flat-field correction, and determines the absolute sensi-
tivity (Baum et al. 1994). Subsequent reductions were
carried out using the NOAO Image Reduction and Analysis
Facility (IRAF) software package and the Space Telescope
Science Data Analysis System (STSDAS).

A limitation of WFPC2 images is caused by defects due

to the impact of cosmic rays on the detections. For about
half the objects we obtained two exposures per object,
making the cosmic-ray removal easier. The IRAF task
“stsdas.crrej” was used to remove the cosmic rays by com-
paring and combining the different images. This task is
designed to take multiple exposures of a given field and
combine the images while rejecting very high counts in each
pixel stack. Cosmic rays are selected in an iterative process
as those pixels with values greater than N x ¢ [where N
and o are specified user parameters; we used N =4, ¢ =
(5, 5, 4, 3)]. These pixels are considered bad and are not used
in the creation of the output, cosmic-ray—free image. This
rejection process is iterative to allow the solution to achieve
equilibrium slowly and allow for propagation of informa-
tion about rejected pixels into adjacent pixels.

For the remaining objects we obtained only one expo-
sure. For these images the cosmic rays were removed using
the IRAF task “cosmicrays.” This task detects cosmic-ray
events in the input image and replaces them by the average
number of counts in the four neighboring pixels. For these
images it was sometimes necessary to remove missed cosmic
rays manually, using the “imedit ” IRAF task to replace the
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FIG. 6—(Left) 3C 19, z = 0.482. (Right) Contour levels: 2, 3,4, 5, 6, 8, 10, 15, 20, 40, 60 x 1.866 x 10 8 ergss ' cm 2 A~ ! pixel L.
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FiG. 7—(Left) 3C 20, z = 0.174. (Right) Contour levels: (Bottom) 3, 4, 5, 6, 8, 10, 15, 20, 40, 60 x 1.866 x 10”18 ergs s~ ! cm > A~ ! pixel L. (Bottom) The

arrow indicates the position of the optical hotspot.

bad pixel by the average of the surrounding pixels.
Although this generally worked well, occasionally residual
cosmic-ray defects remained.

We precessed the image coordinate frames to equinox
B1950 to facilitate comparison with radio data from the
literature. The identification of the object was not always
straightforward. Low-resolution optical images of the radio
galaxy were sometimes used to identify the source. An
approximate coordinate frame for the WFPC2 images is
provided by image header information. Uncertainties of
order ~1” are present (Burrows et al. 1995). The coordi-

nates of the emission peak of the radio galaxies as measured
on the PC are given in Table 3.

3.3. Analysis

The data were flux-calibrated using a value for the
F702W inverse sensitivity of 1.866 x 10~ '® ergs™! cm~?
A-tdn? (“dn” represents data numbers). For the purpose
of presentation all images were rotated so that north points
up and east to the left. Nonrotated images (which have less
smoothing) were used for measurement purposes.

The magnitude, m, and average surface magnitude, p, not
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corrected for Galactic reddening, were determined, interior
to an absolute surface brightness level of
8.0 x 1072% x (1 + z)~* ergs~ ! cm ™2 pixel ~'. The magni-
tude is given by the expression

m= —2.51log,, F + M(0),

where F is the measured flux and M(0) = —21.1, the zero
point for the HST magnitude scale, normalized to Vega.
The surface brightness, p, in units of mag arcsec™? is given
by

u= —2.5log;, (S) + M(0),

where S is the measured surface brightness. In addition,
magnitudes and surface magnitudes inside 15 kpc and 1 kpc
radii were determined (m, 5, m,, y, 5, and yu,, respectively).

The total error in the flux for the objects considered here
is dominated by the uncertainty in the determination of the
magnitude zero point M(0). M(0) is accurate to within 2%
(Burrows et al. 1995). In addition, the photometry was done
without correcting for the problem of the charge transfer
efficiency of the Loral CCD. This will incorporate an extra
error in flux up to 4% (Holtzman et al. 1995).

We measured the position angle on the sky of the largest

-4 -2 0 2 4

extensions of the emission regions at a surface brightness
level of 8.0 x 1072% x (1 + z)~* ergs™! cm ™2 pixel "' inte-
grated over the F702W passband. The objects have suffi-
ciently complex morphologies that, in many cases, the
position angle is not particularly well defined. The uncer-
tainty in the position angle measurements may be as large
as ~10°-15°. We determined the ellipticities and largest
angular size at the same surface brightness level. These
values were determined manually because of the complexity
of the objects. For example, some objects show extreme
“lumpiness” in their emission (e.g., 3C 299, 3C 79). Some-
times it was not possible to determine the values for the
ellipticity and position angle. The errors in ellipticity are
less than 0.08, and the errors in largest angular size are less
than 072.

The results of the measurements of magnitudes, position
angles, ellipticities, and largest angular sizes are sum-
marized in Table 3.

4. INDIVIDUAL SOURCE DESCRIPTIONS

Gray-scale HST WFPC2 images and contour plots of
radio galaxies with 0.1 < z < 0.5 are shown in Figures 5-83.

T T T T T T T T T

T T T T

e e LA P ~u

+54%127 48"

r o

[ AR
sB51™11%40 1t20 11%0 1880 10%60

1G. 28—(Left ,z=0. . (Right) Contour levels: 2, 3,4, 5, 6, 8, 10, 15,20, 40 x 1. x 10" *®ergss” "cm™ “ A" pixel .
FiG. 28 3C171 0.2384. (Right) C levels: 2,3,4,5,6,8,10, 15,20,40 x 1.866 x 10 '8 ergss ! zAlp' 11
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HST SNAPSHOT SURVEY OF 3CR RADIO SOURCES. I 635

