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Summary. Three WSRT full synthesis observations at 610 MHz
of an area comprising the Hercules supercluster (A 2151 and
A 2147) yielded the detection of 40 galaxies brighter than m,
=17.5-18. 28 of these, which are members or probable members
of these clusters, are used to construct the Radio Luminosity

Function (RLF) separately for the elliptical and SO galaxies,

(E +S0), and the spiral and irregular galaxies, (S +1I). The results
confirm the finding based on the 1415 MHz survey (Pap. II) at a
somewhat higher statistical level. The RLF of the (E +SO)’s does
not show significant differences with respect both to other clus-
ters and to the galaxies in the general field. On the contrary the
(S+1) galaxies appears to be weaker radio-emitters when com-
pared to the Coma Cluster (Pap. III) and to a sample of nearby
galaxies, the difference being especially marked for the very
bright spirals (M, < —20).

Key words: clusters of galaxies — radio sources — lumlnosny
function

1. Introduction

The two Abell clusters A 2151 (Hercules) and A 2147 are inside
the cluster n°7 in field 108 of the catalogue by Zwicky and Herzog
(1963). Extensive redshift measurements (Burbidge and Burbidge,
1959; Bautz, 1972; Tarenghi, 1977; Tarenghi et al., 1977) have
proven that the two Abell clusters, which appear on the sky at an
angular separation of less than 2°, are approximately at the same
distance from us, and that the Zwicky cluster can be considered a
“supercluster” with a mean recession velocity of about 11,000 km
s L. The central regions (R<0%6) of A2151 and A2147 have been
surveyed with the Westerbork radio telescope in the continuum at
1415 MHz (Jaffe and Perola, 1975, Pap. I in this series), and the
9 bright cluster galaxies identified with a radio source were used
(Jaffe and Perola, 1976, Pap. II) to estimate the radio luminosity
function of the two clusters, separately for the elliptical and SO
(E +SO) and for the spiral and irregular (S + I) galaxies. In Pap. II
it was shown that, while the (E+SO)’s have a radio luminosity
function which agrees with both that of the other clusters sur-
veyed at 1415 MHz (Coma, A 2197, A 2199), and with the gal-
axies in the general field, the (S+1)’s seem to be weaker radio-
emitters with respect both to the Coma cluster, and to a nearby
sample of galaxies of the same type.

Like the Coma Cluster (Jaffe et al., 1976, Pap. III), these two
clusters have been re-observed at 610 MHz, where the wider ex-
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tent of the area surveyed in a full synthesis (R=<1°6) allows to
include a larger number of galaxies and therefore increase the
statistical weight of the results. These observations have been
fully reduced, and in this paper we present the data on the sources
identified with galaxies brighter than about m,=17.5. The main
purpose of this paper is to derive from these data the radio lumi-
nosity functions. In Sect. VI comments are given on the proper-
ties of two strong sources, which have been suggested by Mills
and Hoskins (1977) to be the components of a double identifiable
with a member of A 2147, but could well be unrelated to each
other.

For all the galaxies surveyed which are in the catalogue by
Zwicky and Herzog (1963; called ZH hereafter) we have adopted
a morphological classification based on plates taken with the
Mayall 4 m telescope and a cluster membership based on redshift
measurements (Tarenghi et al., 1978).

The distance to the Hercules supercluster used in this paper
is 110 Mpc (H,=100 km s~* Mpc™!).

II. Observations and Data Reduction

The general procedures followed in these observations and in their
reduction are identical to those described in the earlier papers of
this series, and in particular we refer to Paps. II and IIL. The
specification of the observations at 610 MHz are given in Table 1,
and the list of calibration sources in Table 2.

The three full syntheses (4 x 12") at 610 MHz are centered
the first on A 2151, the second on A 2147 and the third in between.
The last one served to map the wide angle tail source associated
with NGC 6034 and described in Valentijn and Perola (1978).
The position of the three radio fields is shown in Fig. 1, which is
a reproduction of the distribution of galaxies brighter than m,
=15.7, from ZH. The purpose of this figure is to show the cover-
age of the two clusters. The useful field of a full synthesis is limited
to a circle with 126 radius, due to the primary beam attenuation
(its pattern is given in Pap. III). At that distance from the radio
field centre the attenuation is a factor of 56. In Fig. 1 are also
drawn the circles where the attenuation is a factor of 3, which
show that A 2147, whose galaxies are spread over a larger area
than in A 2151, and was therefore not properly surveyed at
1415 MHz (Paps. I and II), is well covered by the present work.

The synthesized beam has a FWHM of 53” in R.A. and 53"
cosec 6 in Dec. The first two sidelobes have heights —59%; and
+39 of the central peak, and are located 1.5 and 2.5 beamwidths
away from it. The increments of 18 m in baseline result in a strong
elliptical grating ring with semiaxis 1°56 in R.A.
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Fig. 1. Radio coverage at 610 MHz of A 2147 and A 2151. The
distribution of the galaxies brighter than m,=15.7 is reproduced
from ZH. The outer line represents the maximum coverage ob-
tained combining the three full syntheses. The inner line corre-
sponds to an attenuation factor of 3 with respect to the radio
field centres

The effective noise ¢ in the three maps after the cleaning
procedure turned out to be 1 mJy per beam area. The search of
the sources was stopped at the 4 ¢ level, which should be considered
our completeness limit for “point” sources.

