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Summary 

Identifications or suggested identifications are given for 138 extragalactic 
radio sources in the declination zone 0° to +20°. The identifications are based on a 
search of the Palomar Sky Survey plates in the positions of sources in the Parkes 
catalogue. Forty.two of the identifications are with quasi. stellar objects or 
suggested quasi-stellar objects and the remainder with galaxies. The radio luminosity 
distribution and a possible variation in the identification percentage with galactic 
latitude are discussed. 

1. INTRODUCTION 

The Parkes catalogue of radio sources for the declination zone 00 to +200 

(Day, Shimmins, Ekers, and Cole 1966, hereafter referred to as DSEC) lists the 
positions of 500 sources to an accuracy of about 1'·0 arc in both right ascension and 
declination. A search for optical objects in the positions of most of the sources in 
that section of the Parkes catalogue has now been made, and the results are given 
in the present paper. 

The search of an area 2' arc square centred on each source position was made 
initially on prints of the 48 in. Palomar Sky Survey. Previous work had shown that 
a large proportion of discrete radio sources could be identified with either galaxies 
(mainly ellipticals) or quasi-stellar objects. Identifications are suggested here when
ever a galaxy or an object with the characteristics of a quasi-stellar object occurs 
within the error rectangle. 

Hubble (1934) has estimated the mean density on the sky of galaxies falling 
within different ranges of apparent photographic magnitudes. These data have been 
used to compute the probability N m of finding a galaxy of apparent magnitude less 
than m in an area of 4 sq min arc chosen at random on a photographic plate, with the 
following result. 

For m < 17, N m = 0·0l; 

m < 18, N m = 0·04; 

m < 19, N m = 0·16. 

It follows that if the probability of finding a galaxy by chance within the error 
rectangle associated with a radio source is comparable with the rate at which 
"identifications" are reported, then considerable doubt must be cast on the validity 
of many of these identifications. It will be seen that, while very few of the suggested 
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identifications with galaxies brighter than 17m can be dismissed as chance coincidences, 
positions of higher accuracy are required to confirm identifications with fainter 
galaxies. Position measurements with typical errors of about 0',2 arc are available 
for a large number of the sources with flux densities greater than 1· 8 X 10-26 W m-2 

(c/s)-1 at 1410 Mc/s and for a few of the weaker sources, and these additional data 
have been used whenever applicable. 

Quasi-stellar objects have compact starlike images and are characterized by 
an unusual ultraviolet excess (Ryle and Sandage 1964). This ultraviolet excess is 
manifested on the Sky Survey prints by a brighter image on the "0" (blue) than 
on the "E" (red) print. Any appreciably "blue" stellar image that occurs within the 
error rectangle of a radio source may therefore be a quasi-stellar object, although 
photometric measurements are necessary to confirm such an identification.* 

Of the 96 galaxies and 42 quasi-stellar objects (referred to subsequently as 
QSO's) found in the present search, 48 objects have been reported previously, 
including eight objects that were first noted during the present work and which 
have already been investigated in more detail (Bolton et al. 1965; Wyndham 1965). 
References are given in Table 1 to what we believe to be the original reports of the 
48 identifications mentioned above, and we apologize for any accidental omissions 
from this list. References are also given to photometric, spectroscopic, or positional 
data. 

The present work is the largest systematic search for optical identifications of 
radio sources that has been carried out with a search area as small as 4 sq min arc. 
Some of the implications of the results are discussed in Section IV. 

II. THE SEARCH 

The search for identifications was carried out in a manner similar to that used 
for our earlier work on the declination zone -200 to -44 0 (Bolton, Clarke, and 
Ekers 1965). A transparent overlay drawn to the scale of the survey prints was 
prepared for each source. The positions of about six reference stars, taken from the 
Yale Photographic Catalogue, and an error rectangle centred on the position of the 
radio source, were marked on each overlay. 

The radio source positions were examined initially on prints of the 48 in. Sky 
Survey prints and subsequently on the original plates at the California Institute of 
Technology. Examination of the original plates has the advantage that the plates 
are free from flaws produced in the printing, and where plate flaws are suspected 
the reject plates can also be examined. Further, for faint objects, small colour 
differences can be detected with more certainty than on the prints. 