TABLE 1 The numbers on both horizontal and vertical axes of the
OBSERVATION LOG: RADIO GALAXIES WITH 0.1 <z < 0.5 gray-scale images refer to distance in arcseconds. All image
intensity levels are plotted logarithmically except for 3C 258
3CR Date T N . .
) 2 3 @ and 3C 274.1, for which they are plotted linearly. The arrow
in the upper right corner of the figures indicates the direc-
};'g """""""""""""""" %ggj gﬁtllso %gg % tion of the radio source axis from the literature. For images
20.0 e 1995 Feb20 300 1 not showing this arrow, no value for the radio source axis
280 e 1994 Oct 17 280 2 was found in the literature. A contour map of each object is
330 e 1995 Feb 13 300 1 1 h
0. 1995 Jan 16 300 1 also shown. . . . .
46.0 . uieeneeiiiiieeeeiiie e 1995 Feb 13 300 1 3C 17, z=0.2197—This galaxy is a broad-line radio
52.0 i 1994 Aug 29 280 2 galaxy. A VLA map shows three knots, one of which is
611 i 1995 May 01 300 1 s h X .
63.0 1o 1994 Oct17 280 2 identified as the core (Morganti, Killeen, & Tadhunter
67.0 e 1994 Aug 15 280 2 1993). The HST image shows a slightly elongated elliptical
;g'g """""""""""""""" iggi %irzlf %gg % compact nucleus making a ~75° angle with the radio axis.
931 e 1994Sep 12 300 1 3C 19,z = 0.482.—The HST image shows some emission
%83-8 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ }ggi JF6P1%6 228 411 extending in the northwest direction from the nucleus
1230 I 190 Dee 19 300 1 ending in a patch. The radio axis is directed almost perpen-
1320 oo, 1994 Dec 19 140 1 dicular to the optical emission. There is also a feature that is
1330 coeiii 1994 Mar 07 300 1 : : :
1350 .. 1994 Sep 19 280 2 a candidate for an optical jet. .
153.0 ... 1994 May 02 280 2 3C 20, z = 0.174—This galaxy has a known optical hot
165.0 weoveneeieeieeieeieeens 1994 Feb 21 300 1 spot found by Hiltner et al. (1994). We indicated the posi-
%g?'g """""""""""""""" %ggj ﬁ‘ifr 1097 288 % tion of the hot spot with an arrow in the figure. The radio
1731 oo 1994 Apr25 300 1 map shows a slightly elongated core in position angle 101°.
iggil) ------------------------------ iggj ISVIayO(S)2 ggg ; Our image shows a bar of emission in the same direction,
1960 I 1004 Fep 14 280 2 and so we consider this to be a candidate for an optical jet.
197.1 coieiiiieeie e, 1994 Apr 25 280 2 3C 28, z = 0.1952.—This elliptical galaxy is part of an
%‘1)(31(1’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ iggi g\é’r 1195 ggg } X-ray cluster, Abell 115 (Feretti et al. 1984). The galaxy
2100 I (o0aFeb 14 280 2 hosts a narrow-angle-tail radio source (Gregorini & Bondi
2230 i 1994 Apr25 280 2 1989).

%gi(l) .............................. iggi gpr 18 280 2 3C 33.1, z=0.181.—The HST image suggests that the
0 e ec 26 280 2 t .
QA4 1994 Apr 15 300 1 galaxy is a member of a small group. There are faint,
2580 i 1994 Apl‘ 25 300 1 compact patches Of emission around the galaxy nucleus’ a

2682 .o 1995 May 12 300 1 . h

2683 1994 Oct 10 300 1 suggestion of dust lane features to the northwest and a

2740 o 1995 May 10 300 1 narrow extension to the east.

275.0 o 1994 Mar 07 300 1 = — This i ; ;

2770 L 1994 Apr25 300 1 3C 42, z = 0.395.—This is a candidate for an optical hot

284.0 L 1994 Aug 15 280 2 spot; a patch of emission southeast of the galaxy coincides

2871 i 1994 Apr 04 280 2 with the radio emission (Leahy et al. 1991).

ggg'g """""""""""""""" iggg ‘1'\\4‘;{),385 ggg % 3C 46, z =0.4373.—The galaxy appears to be partly

300.0 .eeneeeeeeee e 1995 Jan 10 140 1 obscured by dust. The radio emission is extended perpen-

ggg-(l) ------------------------------ %ggj 11:140\’ %g %gg % dicular to the possible dust lane (Gregorinni et al. 1988).

A ar sl :

3061 Lo 1994 Apr2s 300 1 3C 52, z = 0.2854—This image shows a galaxy with a

3130 ciiiieeeee e 1995 Jan 16 300 1 dust disk. The radio image is X-shaped (Leahy & Williams

g}g.(l) .............................. iggi gzcv 1298 %gg % 1984).

3190 .o, 1994 Apri15 280 2 3C61.1, z = 0.186.—The optical image is highly complex

3200 oiiiiiiee e 1995 Feb 06 280 2 with structures including tails of emission emerging from

g%;(l) """""""""""""""" %ggj ﬁﬁ; 112 ggg % the nucleus to the south and east. There is no obvious corre-

3320 e 1995 Apr29 280 2 lation between optical and radio emission features (Leahy

3410 oo 1994 Mar 28 300 1 & Per]ey 1991) The galaxy is one of four galaxies in a

3460 oo 1994 Aug 01 280 2

348.0 e 1994 May 09 280 2 group. . .

349.0 oiiiiie e 1994 Sep 19 300 1 3C 63, z = 0.175—This galaxy is known to have strong

3570 oo 1995 Jan 23 280 2 emission lines (Spinrad et al. 1985).

3790 o 1994 Feb 07 280 2

3810 oo 1995 Feb 06 280 2 3C 67, z=0.3102—The galaxy appears to have two

401.0 .evnneiiiie e 1994 Sep 05 300 1 arclike arms of emission bending to the north and to the

?1%(1)'8 """"""""""""""" %33‘5‘ JM“2y284 ggg % south. In one arm there are separate distinguishable

W40 1994 Sep 05 280 2 patches. The optical emission is extended in the same direc-

jgig .............................. iggi ﬁpr 2269 %(8)8 % tion as the radio axis.

3SALIIIIII 99 0ct2s 300 1 3C 79, z=02559.—This is a very complex object, con-

436.0 ceiinieiiiii e 1994 Sep 19 280 2 sisting of four patches of different sizes. The radio axis is

438.0 (i 1994 Dec 12 300 1 aligned with the optical axis to within 15°. 3C 79 is a broad-

456.0 .o 1994 Aug 22 300 1 . . . . .