The measurement of the 4 Stokes parameters allowed the
production of polarization maps, which however could not be
used properly because of bad interference and of contamination
by structures in the galactic background.

To exploit the improved system noise of the WSRT at 1415
MHz, we also obtained a further 4 x 12 observation at this fre-
quency of A 2151, with the field centre coincident with the ob-
servation described in Pap. 1. However, because of dynamic
range limits and errors in calibration the improvement was
marginal. Of the new 1415 sources the two identified with bright
galaxies are detected also at 610 MHz. For these sources (20W9
and 20W2) we give in Table 4 the 1415 MHz positions, which
are supposed to be more precise than those at 610 MHz.

III. The Cluster Galaxies Already Detected at 1415 MHz

In Paper II the galaxies brighter than m,~17 detected in the 1415
MHz survey are listed with their measured redshift. All but one
(1601 +16 W 3) are cluster members, and these are listed again
in Table 3 along with the radio parameters at 610 MHz. In Col. 2

Table 1. Observation specifications

Frequency Field centre Obs. dates Shortest/
(MHz) (1950.0) (year + incremental
sidereal day)  spacing (m)
610 162025250 75321 38/18
+17°53' 0070 75332
76210
76270
1415 idem 75225 54/18
75227
75236
75241
75254
75256
610 16°02™0350 73233 54/18
+17°05' 2470 73239 :
73246
73250
73263
73319
610 16201™1325 75334 36/18
+16°17" 4870 76014
76015
76032
76034
76220
76223
76224
Table 2. Calibration sources
Source name =~ R.A.(1950.0) Dec(1950.0)  Se10(Jy)
3C48 01234™495827 +32°54'20763  —
3C 147 05 38 43.503 49 49 42.87 37.78
3C 390.1 14 58 56.664 71 5211.17 —

the map flux, that is the flux uncorrected for the attenuation, is
given. For the extended sources a numerical map was produced
and the flux determined by integration over this map. The sky
flux is given in Col. 3, along with the uncertainty. This was ob-
tained by combining the estimated error in the map flux and the

-error in the attenuation factor, which was taken to be 10RY,,

where R is the distance from the field centre in degrees. A probable
error of 5% in the absolute flux density scale should be added to
the uncertainty reported here. In Col. 4 the spectral index a be-
tween 610 and 1415 MHz and its uncertainty are given. For the
resolved sources the maximum extension, and its position angle
when the source is elongated in one direction, are reproduced in
Col. 5. In A 2151 two sources are well resolved, namely 1601
+17W1 and 1604+ 18 W 1. They are of the wide angle tail type:
a multifrequency analysis of the first is published in Valentijn
and Perola (1978), a similar analysis for the second will be pub-
lished later (but see the 610 MHz map in Fig. 3). The structure
at 1415 and 5000 MHz of the strongest source in this cluster,
1602+ 17 W4, is discussed in Jaffe and Perola (1974). At 610 MHz
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Table 3. 610 MHz parameters of Cluster radio galaxies detected at 1415 MHz

A2151
Source name S S ulhls e _,PA Ic Galaxy Gal m Notes
map sky 610 m’ : bo)
(mJy) (mJy) name type
(1) (2) (3) (k) (5) (6) (1) (8) (9)
1601+1TW1 915 1190 0.61 510",- I1 N603k E 15.2 Wide angle tail source, see Valentijn and
*15 +.03 Perola (1978)
1602+1TWL 111.5 1ik.2 -0.18 II N60LOB SO 15.7* In double system with spiral
2.0 .03
1602+17W2 15.9 16.1 0.86 I N6041A E 15.3% In double system with an SOn16™-16%5.
. 1.0 .1h Radio source could be either galaxy
1602+1 7wk 1349 1349 0.63 60":,90° II N6OLT E 15.4  LC17.66, see Jaffe and Perola (19T4)
25 .03
1603+17TW2 8.7 8.9 0.86 I IC1182 SOp 15.2 Slightly confused by nearby weak sources
1.5 .30
1603+1TW3 13.5 13.8 o.si III IC1185 Sa 15.1 Classified E in Pap.II
1.0 .1
1604+18wW1 392.8 673 0.49 so00",- II N6061 E 15.0 Wide angle tail source (see map).
b1 .08 New flux at 1415 MHz: 4468 mJy
A2147
1559+16W1 8.5 10 - I Anon E 16.5% Confused by nearby source, flux very
- ) uncertain
1559+16W2 35 42 0.3 60" ,10° II Zw108-73 E 14.9 Slightly confused by nearby source. The double
10 b structure is evident at 1L415MHz, see Pap.I
1600+16W10 22.5 24.3 0. BE I Zw108-82 E . 15.5
1.1 .1
1601+15W1 160.4 192 0.66 85",90° III  Anon E+E 16.5% Double radio source, see Pap.I for the map
6 o7 at 1415 MHz

the beam is slightly broadened in a way consistent with the size
and structure of this source as determined at 5000 MHz. The two
extended sources in A2147 (1559+16W2 and 1601 +15W 1) are
close doubles at 1415 MHz, and the extension measured at 610
MHzis consistent with the one determined at the higher frequency.