Other radio source position measurements, of higher accuracy than the DSEC 
survey position measurements, were taken into account whenever they existed. 
These included measurements made at Parkes with errors less than about 0'· 2 arc 
(Shimmins, Clarke, and Ekers, unpublished data; paper in preparation), measure
ments made at the California Institute of Technology (Read 1963; Fomalont et al. 

* The rate of chance coincidences of radio sources with objects with a blue colour excess 
is difficult to assess, but it is probably of the same order of magnitude as for galaxies. 
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1964; Wyndham and Read 1965), and measurements made at Cambridge (Clarke 
1964a). 

Magnitudes for the suggested identifications have been estimated in most cases 
from the 48 in. Sky Survey prints by comparison with the Sky Survey images of 
galaxies in the list given by Maltby, Matthews, and Moffet (1963) and of QSO's in 
the list given by Sandage (1965). Published magnitudes are available for many of the 
better-known identifications. For galaxies brighter than mpg = 15, magnitudes 
have been taken from the "Catalogue of Galaxies and Clusters of Galaxies" (Zwicky, 
Herzog, and Wild 1963) or from unpublished work on later sections of that catalogue 
(communicated personally by Dr. E. Herzog). For the relatively bright objects in 
unobscured regions, our estimates are probably accurate to a few tenths of a magni
tude, but for fainter objects and in low galactic latitudes, errors may be as high as 
one magnitude. Photoelectric" V" magnitudes are given for confirmed quasi-stellar 
objects and estimated for the remainder. 

Optical positions of all the new identifications have been estimated from the 
prints by use of transparent overlays. The accuracy of these estimates varies 
considerably. Near the centre of a plate of good image quality where the overlay 
fits the reference stars well, or where the identification is close to a reference star, 
the accuracy is probably better than 0'·1 arc. In less favourable cases, the errors 
could be two or three times as large. 

III. RESULTS 

(a) Classification of Optical Fields of Radio Sources 

A total of 498 positions was examined in the search, and the optical fields were 
classified according to the system of Harris and Roberts (1960), as follows. 

Class I: 44 fields contained galaxies brighter than mpg = 17. 

Class II: 52 fields contained galaxies fainter than mpg = 17. 

Class III: 320 fields contained only stars or faint galaxies (mpg > 19) that 
could not be distinguished easily from stars. Forty-two ofthese fields contained 
objects of abnormally blue colour. Some of these objects have already been 
confirmed as QSO's, and the rest are suggested as QSO's. 

Class III-IV: 50 fields contained stars only, but considerable obscuration was 
suspected. 

Class IV: 32 fields were so heavily obscured, or had such a high star density, 
that they could not be reliably classed in one of the above groups. 

(b) Tabular Data 

Details of the identified sources are summarized in Table l. 

Column 1 of the table contains the Parkes catalogue number. Where a source 
has been previously listed in the 3C catalogue (Edge et al. 1959), in the Revised 3C 
catalogue (Bennett 1962), or in the MSH catalogue (Mills, Slee, and Hill 1958), the 
appropriate 3C or MSH number is given in the final column. Columns 2 and 3 contain 
the optical position of the identified source. Where previously published optical 
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measurements are available, these are quoted and are indicated by the letter P in 
the Remarks column. In the case of double galaxies, the mean position is given. 
The type of optical object is indicated in column 6. The classification db. (for dumb
bell or close pair of galaxies) and the subdivision of ellipticals into E and D (the latter 
indicating a diffuse outer envelope) follows that of Matthews, Morgan, and Schmidt 
(1964). However, the old classification SO is retained for spherical systems where 
there is a suggestion of a dust lane. S indicates a spiral galaxy, and g is used for 
galaxies too faint for reliable classification. QSO is used to indicate a quasi-stellar 
object that has been confirmed by photoelectric observation of an ultraviolet excess, 
while QSO? indicates a suggested new identification. The photographic magnitudes, 
either estimated or previously published as explained in Section II, are given in 
column 7. Visual magnitudes are quoted for quasi-stellar objects. 

The radio data are taken from the DSEC catalogue; flux densities at 1410 Mc/s 
are given in column 4, and the mean spectral indices in the frequency range 400-
2650 Mc/s, where available, are given in column 5. 

The new galactic coordinates of the radio sources are given in columns 8 and 9. 

For sources that have been previously identified, the number in column 10 
refers to the original publication (see footnotes to table). The symbols IX (right 
ascension) and 0 (declination) in column 11 indicate that accurate positions due to 
Shimmins, Clarke, and Ekers were available (see Section II, paragraph 3). 