4500 L 1994 Oct 10 280 2 line radio galaxy (Lilly & Longair 1984). The object has

460.0 ceeenieiiiiie e 1994 Jul 18 300 1 been classified as an N-type galaxy (Kristian, Sandage, &
Notes—Col. (1) = 3CR number; col. (2) = observation date; Katem 1974)‘ The image shows no C.Ompa‘Ct nucleus. .

col. (3) = total integration time per object; col. (4) = number of 3C 89, z=10.1386.—The HST image shows a diffuse,

subexposures. elliptical source with indications of substructure. This
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FiG. 33—(Left) 3C 197.1, z = 0.1301. (Right) Contour levels: 1, 2, 3,4, 5, 6, 8, 10, 15, 20,40, 60 x 1.866 x 10 8ergss ' cm 2A ™! pixel 1.

galaxy hosts a narrow-angle—tail radio source (Baum et al.
1988).

3C 931, z=0.244—The image shows an elliptical
nucleus with a faint extension to the west coinciding with
the radio emission (Akujor et al. 1991). This object has
strong emission lines.

3C 103, z = 0.3306.—There is a cosmic ray very near to
the galaxy nucleus. The elongated galaxy nucleus shows no
obvious connection with radio emission (Pooley et al. 1987).

3C 109, z = 0.3056.—The image of this N galaxy shows
some filamentary emission around the compact nucleus in
northeast direction. This radio galaxy is an isolated, broad-
line radio galaxy (Grandi & Osterbrock 1978). We have not
yet attempted point-spread function (PSF) subtraction.

3C 123,z = 0.218.—The image shows a diffuse source.

3C 132, z=0214—The image shows an elliptical
nucleus with some structure.

3C 133, z=0.2779—The image shows an elliptical
nucleus with some faint emission extending to the east in
the direction of the radio source. This faint emission is a

-1 0 1

FiG. 34—(Left) 3C 200, z = 0.458. (Right) Contour levels: 4, 6, 8, 10, 15, 20, 40, 60, 80, 100 x 1.866 x 10~ '8 ergss ' cm™2A~! pixel .

candidate for an optical jet.

3C 135, z=10.1273—This N galaxy is a member of a
close pair, companion to the southwest. There is elongated
fine structure with the same orientation. The system lies in a
rich cluster of galaxies (McCarthy, Spinrad, & van Breugel
1995).

3C 153, z=0.2769—The image shows an elliptical
nucleus (less than 1 kpc). This galaxy has strong emission
lines.

3C 165, z = 0.2957.—The image shows a nucleus that is
elongated and shows some structure. The WFPC2 image
shows that the radio galaxy is part of a cluster of galaxies.

3C 166, z = 0.245—The elliptical nucleus shows some
extended emission to the north and south. The radio source
(Leahy & Williams 1984) lies along the extended emission.

3C 171, z = 0.2384.—There is extensive emission-line gas
Heckman, van Breugel, & Miley 1984) around this broad-
line radio galaxy (Lilly & Longair 1984). The nucleus is
resolved sufficiently enough to see that it comprises several
parts. The radio image shows an elongated, small bright
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PROPERTIES: RADIO GALAXIES WITH 0.1 < z < 0.5