The identification class in Col. 6 (as defined in Paper I) is the
one determined at 1415 MHz, where the positional accuracy is
better. The position of 1603+17W3 determined at 1415 MHz
with the new observations confirms that its identification with
IC 1185 is rather improbable (IC III).

The NGC and IC catalogue numbers in Col. 7 are assigned
according to Corwin (1971). The ZH galaxies not in those cata-
logues have been assigned the sequential number in ZH field
number 108. The morphological classification (Col. 8) of the ZH
galaxies is somewhat different from that given in Paper II. The
only change that could matter for the construction of the Radio
Luminosity Function (RLF) concerns IC 1185, from E to Sa;
this galaxy however was not and is not used for that purpose be-
cause of its IC IIL. The photographic magnitudes m, in Col. 9 are
either from ZH, or have been estimated by us on the blue print
of the Palomar Sky Survey (see Paper I; these magnitudes are
indicated by an asterisk, and are affected by an uncertainty of
+075). Two ZH galaxies (N 6040 B and N 6041 A) are in a double
system, and therefore we had to subtract from the ZH mag-
nitude the estimated contribution of their companion. Note that
the SO companion of N 6041 A could also be identified with the
same radio source, on the basis of the positional error at 1415 MHz,
and that we have chosen the brighter component of the double
for the construction of the RLF.

IV. New Identifications at 610 MHz

For all radiosources found down to the search limit in the three
610 MHz syntheses an optical identification was tried on 48"
Palomar Schmidt photographs, and those which were identified
with galaxies brighter than m,=17.5-18 are listed in Table 4.
These sources are divided in two groups according to whether
they fall in the A 2151 or in the A 2147 field. The two fields are
rather arbitrarily defined as above and below Dec.=17°.

Columns 2 and 3 give the 1950.0 position. The r.m.s. position
error in R.A. o, is given as a function of map flux in Fig. 1 of
Pap. III. Note that the error in Dec. g, is larger by the factor
cosec . The radio position error is the dominant contribution to
the radio-optical combined error in Col. 8. The map and sky
fluxes with the estimated uncertainty (Cols. 4 and 5) have been
obtained as described in the previous section. Two sources found
by the search program, but with S,,,<4 mJy 20W21 and
20W31) are included in this table because of their interesting
identification, but will not be used to construct the RLF (Sect. V)
because below the formal completeness limit for unresolved
sources. For the resolved sources the maximum extension and
its position angle are given in Col. 6. Among these there are three
close couples which are tentatively considered double sources
(20W7, 10, and 20). The maps of the doubles and of the well
resolved sources are presented in Fig. 3. For the unresolved
sources an upper limit of 100”(S,,,,/¢) "/ can be placed on the
extension in R. A. (the limit in Dec. is larger by cosec 9).

The optical positions were measured partly with the XY mea-
suring machine of the ROUB group in Bologna on a IIIaJ plate
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Fig. 2. Finding charts for all the identifications in Table 4. Reproductions are courtesy of Palomar Sky Survey — National Geographic Society
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Table 4. 610 MHz radio sources identified with galaxies brighter than m,~17.5

Field of A2151 (Dec >17°)

&
5
g
3
g

Source cR(1950.0) GR(1950.0) slmlp ssky (em,PA) a o so—sR Pos.erré Ic Gal. Gal. mp Member Notes
name ! (nJy) (mJy) (arcsec) (arcsec) (arcsec”) name type ship
(1) (2) (3) (L) (5) (6) (1) (8) (9) (10) (11) (12) (13) (14)  Source may be spurious