Additional points of interest (e.g. radio polarization or peculiar radio spectrum) 
are noted in column 12. "Scintillates" indicates that a source shows radio scintillations 
that are believed to be of interplanetary origin and are an indication of very small 
angular size. The scintillation data are provided by unpublished observations of 
R. D. Ekers. Not all the sources listed have been studied for scintillations, and the 
absence of "scintillates" should not be taken to imply that a source does not 
scintillate. 

(c) Finding Charts 

Plates 1-14 contain finding charts for 109 of the identified objects that are 
fainter than 16m , and they include previously identified sources. The charts were 
prepared by photography of the Sky Survey prints, and contrast has been deliberately 
increased over that of the original prints. In general, the "E", or red, print has 
been used for galaxies and the "0", or blue, print for QSO's. In some cases, the 
finding charts are slightly off centre of the identification in order either to include a 
bright star within the area or to avoid flaws in the original prints. 

IV. DISCUSSION 

(a) Radio Luminosity of Ident~fied Sources 

Red shifts and distance measurements are not yet available for most of the 
. galaxies and quasi-stellar objects that have been tentatively identified with radio 
sources, so that no direct measurement of absolute optical and radio magnitude is 
possible. Existing data have shown, however, that the mean absolute photographic 
magnitude Mpg of those galaxies that have had red shifts measured lies close to 
-21, and there is dispersion of considerably less than one magnitude about this 
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mean. If this value is adopted for all the galaxies in the present sample, then an 
estimate can be obtained for the absolute radio magnitude Mr or the radio luminosity 
P for each source. 

N :J 

'Of 
N 1: 

IZ:> 

~ 
-2 -6 -10 -14 -18 

I 
-26 

I 
-30 

I 
-34 

I 
-38 

~ 
-2 -6 -10 -14 18 

Mr I I I I 
-26 -30 -34 -38 

I A I I 
-2 -6 -10 -14 -18 

Mr I I I I 
-26 -30 -34 -38 

(il 

00 

mr-mpg 

(iii) 

mr -mpg 

Fig. I.-Luminosity distributions. (i) Model luminosity 
distribution for radio galaxies; the lower scale is absolute 
radio magnitude assuming all the galaxies have an absolute 
photographic magnitude of -21; (ii) distribution of identi
fied galaxies as a function of mr-mpg; (iii) distribution of 
identified quasi-stellar objects as a function of mr-mpg; the 
lower scale is absolute radio magnitude assuming all the 
objects have an absolute photographic magnitude of -24. 

Neglecting differential effects of red shifts on radio and optical magnitudes, 
we have: 

or 

Here we define mr, the apparent radio magnitude, by setting mr = 10·5 for a flux 
density of 10-26 W m-2 (C/S)-l at 1410 Mc/s. This corresponds closely to the original 

Plates l-l4.-Finding charts for 109 of the identified sources. The object with which the source 
is identified is shown by short bars. The scale is 5 mm = l' arc. North-east is at the top 

left-hand corner. 
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definition by Hanbury Brown and Hazard (1951) at 160 Mc/s when allowance is made 
for a mean spectral index of -0·8. 

From a detailed study of all the sources in the Revised 3C catalogue that have 
flux densities greater than 20x 10-26 W m-2 (C/S)-1 and that are not in low galactic 
latitudes, Clarke (1964b) has found that between 25% and 35% are probably quasi
stellar objects. For the remainder, which are presumably galaxies, a simple form 
of luminosity distribution was proposed. This luminosity distribution, which is 
shown in Figure l(i), is also compatible with the distribution of log P derived directly 
using measured red shifts (see, for example, Ryle 1963). 

From this model luminosity distribution, we may calculate the number of 
identifications to be expected with galaxies for the sources in the DSEC catalogue, 
again assuming that 30% of the total number are quasi-stellar objects. Of the 418 
objects in field classes I, II, and III, i.e. unobscured regions, it is estimated that 
51 would be identified 'with galaxies brighter than 17m . This is in fair agreement with 
the observed number of 44, in view of the small number of identifications used for the 
original model and the statistical uncertainties in the observed number. It was shown 
earlier that, on the basis of positions with I' arc accuracy, there was a probability 
of 0·01 of making a false identification with'a galaxy brighter than 17m , so out of 
418 objects four such misidentifications could be expected. The actual number is 
unlikely to be as high as this, since most of the identifications are supported by 
more precise positions than those of the DSEC catalogue. 