TABLE 2

S(178) LAS

3CR z Jy) log,, P o (arcsec) P.A. FR EM References

(6] () 3 @ ®) (6) U] ®) ) (10)
170....... 0.2197 20 27.31 0.52 30 147 I SE 3
190....... 0.482 12.1 27.81 0.6 6 29 I 14,3
200....... 0.174° 429 2743 0.67 51 101® I 8,3
28.0....... 0.1952 16.3 27.11 1.06 30 166 I E 2,3
331....... 0.181 13 26.95 0.62 216 45 I 2,3
420....... 0.395 12 27.62 0.73 28 132 I SE 9,3
460 ....... 0.4373 10.2 27.65 1.13 163 68 I SE 2,3
520....... 0.2854 13.5 27.37 0.62 51 20 I 2,3
61.1....... 0.186 31.2 27.35 0.77 186 22 I 9,3
630....... 0.175 19.2 27.08 0.79 22 34 I SE 2,3
670....... 0.3102 10 27.32 0.58 2 174 I 2,3
790....... 0.2559 30.5 27.63 0.92 86 105 I SE 2,3
890....... 0.1386 20.2 26.90 0.96 60 121 I ABS 2,5
931....... 0.244 9.9 27.10 0.7 0.3 - I SE 3
1030...... 0.33 26.6 27.80 0.79 ... 159 ... SE 2
1090...... 0.3056 21.6 27.64 0.85 96 143 I SE 2,3
1230...... 0.218 189 28.28 0.7 23 115 I E 2,3
1320...... 0.214 13.7 27.12 0.68 23 1302 I E 14,3
1330...... 0.2775 22.3 27.57 0.7 12 107 I SE 14,3
1350...... 0.1273 17.3 26.75 0.92 130 I SE 6
1530...... 0.2769 15.3 27.40 0.66 7 50 I SE 2,3
1650...... 0.2957° 13.5 2741 0.71 159 WE 2
1660...... 0.245 14.7 27.27 0.9 180 2
1710...... 0.2384 19.5 27.37 0.87 30 100 I SE 2,3
173.1...... 0.292 154 2745 0.88 58 17 I ABS 9,3
1800...... 0.22 15.1 27.19 0.84 SE 2
184.1...... 0.1182 13 26.56 0.68 167 1572 I SE 2,3
196.1...... 0.198 18.6 27.18 1.16 4 43 I SE 2,3
197.1...... 0.1301 8.1 26.44 0.69 14 2 I ABS 6,3
2000...... 0.458 11.3 27.73 0.84 17 159 I WE 2,3
213.1...... 0.194 6.6 26.71 0.55 43 162 I SE 10, 3
219.0...... 0.1744 41.2 2741 0.81 184 40 I SE 2,3
2230...... 0.1368 14.7 26.75 0.74 300 164 I SE 2,3
223.1...... 0.1075 6 26.14 0.56 117 152 I SE 2,3
2340...... 0.1848 314 27.35 0.86 110 642 I SE 2,3
244.1...... 0.428 20.3 27.92 0.82 52 1682 I SE 2,3
2580...... 0.165 9.7 26.73 13 3 31 I E 11,3
268.2...... 0.362 9.7 2745 1.0 96 212 ... SE 2
268.3...... 0.371 10.7 27.51 0.5 1 161 I SE 2,3
274.1...... 0.422 16.5 27.82 0.87 152 76* I 2
2750...... 0.480 14.5 27.89 0.68 5 51 I 2,3
2770...... 0.414 7.5 27.46 0.89 140 75 I 2,3
284.0...... 0.2394 11.3 27.14 0.95 176 101® I SE 2,3
287.1...... 0.2159 8.2 26.90 0.52 112 912 I SE 2,3
288.0...... 0.246 18.9 27.39 0.85 16 146 I WE 2,3
299.0...... 0.367 11.8 27.55 0.65 12 11 I SE 2,10
300.0...... 0.27 17.9 2745 0.75 96 130 I 2,3
303.0...... 0.141 11.2 26.66 0.76 38 97 I 2,3
303.1...... 0.267 8.1 27.09 0.77 2 132 I SE 2,3
306.1...... 0.441 13.5 27.78 0.9 93 180 I SE 2,3
313.0...... 0.461 20.6 28.00 0.82 131 592 I SE 2,3
314.1...... 0.1197 10.6 26.49 095 144 WE 9
315.0...... 0.1083 17.8 26.62 0.72 112 I SE 12
319.0...... 0.192 15.3 27.07 0.9 93 492 I WE 12,3
3200...... 0.342 9.1 27.37 0.75 18 77 I ABS 2,3
3270...... 0.1039 353 26.88 0.61 169 100 I SE 2,3
327.1...... 0.4628 23.6 28.06 0.81 17 115 I SE 2,3
3320...... 0.1515 9.6 26.65 0.61 81 20? I SE 13,3
341.0...... 0.448 10.8 27.69 0.85 71 50 I SE 2
346.0...... 0.161 109 26.76 0.52 13 71 I WE 2,3
3480...... 0.154 351 28.23 1. 191 101 I E 15
349.0...... 0.205 13.3 27.07 0.74 82 142 I SE 2,3
357.0...... 0.1664 9.7 26.74 0.57 81 1112 I WE 2,3
379.1...... 0.256 74 27.01 0.68 76 1612 I SE 2,3
381.0...... 0.1605 16.6 26.94 0.81 69 42 I SE 2,3
401.0...... 0.201 20.9 27.25 0.71 19 24 I 2,3
4100...... 0.2485 34.6 27.66 0.56 13 129 I 2,3
411.0...... 0.467 16.5 27.92 0.79 22 108 I SE 2,3
4240...... 0.127 14.6 26.68 0.85 33 156 I WE 6
4330...... 0.1016 56.2 27.06 0.75 58 172 I SE 2,6
4340...... 0.322 4.8 27.04 0.61 12 78 I WE 2,3
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TABLE 2—Continued

S(178) LAS
3CR z Jy) log,, P o (arcsec) PA. FR EM References

) @ 0 @ o © o ® o (10)
435A...... 0471 11.6 2771 0.87 14 31 I 2,7
4360 ...... 0.2145 17.8 2723 0.86 105 e I SE 3
4380 ...... 0.29 44.7 2791 0.88 19 136 I WE 2,3
456.0 ...... 0.233 10.6 27.08 0.69 e e I SE e
4590 ...... 0.2199 25.6 2742 0.74 8 94 I E 2,3
4600 ...... 0.268 82 27.10 0.8 6 36 I e 2

Note—Col. (1) = 3CR number; col. (2) = redshift; col. (3) = radio flux at 178 MHz; col. (4) = log radio
power at 178 MHzin W Hz !; col. (5) = radio spectral index; col. (6) = radio source largest angular size; col.
(7) = radio structure position angle; col. (8) = Fanaroff-Riley type; col. (9) = emission lines; col.
(10) = references. Data taken from the literature. Cols. (2), (3), (4), (6), and (9) are taken from Spinrad et al.

1985; cols. (7) and (8) from references in col. (10).

2 Large-scale P.A.
b Lawrence et al. 1986.
¢ Pooley et al. 1987.

REFERENCES.—(1) Spinrad et al. 1985; (2) McCarthy et al. 1995; (3) McCarthy, van Breugel, & Kapahi
1991; (5) Baum et al. 1988; (6) Black et al. 1992; (7) McCarthy et al. 1989; (8) Hiltner et al. 1994; (9) Leahy &
Perley 1991; (10) Spencer et al. 1989; (11) Akujor et al. 1991; (12) Leahy & Williams 1984; (13) Antonucci
1985; (14) Jenkins, Pooley, & Riley 1977; (15) Dreher & Feigelson 1984.

FiG. 36—(Left) 3C 219, z = 0.1744. (Right) Contour levels: 1,2, 3,4, 5, 6, 8, 10, 15, 20, 40, 60, 80, 100, 200 x 1.866 x 10 '8 ergss~ ! cm ™2 A~ ! pixel .
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Fic. 37—(Left) 3C 223, z = 0.1368. (Right) Contour levels: 1,2, 3,4, 5, 6,8, 10, 15,20,40 x 1.866 x 10 8 ergss~ ! cm ™2 A~ ! pixel .

