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ABSTRACT 

A new zone (S4) has been surveyed at 5 GHz and is essentially complete above 0.5 Jy. A 
total of 269 sources above this flux density were found in an area of 1.71 sr between 
declinations of 35° and 70°. Accurate flux densities at 2.7, 5.0, and 10.7 GHz are given, 
together with source coordinates accurate to between 1 and 5 arcsec, and proposed optical 
identifications. Sources below the completeness limit are also listed, giving a catalog of 484 
sources. The results of the S4 survey are combined with those of the previous 5 GHz surveys, 
with a 5 GHz strong source sample derived from the Parkes 2.7 GHz surveys, and with 
samples taken from deeper surveys made at 5 GHz to discuss the source counts, the source 
spectra and their relation to the optical identifications. The 5 GHz source counts differ from 
those derived at lower frequencies in that there is less evidence for either a steepening of the 
counts at high flux densities or for their convergence at very low flux densities. The counts 
indicate a possible anisotropy related to the supergalactic system. 

I. INTRODUCTION 

Since 1968, a number of surveys made at a frequency 
of 5 GHz (X = 6 cm) have been reported. These include 
the Strong Source or S surveys, namely the SI survey 
(Kellermann et al. 1968b), which was complete to 0.8 
Jy, and the S2 and S3 surveys (Pauliny-Toth et al. 1972; 
Pauliny-Toth and Kellermann 1972b), both of which 
were complete to 0.6 Jy. All three surveys were made 
with the 43-m telescope of the National Radio Astron- 
omy Observatory (NRAO). 

This paper presents the results of the new S4 survey, 
which covers the region between declinations of 35° and 
70°. The finding survey, described in Sec. II, was made 
with the 92-m transit telescope of the NRAO. As dis- 
cussed in Sec. Ill, those sources detected in the finding 
survey which have galactic latitude \b\ > 10° were 
reobserved with the 100-m telescope of the Max-Planck 
Institut für Radioastronomie at 4.9, 2.7, and 10.7 GHz 
in order to determine accurate flux densities at these 

a) Now on leave of absence at the Max-Planck-Institut für Ra- 
dioastronomie, Bonn, F.R.G. 

b) Operated by Associated Universities, Inc., under contract with 
the National Science Foundation. 

c) Operated by Cornell University under contract with the National 
Science Foundation. 
451 Astron. J. 83 (5), May 1978 

frequencies, and the radio spectra of the sources. These 
measurements gave radio positions accurate to a few 
seconds at arc; for about one-third of the sources stronger 
than 0.5 Jy at 5 GHz, positions accurate to about 1 
arcsec were available in the literature; for a further third, 
positions have been measured with the NRAO inter- 
ferometer to an accuracy of about 1 arcsec. Optical 
identifications have been attempted for all sources above 
this flux density limit (Kühr 1977; in preparation). The 
source counts and spectral index distribution are dis- 
cussed in Sec. IV. 

Flux densities have also been measured at 31.4 GHz 
with the NRAO 11-m telescope for all sources with flat 
spectra and flux densities greater than 1 Jy at 5 GHz. 
These measurements are reported in a separate paper 
(Witzelei a/. 1978). 

II. THE FINDING SURVEY 

The survey instrument was the 92-m telescope, 
equipped with a cooled parametric amplifier giving a 
system noise temperature of about 160 K and a band- 
width of 150 MHz centered at 5000 MHz. Beam 
switching was used, with a 7.2 arcmin separation of the 
two beams, each of which had a half-power beamwidth 
(HPBW) of 2.7 arcmin. The observations, which were 
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made in March and April 1972, consisted of scans in 
declination, made by combining the 10°/min slew rate 
of the transit telescope with a sidereal tracking motion 
of the feeds and radiometer. At this rate, a source was 
within the half-power points of the beam for about 0.3 
s. The declination range was broken into three overlap- 
ping declination zones, in order to shorten the scans and 
thus limit the lateral offset of the feeds from the para- 
boloid axis to less than 2 HPBW. Each scan lasted about 
1 min, and after its completion, the feed enclosure was 
reset to its initial position and the slewing was reversed. 
The telescope motion and the data recording, made at 
a rate of 10 samples/sec, were under computer control. 
The line joining the two beams was oriented in P.A. 11°, 
so that they were separated by 1.35 arcmin (0.5 HPBW) 
in the East-West direction during each scan. 

One day’s observation produced an open pattern of 
scans on the sky with a separation of several beamwidths 
between scans. These gaps were filled on successive days 
by repeating the observations, but with each scan offset 
in right ascension by one HPBW. After 5 or 6 days of 
observation (depending on the declination zone), each 
zone was thus covered completely by the interleaved 
scans, with a spacing of <0.5 HPBW between the tracks 
of one or the other beam. The beam switching, combined 
with the high-scan rate, was highly effective in reducing 
the amount of time lost to bad weather. Scans which 
were unacceptable for one reason or another were re- 
peated later, so that good data were available for the 
entire survey area between declinations of 35° and 70° 
(1950.0) except for two small gaps (both at |¿| < 
10°). 

