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Summary 

A catalogue of 247 radio sources between declinations -60° and _90° is 
presented. In the zone -60° to -75°, the sources were selected from an initial 
finding survey at 408 Mcls, while from _75° to _90° a 1410 Mcls survey was carried 
out. The survey covers an area of 0·8 steradians, omitting the region near the 
galactic plane. Flux densities determined from source measurements at 408, 14lO, and 
2650 Mcls are presented together with suggested optical identifications, radio 
spectra, and preliminary polarization information. 

I. INTRODUCTION 

This paper reports the results of a survey of radio sources in the declination 
zone -60° to _90° carried out at the Australian National Radio Astronomy 
Observatory at Parkes, New South Wales, as part of the source survey program. 
The results of the survey for the declination zone _20° to -60° have been reported 
by Bolton, Gardner, and Mackey (1964), hereafter referred to as BGM. 

The zone reported in the present catalogue was divided into two zones for the 
purpose of the observations, namely declinations -60° to _75° and declinations 
_75° to _90°. The region of the Magellanic Clouds was surveyed by D. S. Mathewson 
of this laboratory and we are indebted to him for information on sources in this 
region. For further information concerning Magellanic Cloud sources the reader is 
referred to Mathewson and Healey (1964a, 1964b). Portions of the regions near the 
galactic plane were not covered in this survey since it was designed primarily for the 
detection of extragalactic sources. 

The initial survey and the subsequent measurements at 408, 1410, and 2650 Mc/s 
are described. Measurements in the investigation consist of fluxes and positions for 
all sources, and where possible such parameters as polarization and spectra. Optical 
identifications are suggested for several of the sources. South of declination -75°, 
it is thought that the present catalogue is substantially complete for sources greater 
than 0·5 flux units at 1410 Mc/s (1 flux unit (f.u.) = 10-26 W m-2 (C/S)-1). From 
_75° to -60° declination, the catalogue is complete for sources greater than 1 f.u. 
at 1410 Mc/s. 

Since the limit of flux density investigated in this survey was lower than that 
ofBGM, the log N-Iog S curve for the lower flux density sources is compared with the 
results of BGM. 
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II. THE FINDING SURVEY 

(a) Declinations _60° to _75° 

In this zone the survey techniques were the same as reported by BGM except 
that declination scans were made at intervals of 4m of right ascension. Therefore the 
scans were 30' of arc apart at -60° declination and 15'·5 apart at _75° declination. 

The finding survey in this zone was carried out at 408 Mc/s (,...., 75 cm wave­
length), where the beam of the 21O-ft telescope is 48' of arc. The receiver used is a 
switched radiometer using a conventional crystal mixer with no r.f. amplification 
(Mackey 1964). The survey was not extended into regions near the plane of the 
Galaxy where the level of the background was high and confusion due to galactic 
structure likely. The criteria for selection of sources were the same as those adopted 
by BGM, i.e. sources with flux densities greater than 4 f.u. at 408 Mc/s which did 
not noticeably broaden the 48' beam of the telescope were selected for further study. 

(b) Declinations _75° to _90° 

In this circumpolar zone, the finding survey was carried out using both the 
408 and 1410 Mc/s receivers, a dual-feed system allowing simultaneous operation at 
the two frequencies. At 1410 Mc/s (,...., 21 cm wavelength) the beamwidth of the 
telescope is 14' of arc. The parametric-type receiver used (Gardner and Milne 1963) 
has a system temperature of approximately 1000 K. With a 10 Mc/s bandwidth and 
the output time constant of 1 s used in the finding survey, the peak-to-peak noise 
observed was 0·2 degK of aerial temperature. 

The observations were made by scanning the region in declination at fixed 
values of right ascension. Because of the rapid convergence of lines of constant right 
ascension on the celestial sphere in this region of the sky, scans were made from -75° 
to -83° declination at intervals of 3m of right ascension, and from -82° to -87° 
declination at intervals of 6m of right ascension. The region _87° to the pole was sur­
veyed in altazimuth coordinates, scanning in azimuth at 10' intervals of zenith angle. 

Scans were made at drive rates of approximately 2° /min, allowing about 7 s 
for passage of the 14' beam over a point. At the frequency of 1410 Mc/s the survey 
was sensitivity limited, nevertheless a source of O·15°K (approximately 0·2 f.u.) 
was detected if the beam passed directly over it. This detection limit rises to ap­
proximately O· 25°K for a source lying between two scans at their maximum separa­
tion of 11"6 at declination _75°. 

It is thought that nearly all point sources greater than 0·5 f.u. at 1410 Mc/s 
in the region have been detected. All the sources discovered in this region by the 
finding survey were later investigated again at 1410 Mc/s for more accurate flux and 
position determinations. 