— T T EU LI oo o S S S B L E B B S B B L N B R
28 |
PPTI ISR NN S T
0 e
20" |
s 18"
-6 F. R :
B o O 1
+39°58° 16" - .
4
b v ey e Ty e S T T WS TN U8 Y00 VA T S S T T W S AT 0T N N T S LA T W
983318288 18%60 18%40 13%20 1800 1780

-5 0 5
F

a

. 38—(Left) 3C 223.1, z = 0.1075. (Right) Contour levels: 1,2, 3,4, 5, 6, 8, 10, 15,20, 40 x 1.866 x 10 '8 ergss~ ! cm 2 A~ ! pixel 1.
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FiG. 39.—(Left) 3C 234, z = 0.1848. (Right) Contour levels: 2, 3,4, 6, 8, 10, 15, 20,40, 60 x 1.866 x 10 8 ergss ' cm 2 A~ ! pixel L.
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F1G. 40.—(Left) 3C 244.1, z = 0.428. (Right) Contour levels:

field.
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FiG. 42—(Left) 3C 268.2, z = 0.362. (Right) Contour levels: 1.5,2, 3,4, 5,6, 8, 10,20 x 1.866 x 10~ ®ergss™ ! cm 2 A~ pixel 1.
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FiG. 44—(Left) 3C 274.1, z = 0.422. (Right) Contour levels: 2, 3,4, 5, 6, 8, 10,20 x 1.866 x 10~ *8ergss ' cm™2A ! pixel 1.
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TABLE 3
HST, WFPC2, F702W PROPERTIES: RADIO GALAXIES WITH 0.1 <z < 0.5
RA. Decl. m u m, Uy mis His LAS PA. e Comment
@ 3 @ O] © ™ ®) ) (10 a1y @y (13)
0:35:47.3 —2:24:10 188  19.19 2262 2147 1795  22.68 1.9 42 022  Compact nucleus
0:38:13.8 32:53:40 211 21.04 2402 2192 1917 2294 13 136 020  Tail, jet?
0:40:20.1 51:47:11 205 1991 2079 2001 1972 2481 12 130 0.28  Jet?
0:53:09.1 26:08:23 203 2007 2094 1997 1850 2341 1.9 155 0.39  Diffuse source
1:06:06.7 72:55:59 204 1933 2041 1956 1843 2346 0.9 63 0.26
1:25:42.8 28:47:30 208 2064 21.88 1998 1890  22.88 1.6 153 047  Hot spot?
1:32:34.2 37:38:46 201 2049 2387 2186 19.16 23.03 2.8 177 0.57  Dust disk
1:45:14.7 53:17:33 198 2020 2122  19.70 1.8 20 0.36  Dust disk
2:10:37.4 86:05:18 212 1978  21.09  20.19 - - 0.7 165 0.18  Tails
2:18:21.9 —2:10:32 188 1940 1933 1854  17.65 2273 1.7 79 0.26
2:21:18.1 27:36:38 197 1942 2009 1847 19.01 2327 14 175 04 Tails, dust
3:07:11.3 16:54:40  18.6  19.64 2135 1998 1776 2227 52 71 4 components
3:31:434 —1:21:30 187 1994 2047 2006 1691 2238 34 133 0.15  Diffuse source
3:45:35.6 33:44:08 203 1976 2072 1943  19.02  23.60 13 132 0.22
4:04:34.7 42:52:36 202 1921 2047 1877 2110 2529 13 34 0.51
4:10:54.9 11:04:41 175 1823 1777 1617 1745 21.73 3.1 59 0.12  Comp. nucleus, tails
4:33:55.3 29:34:12 228 2026 2254 2141 2054 2529 0.6 90 0.32  Diffuse source
4:53:42.3 22:44:43 203  19.77 2084 1974 1897  23.75 1.5 7 0.25  Diffuse source
4:59:54.3 25:12:14  21.6 1938 2158  20.10 Ve ... 1.0 87 045  Jet?
5:11:335 0:53:08 18.5 19.45 19.03 18.77 1643  22.04 2.0 141 0.19  Comp. nucleus, tails
6:05:44.5 48:04:50 200 2003 2273 2125 19.07 2347 1.5 e .
6:40:04.5 23:22:04 206 2045 2299 2143 1837  22.69 14 8 0.29
6:42:24.7 21:25:03  21.1 19.63 2119 19.88 2013 2470 0.9 108 0.17  Tails?
6:51:11.0 54:12:52 198  19.68 2039 19.12 1842  23.03 14 66 0.11  Dust, tails, jet?
7:02:48.1 74:54:17 192 2000 20.55  19.01 18.52 2286 2.0 8 023  Dust disk
7:24:33.4 —1:58:25 196 1991 2076  19.61 1839  23.12 20 28 041  Dust, tails
7:34:25.0 80:33:26 185 19.19 1880 1867 17.12 2287 1.7 40 0.18  Faint tail
8:12:56.9 —2:59:10 195 2014 2169 2070 17.53 2242 13 3 clumps, dust?, jet?
8:18:00.9 47:12:12 185 1934 19.02 1872 1776  23.34 1.8 ... ..t
8:24:21.4 29:28:41 201 2045 2161 1955 19.82  23.65 25 150 036  Jet?
8:58:05.1 29:13:34 186 2002 1981 1885 1643  21.35 25 161 036  Hot spot?
9:17:50.9 45:51:45 185 1935 19.02 1823  17.80  22.89 1.1 145 0.08  Comp. nucleus
9:36:50.9 36:07:35 188 19.57 1936 1897 1740 2290 1.9 93 0.13  Tail?
9:38:18.3 39:58:22 175 1927 1838 1841 17.06 2297 37 40 045  Dust disk
9:58:57.5 29:01:39 179 1878 2287 2200 1742 2242 2.7 80 047  Tails
10:30:19.6 58:30:06 202 2034 2461 2262 1905 2294 2.1 76 020  Tail?
11:22:06.3 19:35:57 219 2032 2181 2111 1832 2350 1.0 153 0.67  Distorted
11:58:24.9 31:50:03 201 2037 21.62 19.81 19.05  23.13 24 164 0.65  Very elongated, dust?
12:03:54.2 64:30:19 219 1961  21.84  20.01 19.83  23.88 1.3 144 046  Tails, jet?
12:32:56.9 21:37:05 21.1 2074 2299 21.01 19.73  23.63 1.2 Dust lane?
12:39:44.8 —4:29:57 207 2062 2260 20.50 2099  24.77 15 18 046  Dust?, tails
12:49:26.1 50:50:42 213 2085 2419 2223 19.66  23.59 0.9 e ..
13:08:41.4 27:44:03 190 1990 2034 1907 1802 2263 217 151 0.08  Dust, tails
13:30:20.8 2:16:06 19.0 19.39 19.49 18.37 1793  22.69 1.6 142 0.08 Comp. nucleus, hot spot?
13:36:38.6 39:06:23 190 2039 2120 1989 1734 2191 23 Diffuse source
14:19:06.2 41:58:28 209 2073 2247 2065 21.00 25.06 2.7 47 Tails, dust?
14:20:40.1 19:49:13 198 2035 2189 2045 17.84 2228 1.9 89
14:41:249 52:14:19 181 19.08 1850 1806 1742 22386 2.0 Comp. nucleus
14:43:54.3 77:20:04 196 2001 2067 1925 1805 2251 1.9 169 047  Tails, dust, hot spot?
14:52:24.2 —4:08:52 205 2047 2155 19.53 1941 2327 0.9 135 029  Dust
15:08:32.6 8:02:57 209 2071 1886  16.80 18.64 2245 14 e ..
15:10:11.5 70:57:11 19.1 19.56 1944 1929 1796  23.69 1.9 75 0.31
15:11:30.9 26:18:39 183  19.13 19.13  19.15 1649 2239 2.6 33 046  Highly elongated
15:22:44.1 54:38:38 200 1949 2024 1930 2190 26.84 1.2 e e
15:29:29.8 35:43:50 202 2065 2262 2088 1888  23.01 1.8 Diffuse source
15:59:55.7 2:06:12 175 19.54 1854  18.64 4.0 135 039  Filamentary dust
16:02:13.1 1:25:58 211 2021 2420 2214 1991 2372 0.8 38 0.05
16:15:46.9 32:29:50 182 1894 1853 1797 1734  22.66 20 54 0.10
16:26:02.6 27:48:12 209 2031 2163 1960 2146 2530 1.0 17 041  Tails
16:41:34.5 17:21:21 19.1 1927 1946 1880  17.16  22.38 14 122 0.23  Optical jet
16:48:40.0 5:04:36 218 2027 2171 2112 1738  22.68 0.9 Two dust rings
16:58:04.5 47:07:20  19.8 19.63 2017 19.13  18.64 2347 14 14 0.31
17:26:27.3 31:48:26 184  19.64 1939  18.68 1722  22.38 31 84 Dust
18:25:55.7 74:19:07 193 2011 2062 1926  18.08  22.60 2.0
18:32:24.6 47:24:39  18.6  19.58 1939 1873 1718 2241 22 156 0.18  Comp. nucleus, tails
19:39:38.8 60:34:35 204  19.64 2488 2387 1824 2311 1.1 0.
20:18:04.0 29:32:43 199 1895 2408 2276 1841 2297 1.0 10 036  Jet?
20:19:442 9:51:35 226 2070 2525 23.18 2116 2497 1.2 Comp. nucleus
20:45:44.4 6:50:10 202 1958 2016  19.90 e 1.1 51 0.31
21:21:30.6 24:51:32 175 1976  19.09 1923 1608  22.10 1.0 94 027  Dust, jet?, hot spot?
21:20:54.4 15:35:12 209 2001 2416 2249 1890  23.11 1 123 0.23
21:26:37.2 7:19:50 214 2065 2240 2032 - 1.2 21 0.18
21:41:58.0 27:56:29 194 2013 2274 2163 17.68 2245 1.8 3 031  Dust
21:53:45.7 37:46:11 20.9 20.40 23.80 22.27 19.20 23.54 1.2 0 Diffuse source, dust?
23:09:56.7 9:03:07 192 1935 1960 1837 1796  22.60 14 107 0.15
23:14:02.3 3:48:54 183 1929 2239 2124 1824 2297 24 160 0.13  Tails, hot spot?
23:18:59.8 23:30:20 200 20.17 2152 2009 18.58  23.04 23 12 0.76 2 components