Values of mr-mpg have been calculated for all the proposed identifications 
with galaxies, and these are shown as a histogram in Figure l(ii). If sources have 
been incorrectly identified, the value of mr-mpg is an upper limit to the true value, 
since identifications have generally been made with the brightest likely object in 
the field. The model luminosity distribution used in the comparison described above 
is shown superposed on Figure l(ii), and it is seen to be consistent with the present 
observations for small values of Mr or intrinsically low radio luminosity. 

Figure l(iii) shows the apparent luminosity distribution for the quasi-stellar 
objects, assuming that their absolute photographic magnitudes are -24. However, 
this distribution will almost certainly be altered when red shifts are known. The 
range of M pg for these objects is certainly several magnitudes, moreover some of them 
are known to vary, thus their radio luminosities can only be determined reliably 
from the red shins. 

(b) Distribution of Identifications as a Function of Galactic Latitude 

An investigation of the number of identifications occurring at different galactic 
latitudes disclosed an unexpected difference between the percentage of identifications 
obtained at high and intermediate latitudes. The results are summarized in Table 2 
and have been separated into two groups for sources with flux densities respectively 
greater than and less than 1·5 X 10-26 W m-2 (C/S)-1 at 1410 Mc/s, 

The number of QSO identifications is too small to show a significant variation 
with galactic latitude, but the distribution of the percentage of identifications with 
galaxies, at galactic latitudes greater than 20°, does appear to differ significantly 
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from that expected for a random isotropic distribution (statistically significant 
at the 2% level). Sources in the range [bIl [ = 40°-60° and [bIl[ = 20°-40° are 
approximately equally distributed between positive and negative galactic latitudes, 
and the percentage of identifications does not differ significantly between the two 
hemispheres. However, almost all the sources at galactic latitudes [bIl[ > 60° lie to 

TABLE 2 

DISTRIBUTION WITH GALACTIC LATITUDE OF IDENTIFICATIONS BBTWEEN 0° AND +20° DF;CLINATION 
------------~- -"-- - ._---_. 

Range of Identified Sources 
Not Percentage 

Percentage 
Galactic Total Identified 
Latitude QSO's Galaxies 

Identified Identified 
with Galaxies 

I 
I 

Strong sources, S > 1· 5 X 10-26 W m-2 (C/S)-l 

60°-90° 6 17 
I 

9 32 
I 

72 53 
40°-60° 9 20 37 66 44 30 
20°_40° 9 17 

I 
29 55 

I 
47 31 

10°_20° 3 14 18 22 17 
Weak sources, S < 1'5 X 10-26 W m-2 (C/8)-1 

60°-90° 6 12 22 40 45 30 
40°-60° 7 12 97 116 16 10 
20°-40° 5 13 96 114 16 11 
10°_20° 0 0 62 62 0 0 

-~-----.--.-

the north of +60 0 and between III = 230° and 10°, which is in the same direction as 
the Virgo cluster. Two of the identifications in this region are with galaxies of 
mpg < 10 and four with galaxies where 10 < mpg < 14. If these six identifications 
with relatively nearby galaxies are omitted from the analysis, the excess number of 
identifications at high galactic latitudes is barely significant. 

TABLE 3 

DISTRIBUTION WITH GALACTIC LATITUDE OF IDENTIFICATIONS BETWEBN - 20° AND - 44 n 

DECLINATION 

Range of Identified Sources 
Not Percentage I Percentage 

Galactic Total Identified 
Latitude QSO's Galaxies 

Identified Identified 
with Galaxies 

>60° 5 9 39 53 26 17 
40°-60° 2 7 23 32 28 22 
20°-40° 24 59 84 30 29 

--------. -"- .------. -_-__ 0 __ -

These results may be compared with the distribution of identifications obtained 
in the declination zone -20° to _44° (Bolton, Clarke, and Ekers 1965), which is 
summarized in Table 3. This latter distribution is again not statistically significantly 
different from that expected for a random isotropic distribution of identifications. 

We conclude from the present limited samples of identifications that there is 
no evidence for galactic obscuration affecting the percen.tage of identified sources 
for latitudes grea,ter than 20°. 
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