20W1 15258™155 1701311412 4.0 10.7 13.5 -27.7 6.6x22.1 I s 17*
2.7
20W2 15 59 11.3 18 09 43.8 ko 1k -5.8 1.0 6.6x21.2 I s 15.8%
3.7
20W3 15 59 21.5 17 21 18.4 4.2 8.7 -10.8 -36.8 6.5x21.5 .I s0? 17.5* Reddish lenticular galaxy
2.1 :
20wk 15 59 50.7 1T 21 59.3 7.0 11.8 - 2.7 k.2 h.1x13.4 I E? 17.5% Reddish gelaxy
1.8
20W5 16 02 30.5 17 35 20.1 4.1 4.6 - 5.8 -17.4 6.5x21.5 I Zwl08-108  Sbe 15.7 Yes
0.8
20W6 16 02 32.0 17 00 47.5 L. L.6 6.3 22.0 6.1x20.5 I  Zwl08-107 8d(B) 15.7  Yes
1.0
20WTa 16 02 39.7 18 43 20.L4 T5.4 35.6 * Double radio source (see map)
2o 16 02 15,9 18 Wk 26.f 0 a8 o % " BT Flux ratio of components =1.3
20W8 16 03 00.2 17 Lk ok.2 4.2 h.g 10.0 17.5 6.1x20.0 I s 16.5*
. 0.
20W9 16 03 19.1 17 43 59.9 b1 4.3 - 3.0 -18.4 2.7x7.9 I ICL181 S0 15.7 Yes In double witll: IC1178(80). Position
1.0 measured at 1415 MHz. a =1.2+.3.
20W10a 16 03 55.4 17 02 03.5 20.6 - 5.1 * Double radio source (see map) Flux ratio =1.2.
20WLOb 16 Ok 00.5 17 02 10 l} 22.9 3gg 75"5 90° I E 7.5 For alternative identification of components
: - : see caption to map.
20W1l 16 Ok 32.4 17 37 38.0 5.3 7.3 10.k - k2 5.3x17.2 I Zwl08-154  Sb 15.7 Yes
. 1.0
20W12 16 Ok 33.0 17 L6 32.1 5.5 7.0 1.4 20.9 2.9x9.5 I ' s 16" Position measured at 1415 MHz
1.0 a= 0.6%.3.
20W13 16 05 25.0 18 36 32.0 5.3 20.5 - b}y 1k.2 5.3x16.5 I s0? 16"
3.0
Field of A214T (Dec <17°).
20wl 15 56 58.9 16 26 03.7 149.6 246.9 - 0.9 - 2.1 1.5x4.1 I E?  17.5
9.3
20W15 15 58 36.1 16 30 13.8 17.1 83.1 50", 90° - 5.k 9.2 II E? 18 Very red galaxy
5.0
20W16 15 58 58.9 15 46 30.5 16.4 37.9 130",170° 4.3 31.9 II ICl161 E 15.2  Yes  Very close to 4C+15.52, of which
. 4.6 this source could be an extension (see map)
20W17 15 59 05.8 16 21 3k.k  1L.7T 21.6 5.9 - 8. 2.2x7.2 I  Zwl08-58 Scp(R) 15.3  Yes
1.1
20W18 15 59 21.0 16 3L 34.3 7.5 11.3 90", 20° -11.2 -21.2 : II  Zwl08-6k4 Sc 15.6 Yes The measured extension is very uncertain
1.1
20W19 15 59 22.4 16 27 06.2 6.8 9.4 h.2 - T.4 h.2x1k.5 I sab  16%
1.0
20W20a 15 59 23.4 15 3k4 08.9 " ° 32.7 26.4 * Double source with flux ratio =1.8 (see map)
206206 15 59 29 15 32 24 2.3 '%g 115%,130 1t so? ol For alternative identification, see caption to map
20W2l 15 59 38.4 15 51 11.0 3.1 5.1 - 3.7 -29.2 8.1x29.5 I Ir 16* Source can be spurious. The galaxy is
1.2 very blue.
20W22 15 59 45.0 16 3k 31.2 T.2 9.6 1.7 - k9 hixikl I 2Zw108-66 SO 15.7 Yes
0.9
20W23 16 00 02.6 16 29 10.6 10.6 12.1{; 6.1 - 8.2 2.9x9.5 I Zwl08-T5 E 14.6  Yes
0.
20W2k 16 00 27.1 16 48 03.1 b0 7.3 - 2.6 21.8 6.6x22.0 I : Pec 16.5°  To
1.8 .
20W25 16 01 03.5 16 35 0k.9 5.9 93 -12.2 -12.4 L.7xi6.2 I s07  17.5% Reddish galaxy
1.
20W26 16 01 14.6 15 L2 10.9 7.5 12.7 - 1.6 7.7 3.9x1k.0 I s0? 16*
1.2
20W27 16 02 O1.T 16 52 01.6 6.4 6.8 - 6.6 -15.0 h.lxik.8 I E? 17.5% Red galaxy
1.1
20W28 16 02 16.4 16 08 49 5 6 -3 2 6x2k I sz 17*
1
20W29 16 02 k2.7 16 56 36.1 7.8 8.3 - 2.1 T.5 3.7x12.% I s 16* Yes
1.1
20W30 16 03 13.3 16 33 51.1 72.3 12L.4 50", 60° 4.5 - 1.6 II E 18* Very red galaxy. Map given
T.1
20W31 16 Ok 03.2 15 48 43.h 3.6 10 2.2 4.2 Tx25 I E? 17* Star superimposed on galaxy.
2
20W32 16 Ok 09.2 15 49 03.h4 5.2 15.5 -13.0 7.5 5.3x19.5 E 15.0%  Yes Either galaxy in the "double" system
2.1 91 3.8 I Zwl08-1L47 ® 15.0%  Yes can be identified with source
20W33 16 06 53.2 16 33 3L4.5 7.3 9; - 1.1 3.9 3.9x13.4 I E 17.5* Mo Very red galaxy
1
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Table 5. Sources identified with E or SO cluster members and probable members with m,<17*

(identification classes I and IT)

Source Galaxy log Pgy0 M, Lo Lnax Emission lines
(WHz™Y) (kpe)  (kpc)
A 2151
1601 +17W1 N 6034 24.21 -20.1 280 NEL
1602+17W1 N 6040 B 23.19 —19.6* <5 EL
1602+7W2 N 6041 A 22.34 —20.0* <14 NEL
1602+17W4 N 6047 24.26 —-19.9 33: NEL
1603 +17W2 1C 1182 22.09 —20.1 <19 EL
1604418 W1 N 6061 23.97 —20.3 275 NEL
20W9 1IC 1181 21.77 —19.6* <27 NEL
20W13 Anon 21.98 —19.3* <24 NEL
A 2147
1559 +16W1 Anon 22.14 —18.8* — — NEL
1559 +16 W2 Zw 108-73 22.76 —-20.4 33 NEL
1600+16 W10 Zw 108-82 22.52 —19.8 <11 NEL
20W16 IC 1161 22.72 . —=20.1 71 NEL
20W22 Zw 108-66 22.12 —19.6 <20 NEL
20W23 Zw 108-75 22.23 —20.7 <17
20W26 Anon 22.24 —19.3* <20
20W31 Anon 22.14 —18.3* <29
20W32 Zw 108-147 22.33 —20.3* <24 NEL