Notes—Col. (1) = 3CR number; cols. (2), (3) = position for epoch B1950; cols. (4), (5) = magnitude and average surface brightness inside a fixed
isophotal level; cols. (6), (7) = same as cols. (4) and (5) but inside 1 kpc aperture; cols. (8), (9) = same as for cols. (4) and (5) but inside 15 kpc aperture; col.
(10) = largest angular size of optical structure in arcsec; col. (11) = position angle of largest extensions; col. (12) = measured ellipticity (see text).
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radio bar aligned with the extended optical nucleus (Baum
et al. 1988). In this case the morphologically associated
optical and radio emission is probably due to the presence
of emission-line gas rather than to a continuum optical jet.

3C 173.1, z = 0.292.—This galaxy has a nucleus that is
partly obscured by dust. The radio axis is pointed perpen-
dicular to the dust. The image shows a cluster of galaxies.

3C 180, z = 0.22.—Tails of extended emission are seen
around this giant elliptical galaxy. The core appears to be
full of dust, or conceivably could be built of three separate
components. The image suggests that there is a shell of
emission around the nucleus.

3C 184.1, z =0.1182—This radio galaxy is known to
have strong emission lines. The image shows patches of
emission to both northeast and southwest of the nucleus.
The radio lobes are orientated almost perpendicular to the
extended emission (Leahy & Perley 1991).

3C 196.1, z=0.198—The highly elongated nucleus
seems to be broken up in several patches of emission. The

-1 0 1

radio emission is extended along the same direction as the
nucleus (Baum et al. 1988).

3C 197.1, z=0.1301.—The image shows a primarily
amorphous elliptical morphology.

3C 200, z = 0.458.—The galaxy emission is extended in
the same direction as the radio axis (Bogers et al. 1994).
There is a narrow feature pointing southeast that is a very
strong candidate for an optical jet since the radio morphol-
ogy is practically identical.

3C 213.1, z = 0.194—The galaxy nucleus is slightly elon-
gated in the same direction as the radio source. The two
patches of emission north and south of the nucleus coincide
with the radio emission (Spencer et al. 1989) suggesting a
double hot spot. The image suggests that there is a “shell”
of emission around the galaxy.

