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Abstract

The +4° declination zone of the Parkes 2700 MHz survey has been resurveyed with the Parkes
64 m telescope. The catalogue of 822 sources is complete to a limiting flux density of 0-25Jy
(= 0-25x10-2¢ Wm~2Hz™!), substantially lower than the original (1971) survey. All but one
of the sources have flux density measurements at 5000 MHz. Appreciable changes in flux density
have been found for 20% of the sources in the original survey and 59 new optical identifications
have been made.

1. Introduction

Over the past decade all of the southern sky away from the galactic plane
(15] > 10°) has been surveyed at 2700 MHz with the Parkes radio telescope. This
survey, initiated in 1967 at a frequency which was, at the time, far higher than that
of previous radio surveys, has provided a comprehensive and reliable catalogue
of southern extragalactic radio sources. Part of the stimulus for the 2700 MHz
survey came from the discovery amongst sources in the Parkes 408 MHz survey
of a population of flat-spectrum objects. These sources began to appear near the
2 Jy limit of the 408 MHz survey and the identifications made were almost exclusively
with quasars.

The 2700 MHz survey revealed from the first (Wall et al. 1971; referred to as
WSM) a substantial population of ‘flat-spectrum’ radio sources and a higher fraction
of identifications with quasars than had been found in earlier low-frequency surveys.
An unexpected finding from the first part of the survey was a significantly flatter
source count curve than that found for the lower-frequency surveys (Shimmins et al.
1968); the population of flat-spectrum sources appeared to be responsible for this
- flattening of the source counts.

Over the 10 years following the publication of WSM, many of these sources
have been found to vary on time scales of years or even less. The presence of this
variability implies that the contents of a flux-density-limited survey will change
with time as different sources vary in intensity, some sources dropping below the
limit as others increase above the limit. This phenomenon introduces a time depen-
dence into the investigations outlined above. Furthermore, if only flux density
remeasurements are made at a later epoch of sources in an existing survey, biased
results are obtained. This follows, since the form of the source counts implies that
the number of strong sources which decrease in flux density is smaller than the
number of faint sources which increase in flux density.
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We have sought to investigate the effects of such time dependence by resurveying
the area covered by the original +4° declination zone at 2700 MHz. The new survey
has been made to a deeper level than the WSM survey and all but one of the detected
sources have flux density measurements at 5000 MHz.

In this paper we present the results of the new survey; companion papers will
describe the new identification work (Savage er al. 1982) and a study of source
variability (Wright ef al., in preparation).

2. Survey

The first observations for the resurvey were made in July 1976 when right ascensions
14" and 22" were surveyed. Right ascension 08" was surveyed in October 1976
and 10" and 11" in January 1977. It was not until February 1980 that most of the
rest of the zone was surveyed. The exceptions were 21" and 23" which were too
close to the Sun for complete coverage, but these were completed in August 1980.
The survey was made using the 2700 MHz correlation receiver, the output of which
represented the difference in signals received from an on-axis feed and a feed 18’ arc
off axis, maintained at position angle 270°. Each feed produced a beam on the sky
of half-power width 8’ arc. Scans were made in declination at a rate of 24°min™*,
Three scans were made at intervals of 6’ arc in right ascension followed by a jump
of 24’ arc. The intervening scans were covered by the off-axis beam. The data were
automatically reduced on-line in the telescope’s PDP-9 computer to produce an
on-line source listing and source map. After each area was completed, data from
adjacent scans were combined to give an improved value of source position and
flux density. Full details of the reduction program and a sample map can be found
in Bolton and Butler (1975). _

In order to achieve the intended completeness level of 0-25 Jy, all sources with
flux densities >0-18 Jy, as estimated in the survey reduction program, were listed
for further measurement of flux density and position. To this list were added all
other known sources within the area with S;; > 0-18 Jy from the computer listing
of the Parkes catalogue. Most of the sources added were from the 4C catalogue
investigated by Wall (1971).

3. Positions and Flux Density Measurements

Accurate positions and flux densities for most sources were first determined at
5000 MHz, where effects of confusion are substantially lower than at 2700 MHz
because of the smaller half-power beam width of 4’ arc. Further details of instru-
mentation can be found in Wall ez al. (1976). The position measurements consisted
of a pair of scans, forward and reverse in right ascension on the listed value for the
source declination, followed by a pair of scans in declination at the measured right
ascension. Where the measured declination from the second scan pair differed by
more than 1’ arc from the set declination of the first scan pair, a further scan pair
was made in right ascension at the measured declination. A fuller description of the
on-line analysis program can be found in Shimmins (1971). This program has now
been modified to provide computer control of the telescope. All the observations
were made within +20 min in hour angle of the meridian and at least one position
calibrator was measured each hour. For calibration, 61 sources were chosen whose
positions had been measured interferometrically by McEwan et al. (1975) in the
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+4° zone. These had flat spectra and flux densities greater than 0-7 Jy. At the end
of each observing run global pointing corrections for the telescope were determined
from the calibrator observations and applied to all the sources. For the calibrator
sources the ‘true’—‘corrected’ positions were plotted as a function of time and, where
these differences showed systematic variations, a second ‘trim’ was applied to the
unknown source positions. For the June 1980 observations at 5000 MHz the
displacements from the mean curve used for the second-stage trimming were less
than 3” arc. This result was however exceptional and, in general, telescope pointing
resulted in an r.m.s. error of about 4” arc. To this must be added the effects of
receiver noise and confusion which increased rapidly with decreasing flux density.
Our estimate of the overall position error is 4{1 +(0-6/S)*}* seconds of arc in both
coordinates, where S is the flux density in Jy.