kindly lent us by F. Bertola, and partly with a similar measuring
machine at the Leiden Observatory on a glass copy of the Palomar
Sky Survey. The measuring errors are comparable for the two
instruments, and are in the order of 1”. Cols. 7 and 8 give the
difference in radio and optical position, and Col. 9 the combined
radio-optical error. As in Pap. I the identifications are subdivided
in three classes (Col. 10). ICT include the unresolved sources
satisfying the 3¢ criterion:

(0o —ap)® (50_5R)z<
<9,
0%+ 0% + ai+al =

where g, is the estimated error in the optical position (1”). The
ICII in this table are extended sources which either have the
brightness peak within 3¢ of the optical position, or extend to
cover the optical image. The double 20W7 is also considered
IC II. These two classes contain the sources whose identification
is considered certain. The uncertain cases are considered IC III.
In this table there are two such cases, the “doubles” 20W 10 and
20, for which alternative identifications of at least one of the

components are acceptable (see captions to Fig. 3), while the pro-

posed identifications are rather off the line joining the two peaks.
For Cols. 11-13, see in Sect. III the comments on the correspond-
ing columns in Table 3. The morphological class of the galaxies
not in ZH was assigned after inspection of the red and blue glass
copies of the Palomar Sky Survey and partly with the aid of more
adequate photographic material (M. Tarenghi, private communi-
cation). The information based on redshift measurements about
the membership to the two clusters (Col. 14) is complete for the
ZH galaxies, but is limited to only four of the other galaxies (H.
Tarenghi, private communication). Of those with no redshift mea-
sured we shall tentatively consider cluster members the galaxies
with m, <17*, and use only these for the construction of the RLF.

Since the identifications are based on positional coincidence,
it is important to estimate the number of them in Tables 3 and 4
which could be due to chance associations. To this purpose we
have proceeded as in Paper III, taking care of the non uniform

distribution of the galaxies in the clusters and of the radio sources’
in the radio fields (the latter being due to the radial dependence
of the attenuation). We have done this separately for the galaxies
brighter than m,=15.7 (the ZH galaxies) and for the galaxies
with 15.7<m,<17* (on the basis of the counts described in the
next section). We obtain for the unresolved sources (the majority)

-that only 0.5 galaxies with m,<15.7 and 1.5 galaxies in the fainter

group are expected to be included-as identifications in Tables 3
and 4 because of a chance coincidence. This means that the inci-
dence of spurious identifications is of order 109 or less, and
should not influence significantly the RLF that we are going to
derive.

Finding charts of all identifications in Table 4 are reproduced
in Fig. 2.

V. The Radio Luminosity Functions

To test whether the galaxies in a cluster have a radio power dis-
tribution consistent or not with that in other clusters or in the
field, it is convenient to construct a fractional bivariate radio
luminosity function (BRLF), which represents the fraction of
cluster galaxies per interval of radio power, as a function of the
absolute optical magnitude (see Papers II and III, and Auriemma
etal., 1977). Since ellipticals and spiral galaxies have different radio
properties, we subdivide the galaxies in two groups, the ellipticals
and the SO’s (E + SO), the spirals and irregulars, (S+1).

The BRLF has been determined in the way described in Paper
I1, which requires counting the galaxies in circles of increasing
radius about the radio field centres. The counts were done in two
steps. The first consisted in counting the cluster galaxies in the
ZH catalogue, assumed complete down to m‘,= 15.7, which cor-
responds to M, = —19.6, if an interstellar absorption of 0™1 is

“included. The galaxies'in double and triple systems which appear

as single entries in ZH have been counted individually, and their
magnitudes estimated by us. The second step was to count the
galaxies in the interval 15.7<m,<17* on a 4 x enlargement of
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Table 6. Sources identified with S or I cluster members and probable members with m, < 17* (identification
classes I and IT) :

Source Galaxy log Pe1o M, o Lnax Optical spectrum
(WHz™) (kpo)
A 2151
20W1 Anon 22.17 —18.3* <27
20W2 Anon 22.29 —19.5* <27
20W5 Zw 108-108  21.80 —19.6 (—19.7) <27 EL
20W6 Zw 108-107  21.80 —19.6 (—19.9) <26 NEL
20W38 Anon 21.77 —18.8* <27
20W11 Zw 108-154  22.00 —19.6 (—19.7) <24 NEL
20W12. Anon 21.98 —19.3* <25
A 2147
20W17 Zw 108-58 22.47 —20.0 <14 EL
20W18 Zw 108-64 2219 ° —19.7 (19.8) 49: NEL
20W19 Anon 22.11 —19.3* <21
20w21 Anon 21.84 —19.3* <31
20W28 Anon 22.10 —18.3* <25
20W29 Anon 22.06  —19.3* <20
Table 7. Radio luminosity function of the (E+SO) galaxies
A 2151 A 2147
log Pgyo
(WHz™ ) —-19.6<M, <£-18.3 —-20< M, £-19.6 —21<M, £-20 —19.6< M,=— 183 —20<M, =—19.6 —21<M,=-20
21.76-22.10 1/ 61 1/ 9 1/9 0/ 80 0/12 0/ 7
22.10-22.50 0/ 82 .0/14 1/9 2/105 1/14 2/12
22.50-22.90 0/ 95 0/14 0/9 0/125 1/15 2/12
22.90-23.30 0/110 1/16 0/9 0/130 0/16 0/14
23.30-23.70 0/110 0/18 0/9 0/130 0/18 0/15
23.70-24.10 0/110 0/18 1/9 0/130 0/18 0/15
24.10-24.50 0/110 1/18 1/9 0/130 0/18 0/15
log Pg19>21.76
These clusters 0.02+0.01  0.237§:42 0.44+0.22 0.02+0.01 0.14+3:93 0.33+0.17
Auriemma
et al. (1977) 0.03 0.2 0.4