3C 219, z =0.1744—This object is a high-luminosity
radio galaxy, and it is a member of a cluster of galaxies
(Mathews, Morgan, & Schmidt 1964; Schmidt 1965). There
is a possibly interacting companion to the southeast.
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3C 223, z = 0.1368.—This galaxy is a member of a group
of galaxies (Sandage 1972). The HST image shows a galaxy
nucleus that is slightly elongated. There is some faint struc-
ture around it.

3C 223.1, z=0.1075—The image shows a beautiful
central bulge with a dusty disk. This galaxy hosts an X-
shaped radio source. The weaker radio emission is perpen-
dicular to the dust disk, and the direction of the stronger
radio lobes is indicated by the bar (Black et al. 1992).

3C 234, z = 0.1848.—This galaxy is a broad-line radio
galaxy (McCarthy et al. 1995). There are features emanating
from the nucleus in the east and west direction. This galaxy
is known to have strong extended emission lines which are
likely to be influencing the apparent morphology.

3C 244.1, z = 0.428.—This galaxy lies in a cluster of gal-
axies (Hill & Lilly 1991; McCarthy et al. 1995). The HST
image shows an elliptical galaxy nucleus with some struc-
ture north of it. This object is known to have strong emis-
sion lines (Spinrad et al. 1985).

3C 258, z =0.165—The image shows a highly curved,
irregular object and a disturbed companion to the north.
These objects appear to be members of a small group. The

PR SR S SR T B N——| P |

-2 -1 0 1 2

irregularities may be due to a merger or a recent tidal inter-
action.

3C 268.2, z = 0.362—The image shows a very elongated
narrow host galaxy. The object has strong extended
emission-line regions which are likely to be influencing the
apparent morphology.

3C 268.3, z = 0.371.—On both sides of the nucleus, tails
of emission extend out. The object is known to have strong
emission lines. There is a feature that is a candidate for an
optical jet. The radio source is elongated in the same direc-
tion (Akujor et al. 1991). This radio galaxy lies in a cluster of
galaxies (Hill & Lilly 1991).

3C 274.1, z = 0.422.—This radio galaxy lies in a cluster of
galaxies (Yates, Miller, & Peacock 1989).

3C 275, z = 0.48.—The nucleus appears to consist of two
patches of emission. Some faint tails of emission extend out
in the direction of the radio axis. This radio galaxy lies in a
cluster of galaxies (Yates et al. 1989).

3C 277, z=0.414—The HST image shows that the
galaxy is elongated in the eastwest direction, in the same
direction as the axis of the radio source.

3C 284, z = 0.2395.—This galaxy lies in a moderately rich
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F16. 63—(Left) 3C 341, z = 0.448. (Right) Contour levels: 1.5,2, 3,4, 5, 6,8, 10, 15,20, 40 x 1.866 x 10 '8 ergss ! cm 2 A~ ! pixel 1.
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(Bottom) Wide field.

cluster (McCarthy et al. 1995). The HST image shows that
the nucleus appears to consists of two parts, which is prob-
ably due to dust obscuration. The image shows two tails of
emission in northeast and southwest directions. The radio
axis points in roughly the same direction as the major axis
of the nucleus (Leahy & Williams 1984).

3C 287.1, z =0.2159.—This N galaxy shows a patch of
emission close to the nucleus at a distance of less than 1 kpc.

3C 288, z =0.246.—The diffuse nucleus of the galaxy
appears to be double. A radio image by Bridle et al. (1989)
shows no obvious connection with the optical image. Two
globulars appear very near to the galaxy nucleus.

3C 299, z = 0.367—The image shows a distorted galaxy.
Three patches of emission and much filamentary emission
are visible. A radio image at similar spatial resolution
(Spencer et al. 1991) shows a northeast elongated radio
structure.

3C 300, z = 0.27.—This object lies in a cluster of galaxies
(McCarthy et al. 1995). The HST image shows an elliptical
nucleus with indication of substructure. There is a patch of
emission east of the galaxy nucleus.

3C 303, z = 0.141.—The image of this N galaxy shows a
compact nucleus. The galaxy has strong emission lines.

3C 303.1, z = 0.267.—The nucleus of the galaxy appears
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Fic. 71—3C 401, z = 0.201, widefield

to consist of three or four components. The emission lies in
the same direction as the radio emission.

3C 306.1, z = 0.441.—The HST image shows a nucleus
that is partly obscured by dust. This radio galaxy is a
member of a cluster of galaxies (Yates et al. 1989).

3C 313, z =0.461—This elliptical galaxy hosts a fairly
large radio source (LAS ~ 130”) (Bogers et al. 1994). The
galaxy nucleus is surrounded by patches of emission. The
radio galaxy is a member of a cluster of galaxies (Hill &
Lilly 1991).

3C 314.1, z=0.1197—The image shows an elliptical
nucleus.

3C 315, z = 0.1083.—The image shows that the galaxy
nucleus is highly elongated, and some substructure is seen.
This radio galaxy is a member of a pair of galaxies. It hosts
an X-shaped radio source.

-1 o 1

3C 319, z = 0.192.—Some faint emission is apparent to
the northwest of the nucleus.

3C 320, z = 0.342—The image shows a diffuse elliptical
galaxy, showing no obvious signs of substructures.

3C 327, z=0.1039.—The image shows extensive dust
lanes northwest of the galaxy nucleus. The radio axis lies
perpendicular to these two dust lanes. The nuclear structure
is complex.

3C 327.1, z =0.4628.—This image shows an elliptical
nucleus with a faint halo of emission around it. This galaxy
has strong emission lines (Spinrad et al. 1985).

3C 332, z =0.1515—The image shows a smooth ellip-
tical nuclear region and appears to be a member of a close
pair.

3C 341, z = 0.448.—The image shows a distorted nucleus.
Some emission extends to the north and south. The radio
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FIG. 72—(Left) 3C 410, z = 0.2485. (Right) Contour levels: 3,4, 5, 6, 8, 10, 15, 20, 40, 60, 80, 100, 200, 400 x 1.866 x 10~ '8 ergss~cm 2 A~ pixel ..
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axis makes a small angle with the major axis of the elon-
gated nucleus.