The survey data were reduced to a source list as fol- 
lows. After conversion of the data to calibrated antenna 
temperatures, a baseline consisting of a running mean 
taken over a range of 20 HPBW was subtracted from the 
data in order to remove large-scale structure. The change 
in baseline was very small and repeatable for all scans 
in a given declination zone, and was due primarily to 
variations in the thermal radiation from the ground 
picked up by the feed horns. After the baseline removal, 
data exceeding 0.17 K antenna temperature, or 2.7 times 
the rms noise <r, in absolute value were stored on a 
magnetic tape for further processing. 

Most of the points thus extracted were still attribut- 
able to receiver noise. In a further step, each datum in 
excess of 3.5o- was located and was used, together with 
neighboring data in excess of 3<r, to compute the ap- 
proximate flux density and centroid position of each 
source. Single, isolated points were rejected, as well as 
sources with computed peak antenna temperatures below 
0.25 K. The flux density corresponding to this antenna 
temperature, i.e., the cutoff fliix density of the finding 
survey, is a function of the zenith angle z for the 92-m 
telescope. This function is shown in Fig. 1 and it can be 
seen that the cutoff flux density increases from 0.3 Jy at 
z = 0 (Ô = 38-4) to 0.65 Jy at z = 32°(<5 = 70°4). 

Several critical parameters in the data reduction were 

DECLI NATION 
40* 50* 60* 70* 

Fig. 1. The function f(z) is the ratio of the antenná temperature 
for a given flux density at the zenith to that observed at the zenith angle 
z, for the 92-m telescope. The declination corresponding to z, and the 
cut-off flux density of the finding survey corresponding to/(z) are also 
given. 

directed towards a high completeness of the finding list, 
at the expense of accepting a small fraction of spurious 
sources. In particular, data lying as much as 4 arcmin 
from the maximum were included as part of the source, 
to reduce the selection against extended sources. Later 
reobservation of each source in finding list, as described 
in Sec. Ill, permitted the removal of the spurious sources 
and gave accurate positions and flux densities for the real 
sources. 

III. REOBSERVATION OF THE SOURCES 

A. Measurements with the 100-m Telescope 

Those sources in the finding list lying more than 10° 
from the galactic plane were observed with the 100-m 
telescope at frequencies of 2.7,10.7, and 4.9 GHz. Most 
of the these observations were made in August 1972, 
December 1972, and December 1974, respectively. The 
characteristics of the receivers, all of which used cooled 
parametric amplifiers mounted at the prime focus of the 
antenna, and of the feed systems are summarized in 
Table I. 

All three receivers were used in a Dicke-switched 
mode. At 2.7 GHz the difference in the power received 
from the feed horn and a cooled reference load was 
measured. At the two higher frequencies, the difference 
in the power received from the two feed horns was 
measured. In each case, a continuous calibration was 
provided by an internal noise signal which was added to 
the signal coming from one feed during every alternate 
switch cycle. The pointing of the telescope and the ad- 
justments required to keep the feed system at the focal 
point were under computer control. The observations 
were made by means of scans, generally about 4 HPBW 
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  Table I. Receiver and feed characteristics for the IQO-m telescope.  

Center System Band Feed system Beam rms noise 
frequency noise width and separation HPBW in 1 s 

(GHz) (K) (MHz) polarization (arcmin) (arcmin) (Jy) 

2.695 100 40 Single horn, linearly polarized . .. 4.85 0.02 
4.900 90 250 Two horns, each linearly polarized, 6.2 2.6 0.006 

10.690 1_50 40 E-vectors orthogonal T5 T3 0.05 

in length, along two orthogonal directions through the 
given source position, and the data were taken at a rate 
chosen to give about four independent points per HPBW. 
Observations of sources of small angular size, with ac- 
curately known radio positions, were made in the same 
manner at intervals of 1-2 h, to calibrate the residual 
pointing errors of the telescope and observations of 
several sources believed to be nonvariable were made 
several times per day to calibrate the data in terms of flux 
density. The procedure differed in detail at the three 
frequencies: 

(a) At 2.7 GHz, the scans were made in the azimuth 
and elevation coordinates at a rate of 30 arcmin/min. 
Typically two or four scans were made in each coordi- 
nate, the number depending on the strength of the 
source. Because the position angle of the feed was not 
under computer control when these observations were 
made, each source was observed twice: once with the 
is-vector of the feed in the vertical plane and at the same 
sidereal time on a later day, with the feed rotated by 
90°. 

(b) At 4.9 GHz, the feed assembly was rotated under 
computer control so that the line joining the beam cen- 
ters was in P.A. 45°. Two or four scans were made across 
the source in right ascension and declination at a rate of 
30 arcmin/min with each of the two orthogonally po- 
larized beams. 

(c) At 10.7 GHz, the feed assembly was rotated so 
that the line joining the feed centers was oriented at 45° 
to the elevation direction. Scans were then made across 
the source in azimuth and elevation at a rate of 20 arc- 
min/min with each of the two orthogonally polarized 
beams. Four or eight scans were made across the source 
with each beam. 