the blue glass copy of the P.S.S.. For the magnitudes we used
the scale adopted in Paper 1. The background contamination was
determined on the basis of 5 galaxies per square degree down to

a) The BRLF of the (E +SO) Galaxies

In Table 5 are listed the sources identified with (E+SO) cluster

m,=17* (cf. Oemler, 1974). The uncertainty due to our magnitude
estimate and to the correction for the background can be rather
serious. However we estimate that it should not exceed 509, by
comparison with the optical luminosity functions in Oemler (1974)
and Krupp (1974). ) '

We did not attempt a detailed morphological classification of
the galaxies fainter than 1577, and assumed that the proportion
of (E+SO0) galaxies found among the ZH galaxies remains the
same down to m,=17*, corresponding to M, = —18.3. This pro-
portion in our radio fields is practically identical for A 2151 and
A 2147, and is equal to ~50%. We note that the proportion of
bright (E+SO)’s in A 2147 is much larger in the circle R<0%6
around the field centre, which was surveyed at 1415 MHz, and
close to the value of 809, adopted in Paper II.

members and probable cluster numbers with m, < 17* (ICI and
1I only), along with the radio power, the optical absolute magni-
tude, the maximum physical extent or the upper limit in R.A.,
and a note on the presence of emission lines in the optical spectrum
(EL=yes; NEL=no). Except for 20W31, whose map flux is
below the completeness limit, these sources are used to construct
the BRLF, which is presented in Table 7. For each interval of
radio power and of optical magnitude we give the number of
detected galaxies over the number of galaxies that could have
been detected if they had Pg;,, in that interval. There is only one
galaxy brighter than —21 (in A 2147), and this was not detected.
The first two intervals of optical magnitude are very unequal, but
we preferred for the sake of homogeneity to keep the ZH separated
from the rest. At the bottom of the table there are the integral
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Table 8. Radio luminosity function of the (S+1I) galaxies

A 2151 A 2147
log Pgy0
(WHz™?) —19.6<M,=—183 —20<M, £-19.6 —21<M, <£-20 —19.6<M,=—-183 —20<M, £-19.6 —21<M, =-20
21.76-21.90 1/40 2/10 0/s 1/ 50 0/ 4 0/ 3
21.90-22.10 1/61 1/14 0/7 1/ 81 0/12 0/ 8
22.10-22.30 2/73 0/15 0/7 2/ 97 1/14 0/10
22.30-22.50 0/82 0/17 0/8 0/107 0/14 1/12
22.50-22.70 0/94 0/18 0/8 0/115 0/14 0/14
22.70-22.90 0/95 0/18 0/8 0/125 0/15 0/14
log Ps10>21.76 0.07+0.03 0.27+0.16 <0.2 0.05+0.3 0.07%3:35 0.08+3:37

Table 9.Comparison of integral RLF’s of (S +1I) galaxies for log Pg;o>21.76 (WHz™?)

Field
A 2151 A 2147 A 2151+A 2147 Coma
(@) ®
—21<M,<—20 <02 0.08+39] 0.05+9:24 0.45+928 0.61+0.11 0.59+0.16
—20<M,<—19.6 0.27+0.16 0.07+9:9¢ 0.2240.11
—20<M,<—19 , 0.49+9:23 0.06+3:93 - 0.35+0.07
—19.6<M,< —18.3 0.0740.03 0.05+0.03 0.06+0.02 v
19 ,M,<—18 0.39+0.17 <0.08 <0.05

values of the BRLF above the minimum detectable power,
log Ps;0=21.76 (radio power in WHz ™), for the two clusters and
for the (E+ SO) galaxies in general (estimated from Auriemma
et al., 1977). Despite of a fairly good agreement, among the three
sets of integral values, we note that, while the galaxies brighter
than —19.6 in A 2147 are confined in power below log P=23,
in A 2151 their power distribution reaches log P=24.5 and this
conforms better to the behaviour found for the (E +SO) in general
(Auriemma et al., 1977), whose RLF is rather flat up to log P
=24.5. The statistical significance of this difference is however
very limited, and because of the wide range of powers that ellip-
tical galaxies can attain in their radio emitting phase(s), it can be
easily attributed to a statistical fluctuation.