III. MEASUREMENTS 

(a) 1410 Mc/s 

All sources selected from the finding survey were observed at 1410 Mc/s for 
position, size, and flux measurements. The observational procedure used follows BGM. 
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Some sources selected from the 408 Mc/s finding survey were rejected when 
1410 Mc/s observations showed them to be due to background variations. Of the 
probable sources located in the 1410 Mc/s finding survey, some 35% were found to 
be too weak for accurate measurements to be made and have been omitted from the 
catalogue. 

(b) 2650 Mc/s 

All sources greater than 1·5 f.u. at 1410 Mc/s were observed at 2650 Mc/s 
(--II cm wavelength). The receiver used is a degenerate parametric switched radio­
meter (Cooper, Cousins, and Gruner 1964) with an overall system temperature of 
approximately 1500 K and an Lf. bandwidth of 40 Mc/s. Peak-to-peak noise fluctua­
tions are about 0 ·15 degK with a 2 s output time constant. The selection requirements 
set for sources from the 1410 Mc/s observations meant that most of the sources 
measured at 2650 Mc/s had aerial temperatures greater than 0·4°K. 

TABLE 1 
ESTIMATES OF AVERAGE ERROR 

Frequeney 
(Me/s) 

408 (75 em) 
1410 (21 em) 
2650 (11 em) 

R.M.S. Error 

±1·2 f.u. ±5% 
±0·2 f.u. ±6% 
±0·15 f.u. ±7% 

IV. DETERMINATION OF FLux DENSITIES 

The procedure of BGM was followed in establishing the scales of flux density 
from observations of sources whose flux values had been given by Conway, Kellermann, 
and Long (1963). Standard sources were observed on most nights for a determination 
of flux-density scale factors, which varied slightly with different aerial feeds and 
different cables used between the feed and the receiver input. Where necessary, 
corrections were made to flux-density values on the basis of these daily observations. 

In determining the accuracy with which the flux measurements can be made 
there are two types of possible error which have to be considered. The first type is 
an error proportional to the flux density of the source. This can be due to an error 
in the flux scale factors adopted, unnoticed non-linearities in the system, partial 
resolution of the sources, or polarization of the source radiation. For extended or 
resolved sources, given flux densities determined from peak values of aerial tem­
perature observed represent a lower limit of flux density. Sources of up to 3' of arc 
diameter whose broadening effect on the beam was not measurable may have had their 
fluxes underestimated correspondingly by up to 16%. On the average, the errors 
due to unknown polarization of the sources are not expected to amount to more than 
2% (this applies only to 1410 and 2650 Mc/s measurements, not to 408 Mc/s where 
the effect is negligible). 

The second type of error is fixed in flux value, being due to noise fluctuations 
on the records and, in some cases (particularly at 408 Mc/s), to background confusion. 
Peak errors due to noise amount to 0·1 f.u. at 1410 and 2650 Mc/s, and 0·5f.u. at 
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408 Mc/s. At 408 Mc/s effects of confusion could contribute an additional peak error 
of 1·0 f.u. in unpolarized areas, and in regions where the background is appreciably 
polarized (see Mathewson and Milne 1964) the errors could exceed 2 f.u. 

The reader is referred to BGM for a more complete discussion of the errors. 
Table 1, p. 331, shows estimates of average error which apply to this survey. 

V. POSITION MEASUREMENTS 

The pointing errors of the 21O-ft telescope have been discussed by BGM. The 
corrections mentioned there have been applied to all sources in the declination zone 
_60° to _75°. It is thought that 90% of the positions given for this zone are correct 
to within 1',5 of arc. This has been estimated from internal consistency of several 
measurements of the same sources and in a few cases on new optical identifications 
in the region (see Section IX). 

In the declination zone -75° to -90° position corrections were not applied. 
In these cases, inadequate knowledge of corrections leaves an uncertainty of approx­
imately 2',0 of arc in positions. 

In the entire region of this survey, mean precession only was applied to the 
positions in obtaining 1950·0 coordinates from the positions observed in 1962-63. 
Effects due to nutation, aberration, and second-order precession were neglected and 
are additional sources of error in the positions given. 

Considering the above sources of error we believe that r.m.s. errors in the 
catalogue positions do not exceed 1',5 of arc in the region -~Oo to _75°, and 2'·5 for 
sources from declination _75° to _90°. 

VI. CATALOGUE 

The Source Catalogue (Table 2) is largely self-explanatory, additional in­
formation concerning its use being given below. 

Column 1.-Catalogue number. 

Column8 2 and 3.-Rightascension and declination for epoch 1950·0. 

Column8 4 and 5.-Annual precession in right ascension (seconds of time) and de­
clination (seconds of arc). 