The peak flux density of each source was obtained from the amplitudes of the
smoothed scans at both 2700 and 5000 MHz. If the flux density of any source
exceeded 0-3 Jy at either frequency, the position angle of the linearly polarized feed
was changed by 90° between the scan pairs. An observation of PKS0915—11
(Hydra A) was made each day as the prime flux density calibrator. The flux density
scale is the same as WSM with assumed values of S,700 =23-5Jy and
Ss000 = 13:05 Jy for the peak flux density of Hydra A. Our estimate of the r.m.s.
errors in flux density for the sources in the catalogue is +{(0-02)>+(0-035)*}* Jy
at both frequencies. The first term represents the error resulting from the effects of
noise and confusion and the second a scaling error.

The epochs of the flux density measurements at both 5000 and 2700 MHz were as
follows:

Run 1, 2700 MHz February 1980; Run 4, 5000 MHz October 1980;
Run 2, 5000 MHz June 1980; Run 5, 2700 MHz December 1980;
Run 3, 2700 MHz July 1980; Run 6, 5000 MHz February 1981.

In run 1 some of the newly discovered sources were positioned at 2700 MHz
and their flux density measurements obtained from the positioning program. In
runs 3 and 5 the 2700 MHz flux densities were measured using an on-on or ‘noddy’
technique, in which the difference in receiver output was measured between the
telescope positioned with the on-axis beam on the source and then the off-axis beam
on the source. (The signs of the source signal are opposite in the correlation output.)
The position angle of the offset feed was maintained so as to keep the two beams at
the same zenith angle and the telescope motion was only in azimuth in order to
eliminate second-order effects of the variation of gain with zenith angle.

4. Catalogue

Table 1 is the catalogue of 822 sources for the present survey. Column 1 gives
the source name in standard IAU/Parkes nomenclature. Columns 2 and 3 give
the right ascension and declination as measured in this resurvey except that accurately
known coordinates of well-established optical identifications are used where available
and the interferometer positions of McEwan et al. (1975) are given for most strong
unidentified sources. Column 4 gives the run number for the 2700 and 5000 MHz
flux density measurements, the epochs of which have been given in the previous
section. Columns 5 and 6 are the flux densities at 2700 and 5000 MHz. Identification
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or field classification is given in column 7. Identifications for the 59 new sources in
this catalogue are taken from the following paper (Savage et al. 1982, present issue
pp. 207-19). The abbreviations for the identifications are (a question mark indicates
a suggested identification): D, DB, E, E0, N, S and SO, galaxies of the corresponding
type; G, a galaxy too faint to classify; Q, a confirmed quasi-stellar object; IIIS, a
star of normal colour in good agreement with the radio position; BLC, a BL Lac
type object. Abbreviations for the field classifications are: II, one or more galaxies
within the area covered by the possible position errors of the source; III, one or
more stars of normal colour within the error box; IITA, as for I1I but with obscuration
possibly present; IIIB, blank; IIIC, a very crowded star field; IV, the region is
obscured; HII, HII regions. Magnitudes for the identifications are given in column 8
and were estimated to 0™-5 from the Palomar Sky Survey prints. Columns 9-13
contain the following additional data. Column 9 contains a reference to the radio
survey in which the source was first detected; abbreviations are: SA, selected areas
of WSM; 4C, 4C sources first measured at 2700 MHz by Wall (1971); PKS, Parkes
408 MHz sources (Ekers 1969) but not listed by WSM; PS, previously seen on WSM
survey records at ~0-25 Jy but not catalogued by them. Column 10 refers to the
footnotes giving references for finding charts. Column 11 lists redshifts where
known. Column 12 gives 3C (Bennett 1962) or 4C (Gower et al. 1967) catalogue
numbers. Column 13 contains other more general remarks, including references to
footnotes on individual sources. Abbreviations used in this column are: OA, outside
nominal area of survey; OPT VAR, an optical variable; OPT VAR?, a possible
optical variable; RAD VAR, a radio variable; RAD VAR!, flux changes of the
order of a factor of two have been detected; CONF W, confused with; M,
magnitude; MIN, minutes of arc; NSO, neutral stellar object; NW, north-west.
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