b) The BRLF of the (S+1) Galaxies

Table 6 contains the same information as Table 5, for the (S+1)
galaxies in IC I and II. Except for 20W21, these are used to
construct the BRLF. As in the previous papers of this series, we
have applied to the spirals in ZH, detected and not, a correction
for internal absorption, using the relationship between the cor-
rection and the apparent axial ratio given by Holmberg (1958).
The axial ratios have been measured on the P.S.S. blue print.
In Table 6 the corrected magnitudes are given in parenthesis.
Because of the large uncertainty on the magnitudes estimated by
us, this correction was not applied to the spirals not contained in
ZH. This implies that some of the galaxies counted in the interval
—18.3=M,> —19.6, including possibly 1 or 2 galaxies (in this
magnitude interval) detected in radio, can be intrinsically brighter
than —19.6. Therefore the estimates of the BRLF (Table 8) in
this interval are also affected by this uncertainty. However this
should have no consequence for the estimates in the brighter

intervals, in particular the interval (—19.6, —20), because the

BRLF is given in fractional form and is therefore unaffected by

theincompletenessin absolute optical magnitude of the ZH sample,
in that the detectability in radio of a spiral galaxy should not
depend on its inclination. )

By comparing the two BRLF’s in Table 8, it is apparent that
there are no significant differences between the two clusters. In
particular they are both characterized by a low fraction of radio-
emitting spirals among the bright (ZH) galaxies. This confirms
the finding of Pap. II concerning A 2151 and extends its validity
to the whole supercluster. In Table 9 the integral values of the
BRLF of the two clusters are compared with the results obtained
for the Coma Cluster (Pap. III) and for a sample of nearby “field”’
spirals. The “field” RLF was derived from a study by Cameron
(1971a,b) in the way described in Papers II and III. We refer the
reader to Paper III for the difference between entries (a) and (b),
the first obtained without and the second with a magnitude cor-
rection of 076. The second choice is believed to be more consistent
with the ZH magnitude scale. .

With respect to Coma, the spirals in the Hercules supercluster
appear to be weaker radio-emitters, especially in the brightest
and the faintest of the three magnitude intervals. The comparison
with the field is rather tricky, mainly because of the unsatisfactory
situation with regard to the homogeneity of the magnitude scales
adopted. In the faintest interval there is a fairly good agreement;
in the middle one the percentage in Hercules is within the uncer-
tainties of both choice (@) and (b), although these two are rather
inconsistent with each other; in the brightest interval Hercules is.
clearly deficient with respect to the field. Our estimate of the ex-
pected number of detections among the ZH galaxies brighter
than —20is 7.6 +1.4, and 7.3+2.1, according to choice (a) and
(b) respectively, against only 1 galaxy detected.
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Fig. 4. Maps of 1600+ 15W2. To the left: 1415 MHz map; middle: 1415 MHz map cvonvolved with the 610 MHz beam; to the right:
610 MHz map. Contour levels: 2, 4, 6, 10, 20, 40 etc mJy/beam (map flux, uncorrected for attenuation); the 2 mJy contour is left out
from the 610 MHz map. Beam areas: 0.3 and 1.6 1077 sterad at 1415 and 610 MHz respectively

Despite of all uncertainties, there is an indication that the
deficiency in the strength of the radio-emission in the Hercules
spirals (at least the very bright ones) with respect to Coma and
the “field” might be due to intrinsic differences, rather than to a
statistical fluctuation. Since a general discussion on the radio-
optical properties of spirals in clusters is in preparation and will
include also the other clusters in this survey, here we limit our-
selves to the following points.

In Paper I1I it was stressed that 90%, of the (S+1I) detected in
Coma have emission lines in their spectra at various degrees of
intensity, compared to at most 65%, of the galaxies of this type
surveyed at 610 MHz. This indicates the possible existence of a
correlation between the radio power and the presence of emission
lines. For the Hercules supercluster a complete information on
the optical spectra is not available to us, but we like to draw
attention to the fact that only 2 of the 5 ZH spirals detected (see
Table 6) show some evidence of emission lines. This suggests that
the deficiency of radioemitting spirals might be connected with a
lower proportion of emission line spectra in the (S+1I) galaxies
of Hercules with respect to Coma.

Because of the small number of detections, it is impossible to
make a meaningful statistical test of whether their spatial distri-
bution is or is not the same as that of all galaxies. We mention
however the rather striking fact that none of the (S +1I)’s detected
in A2151, except the faint galaxy associated with 20W8, be-
longs to the region where the galaxy density is highest and a large
fraction of the (S+1I) galaxies are concentrated.

VI. Comments on a Hypothetical Double Source in A 2147

The sources 1559+15W1 (4C+15.52) and 1600+15W2 (4C
+15.53) are the strongest in the field of A 2147. According to
Mills and Hoskins (1977) they are the components of a double
identified with a bright cluster galaxy. Let us first consider them
as two independent sources.

At 1415 MHz 1559+15W1 is not resolved, but because of
the strong attenuation nothing can be said about its extension
(see Pap. I). At 610 MHz the map after subtraction of a point
source at the position of the peak is shown in Fig. 3 (map of
20W16). There is no sign of extension, unless the two weak
sources to the N-W (20 W 16 identified with IC1161) and to the
N-E are considered appendixes of the strong source itself. The
peak flux at 610 MHz is 1536 139 mJy, which combined with the
flux at 1415 MHz of 560+ 70 mJy given in Pap. I yields a spectral
index a'§13=1.2040.18. Within 3¢ of the position of the radio
peak there is no optical counterpart.