Columna 6, 7, 8, and 9.-Flux densities at the indicated wavelengths, in units of 
10-26 W m-2 (c/S)-I. 

Columna 10, 11, and 12.-Spectral indices for indicated wavelength ranges. 

Column 13.-Remarks and miscellaneous data. Abbreviations used are as follows. 
741, 74II, 74 III, 74 IV : Harris-Roberts field class of identification on 
Mount Stromlo 74-in. plate; I, the error rectangle about the source 
position includes a galaxy brighter than mpg = 17; II, the area in-
cludes a galaxy or galaxies for which 17 < mpg < 19·5; III, the area 
includes no galaxies above the plate limit; IV, the field is heavily 
obscured. 
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ext. = extended; P = polarized at 1410 Mc/s, percentage indicated; 
conf. = confused; N = north; S = south; EW = east-west angular 
size. 

Columns 14 and 15.-New galactic coordinates. 

Column 16.-MSH catalogue number, where applicable. (MSH = 85 Mc/s survey 
by Mills, Slee, and Hill (1961).) 

VII. POLARIZATION 

All sources greater than 2 f.u. at 1410 Mc/s were observed for linear polarization 
by F. F. Gardner and R. D. Davies as part of an investigation of the polarization in 
radio sources. A full account of this investigation will be published separately. The 
present catalogue includes the percentage polarization for sources with measured 
polarization at 1410 Mc/s. 

VIII. SPECTRA OF SOURCES 

The spectral index has been derived from S oc I-a, where 0( is the spectral index. 
This definition avoids the continual use of a minus sign with each spectral index. 

Positive curvature: 

Negative curvature: 

Positive curvature with 
maximum in observed 
frequency range: 

TABLE 3 

SOURCES WITH CURVED SPECTRA 

0013-63 
0506-61 
2028-73 

0210-62 

(0252-71?) 

0202-76 
1151-69 

(0408-65?) 

0410-75 
1814-63 

1934-63 

Figure 1 shows the distribution of spectral indices taken from columns 10, 11, 
and 12 of the source catalogue. The number of sources for which spectral indices 
could be derived was less than half the number in the catalogue. This was due to 
two factors: (i) MSH fluxes are available for only 47 sources in the region; (ii) many 
of the sources have flux densities between 0·5 and 1 f.u. at 1410 Mc/s, and are there­
fore too weak in most cases for observation at 2650 Mc/s and likely to be below the 
confusion limit at 408 Mc/s. Spectral indices are not indicated in the catalogue when 
flux values are questioned. Figure 1 shows that spectra over the frequency range 
1410-2650 Mc/s are appreciably steeper than at lower frequencies. The median 
spectral index for this range is 0'97, whereas for the 408-1410 Mc/s range it is 0·88, 
and for the 85--408 Mc/s range it is 0·82. This effect has been noted by previous 
authors (e.g. BGM). 

In addition to sources with approximate power law spectra, some source 
spectra exhibit curvature. Several such cases of curvature were noted in the sources 
in the present catalogue and are classified in Table 3. 
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IX. IDENTIFIOATIONS 

Positions of all the sources reported have been compared with those of NGC 
and Ie objects and with the objects reported by de Vaucouleurs (1956) (with the ex­
ception of the areas of the Magellanic Clouds, in which case the reader is referred to 
radio studies of the clouds themselves, e.g. Mathewson and Healey (1964b». For 
four sources, approximate positional agreement has been noted and they are con­
sidered as possible identifications. Further optical study of these sources has not 
been undertaken, and they are considered as identifications on the strength of posi­
tional agreement only. 

Positions of 13 additional sources from the catalogue were observed with the 
Mount Stromlo 74-in. reflector, and were classified according to the field in the error 
rectangle of the radio position (Harris and Roberts 1960). From the sources with 
Class I or Class II fields, six are considered probable identifications. Table 4 lists 
suggested identifications; types and magnitudes for the objects listed are tentative. 
Further information on these objects has been compiled by Westerlund and Smith 
(unpublished data). 

20 

In 
~ lS 
0: 

~ ... 
o 10 

ffi 
m 
:; 
::J 
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FREQUENCY 
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408-85 Moo 
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RANGE 

2650-1410 MCIS 

Fig. I.-Histograms of the distribution of spectral indices. 

X. SOUROE COUNTS 

It is thought that the present catalogue is substantially complete south of 
declination _75° for sources with flux density greater than 0·5 f.u. at 1410 Mc/s. 
Because different observing techniques were used north and south of declination 
_75° (see Section II), some sources with flux density between 0·5 and 1 f.u. at 
14lO Mc/s have been omitted from the catalogue north of declination _75°. 