3C 346,z = 0.161.—Dey & van Breugel (1994) found blue
optical continuum associated with a radio knot in this
galaxy. Our image resolves this knot into a curved optical
synchrotron jet and triple hot spot perfectly coinciding with
the radio emission. There is a companion galaxy.

3C 348, z =0.154—3C 348, Hercules A, appears as an
extremely diffuse low surface brightness galaxy with indica-
tion of absorbing dust in the shape of two rings. There is a
nearby bright emission patch.

3C 349, z =0.205—This image shows an elliptical
galaxy.

3C 357, z=0.1664—The image shows a galaxy with
chaotic, filamentary dust lanes southwest of the nucleus. On
the west side of the dust there is a patch of emission.

3C 379.1, z = 0.256.—The nucleus of this diffuse source is
elongated along the radio axis.

3C 381,z =0.1605—The HST image shows an elliptical
galaxy with two tails of emission pointing north and south.
The radio axis runs approximately in the same direction as

-2 0 2

the tails (Leahy & Perley 1991). The galaxy is a broad-line
radio galaxy (McCarthy et al. 1995).

3C 401, z=0201.—The HST image shows that this
galaxy is part of a group of galaxies. The radio emission
(Laing 1981) shows elongated structure in the same direc-
tion as the extended optical emission.

3C 410, z=0.2485—The image shows an elliptical
nucleus with some faint emission around it. There is an
extension toward the south in the same direction as the
radio jet. This feature is a candidate for an optical jet.

3C 411, z = 0.467—The image of this N galaxy shows an
compact nucleus. The radio image shows a classical radio
double.

3C 424, z = 0.127—The image shows a slightly asym-
metric elliptical nucleus. The wide field image shows a
nearby cluster of galaxies.

3C 433, z=0.1016—This object lies in a cluster
(McCarthy et al. 1995). The HST image shows a galaxy full
of filaments of dust and possible regions of star formation.
There is a faint patch of emission northwest of the galaxy
coinciding with a spot of radio emission. The radio mor-

LI I

LI B B B B IR B B B BN B B AN B B N B B B
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FiG. 74—(Left) 3C 424, z = 0.127. (Right) Contour levels: 1,2, 3,4, 5,6, 8, 10, 15,20 x 1.866 x 10~ *8ergss ! cm 2A ! pixel .
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central region.

phology (Black et al. 1992) shows a jet pointing to the north.

3C 434, z =0.322—The HST image shows an elliptical
nucleus, slightly elongated in southeast direction. This radio
galaxy lies in an average density environment (Yates et al.
1989).

3C 4354, z = 0.471.—The nucleus of this galaxy appears
to have some structure. The radio emission lies in the direc-
tion of the optical major axis (McCarthy, van Breugel, &
Spinrad 1989). This galaxy has two close companions.

3C 436, z = 0.2145—This image shows a nucleus with

dust features. Some filamentary emission is seen around the
core.

3C 438, z=029—The HST image shows a diffuse
nucleus that has structure. The object is a member of a
cluster of galaxies.

3C 456, z = 0.233.—The nucleus of this galaxy is elon-
gated in eastwest direction, and it has a slightly distorted
shape.

3C 459, z = 0.2199.—The image of this N galaxy shows a
compact nucleus surrounded by blobs and tails of emission.
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F1G. 79—(Left) 3C 438, z = 0.29. (Right) Contour levels: 2,3,4, 5,6, 8,10,15 x 1.866 x 10 8ergss ' cm 2 A~ ! pixel 1.

One patch of emission east of the nucleus coincides with the
radio emission (Morganti et al. 1993).

3C 460, z = 0.268.—The image shows a galaxy that con-
sists of two components ~4 kpc apart. The radio axis lies
along the direction of the optical major axis of the galaxy.

5. CONCLUDING REMARKS

We have used HST WFPC2 to image 267 3CR radio
galaxies and quasars. Here we presented the 77 radio gal-
axies in the intermediate (0.1 < z < 0.5) redshift range. In
future papers we will present the radio galaxies in the red-
shift ranges z < 0.1, z > 0.5, and the quasars, and we defer
numerical and statistical results of these observations and

their implications to future works. However, a few qualit-
ative remarks can be made here.

We find that at least 30% of the galaxies in the redshift
range 0.1 <z < 0.5 have cores with disturbed morphol-
ogies. It is clear that in several cases dust is strongly influ-
encing the appearance of the galaxy core, at least out to a
redshift of order 0.5, although additional factors such as
bursts of star formation and merging nuclei may be contrib-
uting to the disturbed morphologies. Additional observ-
ations at other wavelengths will help identify such cases and
will allow us to estimate the reddening caused by dust.

Throughout the redshift range we see clumpy cores. This
could be an indication for the merging of systems or similar

Fic. 80.—3C 438, wide field
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dynamical activity. Some sources show tails of emission
which is also an indication of the merging of systems. It is
clear that our filter is contaminated with line emission
throughout this redshift range; we may also therefore be
witnessing a contribution from patches of ionized gas.

We find 13 candidates for optical synchrotron emission.
The image of 3C 346 shows a curved optical jet and triple
hot spot perfectly coinciding with the radio image. We find
eight more candidates for optical synchrotron jets, where
apparently linear features emanate from the nucleus in the
approximate (in some cases, exact) direction of the radio
source, and five candidates for optical hot spots where there
is optical emission localized at the position of the radio hot
spots. Detailed follow-up comparison to radio maps and
optical polarization observations is required to determine if

these candidates are, in fact, optical synchrotron emitters.
Alternative possibilities for linear optical features and hot-
spot emission include emission-line gas interacting with the
radio jet, jet-induced star formation, and tidal tails.

In conclusion, we have presented the most basic data
from this series of HST snapshot images of 3CR radio gal-
axies. The images have revealed a wealth of detail, including
new optical jets, dust lanes, and multiple nuclei, and offer
the prospect of enabling substantial progress to be made in
the issues identified in the introductory section of this
paper.

This research is supported by HST GO grant number
GO-5476.01-93A.
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