The source 1600+ 15W 2 appears very extended at 1415 MHz.
The full resolution map at this frequency is given in Pap. I and is
also reproduced in Figs. 4 and 5. The structure of this source is
atypical, it appears as a roundish body with a brightness gradient
which is steeper toward the eastern side. Low brightness exten-
sions to the West and to the South-East appear more clearly on
the convolution of this map with the 610 MHz beam in Fig. 4.
A comparison with the 610 MHz map given in the same figure
shows that the structure of the source is rather similar at
the two frequencies. Unfortunately, on the latter map the low
brightness extensions are badly affected by sidelobes. The total
flux is 1617 4+ 30 mJy at 610 MHz and 887 +40 mJy at 1415 MHz,
and the spectral index between these two frequencies is 0.71 +0.02.
It should be noted however that the spectral index appears to
vary across the source, and is steeper on the eastern side (0.90)
than on the western side (0.60) of the main body. The optical
identification is very doubtful, because there are several candi-
dates under the radio contours, none of which is close to the
radio peak. In Pap. I an IC III was assigned to the object (m,
=17.5) closest to the peak. An interesting possibility is the iden-
tification with the bright (m,~16) elliptical galaxy touched by
the N-E contours (object A in Fig. 5), which is probably a cluster

" member. One should then consider this as another example of a

radio source with the main body of the radio-emission greatly
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Optical field of the sources 1600+ 15W2 and 1559+ 15W 1, see discussion in Sect. VI. Reproduction from Palomar Sky Survey

displaced with respect to the optical counterpart. Typical cases
with a marked displacement found in clusters are the radio tails,
but in these sources generally the brightness distribution indicates
" more clearly the connection with the galaxy, and often a compo-
nent of the source appears very close to or coincident with it. More-
over the spectral index in these sources tend to increase away
from the galaxy, while in this case we have an indication of the
opposite. A future higher resolution observation at 5 GHz will
hopefully help to clarify this association: the detection of a flat
spectrum nuclear source will be an important indication in favour
of the association.

The situation when these sources are, according to Mills and
Hoskins (1977), considered components of a double is illustrated
in Fig. 5. They propose as identification the double galaxy indi-
cated with the letter B. This is the system Zw 108-67 of m,=14.6,
composed of an SO (the brighter of the two) and a S galaxy. This
system is well aligned with the two radio peaks, but it is twice as
far away from the western component than from the eastern one.
The galaxy itself is undetected, and one can place upper limits
of Sg10=7mly and S,,,5=>50 mJy. Another candidate to the
identification could be galaxy C, which is detected at 610 MHz
(but only at the 3¢ level, source 20W21). This galaxy is closer
to the radio centroid than the previous one, but is rather off the
line joining the components. Moreover its optical morphology
(a blue irregular) makes its association to an extended strong
radio source very improbable. There is no trace on the map of
radio-emission bridging the two components across a galaxy. To-
gether with the. great morphological dissimilarity between the
two sources, these considerations make the hypothesis that they
are related to each other and to a cluster galaxy rather doubtful.
It is interesting to note that the angular separation of the two

“components” is about 20’, which would correspond to a pro-
jected physical separation of 660 kpc at the distance of Hercules.
This source would therefore be one of the extremely few aligned
doubles of very large extent found in clusters (cf. Lari and Perola,
1977; Rudnick and Owen, 1977).

We conclude that the evidence in favour of the “double”
hypothesis is very weak, and that the two sources could well be
background. However, the identification of 1600+15W2 with
the bright E galaxy is rather suggestive, particularly because the
peculiar morphology of the source could find an explanation in
the interaction with the intracluster gas.

Concerning the RLF of the (E+SO) galaxies, the inclusion
of the strong source 1600+15W2 (log Ps;0=24.4) would make
the power distribution in A 2147 more similar to that in A 2151,
without significantly change the integral values. ’

VII. Conclusions

The results concerning the Radio Luminosity Function at 610
MHz of the galaxies in the Hercules supercluster (A 2151 and
A 2147) confirm at a somewhat higher statistical level those ob-
tained in Pap. II from the survey at 1415 MHz. Namely we find
that:

a) The elliptical and SO galaxies have a RLF which is con-
sistent with the one found in other clusters and in the general
field. The difference in the distribution of radio power between
A 2151 and A 2147 is not statistically significant, and would be
reduced if the identification of 1600+ 15W 2 with a bright ellip-
tical (object 4 in Fig. 5) were accepted. '

b) The spiral and irregular galaxies show a deficiency in their
radio power with respect both to the Coma Cluster (Paper III)
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and to a sample of nearby galaxies. This deficiency is especially
marked for the very bright galaxies (M, < —20). It is rather sur-
prising that this type of galaxies are weaker radio-emitters when
members of a spiral rich cluster like Hercules compared to those
belonging to Coma, a spiral poor cluster.

A general discussion of the radio properties of the spirals, in
connection with the morphological type of the cluster, and with
their intrinsic properties, like the Hubble type, the colour and
the presence of emission line in the optical spectra, is in prepara-
tion and will include the other clusters in this survey.
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