The limited number of sources available makes it difficult to derive precise 
conclusions about the number-count--flux-density distribution, but it is of interest to 
see whether the distribution differs significantly from that obtained from previous 
work, most of which has been done at lower frequencies. 

Figure 2 shows the 135 sources in the 0·27 steradians south of declination _75° 
plotted in the conventional manner as a log N-Iog S distribution, in which N is the 
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number of sources observed with flux density greater than S. When allowance is 
made for the statistical error due to the small number of sources with flux density 
greater than 2 f.u., and for uncertainty in the flux-density determination of the 

T,wLE 4 
SUGGESTED OPTICAL IDENTIFICATIONS 

Catalogue Radio Position Optical Position 
Remarks 

Number R.A. Dec. R.A. Dec. 

h ms 0 , 
h m S 

0 , II 

0251-67 02 51 11 -67 30·4 02 51 32 -67 28 57 cluster 17-18m 
(Westerlund-Smith) 

0410-75 04 10 11 -75 15·3 04 09 36·4 -75 15 42 E4'16m} two bright mem-
0409 57·9 -75 1406 SO 15m bers of cluster 

(Westerlund-Smith) 

1655-77 16 55 13 -77 37·1 16 55 12·4 -77 37 33 EO 16·~m 
(Westerlund-Smith) 

1716-80 17 16 22 -80 02·2 17 15 30 -8001·3 IC4640 
(IC) 

1746-64 17 46 12 -6458·5 17 46 12 -6458 IC 4662 A 
(de Vaucouleurs) 

1934-63 19 34 49 -63 49·2 19 84 48·3 -63 49 37 stellar image with 
(Ekers) jet(?) 18m 

2028-73 20 28 26 -73 14·5 20 30 15 -73 06·3 IC 5016 
(IC) 

2041-60 20 41 19 -6029·7 20 41 12·7 -60 30 20 E 17+m 
(Westerlund-Smith) 

2152-69 21 52 58 -69 55·8 21 52 57·8 -69 55 40 E3 14m 
(Westerlund-Smith) 

2238-61 22 38 58 -61 00·4 22 38 18 -61 01·1 IC 5238 
(IC) 

2356-61 23 56 29 -61 12·3 23 56 29·3 -61 11 '40 E3 16m 
(Westerlund-Smith) 

weaker sources, it is found that the distribution can be fitted by a straight line which 
has a slope of -1·7±0·3. This value does not differ significantly from that obtained 
in earlier more extensive measurements (BGM, and Scott and Ryle 1961). This slope 
appears to be maintained down to flux density values of 0·5 f.u. at 1410 Mc/s. 
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XI. COMPARISON WITH MSH SOURCES 

The survey of sources at 85 Mc/s by Mills, Slee, and Hill (1961) extends as far 
south as declination -80°. However, in the zone which overlaps the present survey, 
_60° to _80°, the MSH survey suffers from difficulty with spurious responses due 
to side lobes and foreshortening of the north-south arm of the cross-type aerial used. 
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Fig. 2.-Source count for the declination zone _750 to -90°. 
Error bars in the ordinate indicate statistical error in the number 
of sources, while error bars in the abscissa are average flux-

density errors. 

The MSH survey reports 77 sources in the area common to the two surveys, 
9 of which are listed as uncertain, possibly due to background variations or side­
lobe effects. The present survey lists 40 sources considered to be the same as sources 
detected by MSH, and another 7 which are considered probable but are questioned 
on the basis of poor positional agreement. Those sources that are questionable are 
marked by a (?) after the MSH number in Column 16 of the present catalogue. 

Figure 3 shows the differences between the MSH positions and positions 
given in the present catalogue. The median difference is 12' of arc (6' ·7 of arc in right 
ascension and 9',8 of arc in declination). On an overall average, MSH positions 
tend to have an earlier right ascension (by 3' of arc) and a more northerly declination 
(by 3' of arc) than the source positions determined in the present survey. 
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Searches were undertaken in the region of 15 of the remaining 30 MSH sources 
and, in an area of 10 square, centred on the MSH position, disclosed nothing greater 
than the level set for the finding survey at 408 Mc/s. 

Background irregularities at 408 Mc/s were noted near the positions of 07 -61, 
15-71, and 16-63. 

Weak sources « 1 f.u. at 1410 Mc/s) were found within 15' of the positions of 
02-61,02-62,21-63,22-61, and 23-61. The region of 17-61 is a complex of 
extended weak sources at 1410 Mc/s. 

-.Wl-.. ____ -1 .... 0'_· __ -=-_-+-___ :---+--'1<:1-----+--120• (1" 

.-2d 

. . . 
. 

•• a 

Fig. 3.-Differences between MSH positions and positions of the 
present catalogue, measured at 1410 Mc/s. Six sources lie outside 

the limits of the diagram. 
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