The subsequent reduction procedure was similar to 
that described elsewhere (Pauliny-Toth et al. 1974) and 
involved 

(a) subtracting a linear baseline from the data in each 
scan, 

(b) normalizing the data to the internal noise sig- 
nal, 

(c) averaging, for each beam, or each polarization, 
of the scans made in a givèn coordinate, 

(d) fitting Gaussian functions to the averaged data 
in each coordinate, to give the peak response, the half- 
power width in the two coordinates and the position of 
the peak, together with their standard errors; and, fi- 
nally 

(e) averaging the results of the Gaussian fitting, for 

the data taken in each of the two orthogonal polariza- 
tions. 

This procedure gave, for each source, a peak response 
and an integrated response, that is, the product of the 
peak response and the half-power widths in the two 
coordinates. These values were converted to flux densities 
as follows: 

First, the data were corrected for the dependence of 
the gain of the antenna and of the atmospheric extinction 
on elevation angle. These corrections were small, the 
largest being about 5% at 10.7 GHz. Second, the ob- 
servations of the standard sources were used to determine 
the flux-density scaling factors, both for the peak and for 
the integrated responses. For each source, a peak and an 
integrated flux density were then available. For subse- 
quent work, peak flux densities were used, unless the 
integrated flux density exceeded the peak flux density 
by more than the sum of the respective errors, as given 
in Sec. Ill b. 

For the calibration of the flux-density scales, data for 
three of the standard sources, 3C 123, 3C 147, and 3C 
295 were taken from Kellermann et al. (1969; hereafter 
KPW) for the 2.7- and 4.9-GHz observations. For the 
latter frequency, the 5.0-GHz flux densities given in 
KPW were adjusted to 4.9 GHz, using the spectral index 
computed from the KPW 2.7- and 5.0-GHz flux densi- 
ties. At 10.7 GHz, the calibration data were taken from 
Kellermann and Pauliny-Toth (1973). Once the spectral 
indices of the sources in the survey list had been deter- 
mined, they were used to correct the measured 4.9-GHz 
flux densities to 5.0 GHz, for consistency with the pre- 
vious S surveys. 

b) Flux-Density Errors 

At each frequency, some sources, including the cali- 
brators, were observed more than once so that the re- 
peatability of the measured flux densities could be de- 
termined. The rms error of a single measurement of a 
source of flux density S (Jy) can be represented by 

<rm = [(<Tn)2 + (<Tg5)2],/2Jy, 

where <rn is the error due to receiver noise and to fluc- 
tuations in the atmospheric emission, while a% represents 
the uncertainty due to changes in the atmospheric ex- 
tinction, in the gain of the antenna and in that of a ra- 
diometer. The values of Gn and ög were determined both 
for the peak and for the integrated flux densities and are 
given in Table II. 
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Table II. Contributions to the flux density errors due to noise 
(o-n), receiver or antenna gain variations (o-g) and confusion (<7C). 

Values in parentheses apply to the integrated flux densities. 

Frequency an ag ac 
GHz mJy % mJy 

2.695 9 (27) 0.8 (0.6) 9 
4.9 6(7) 1.1 (1.2) 2 

10.69 37 (78) 1.8 (1.5) ^  

The uncertainty due to confusion from unresolved 
sources in one or the other beam is small. At 2.7 GHz the 
resulting additional error is estimated to be 9 mJy 
(Pauliny-Toth et al. 1974). At 5.0 GHz? deep surveys 
made with the 100-m telescope (unpublished) indicate 
that (ic is about 2 mJy; at 10.7 GHz the effect of confu- 
sion is negligible. 

The total random errors in the flux densities are 
thus 

[(^P+Ccr,)2]1^. 

The typical error for a source having S = 0.5 Jy is thus 
about 2.5%, 1.5%, and 8% at 2.7, 5.0, and 10.7 GHz, 
respectively. 

The absolute scale of flux densities is that of KPW at 
2.7 and 5.0 GHz and that of Kellermann and Pauliny- 
Toth (1973) at 10.7 GHz. These scales agree to within 
3% with a new, absolute scale of flux densities derived 
by Baars et al. (1977). 

c) Source Positions 

The most reliable source positions obtained from the 
100-m observations were those measured at 2.7 GHz. 
This was partly due to frequent observations of cali- 
bration sources and partly because the feed assembly was 
not rotated between the observations of the sources and 
calibrators so that errors due to any misalignment of the 
axis of rotation and of the electrical axis of the antenna 
were absent. Each source was observed on two different 
days at this frequency, as described in Sec. Ill 6. A 
comparison of the two sets of positions showed that the 
standard position error in each coordinate, for a source 
of flux density S Jy at 2.7 GHz was given by 

^= [ (if)2 + (3-3)2]1/2arcsec- 

For a sample of 109 sources in the list, positions were also 
obtained with the NRAO three-element interferometer 
at frequencies of 2.7 and 8.1 GHz (for 17 of these, the 
measurements were kindly made by J. Condon). Inter- 
ferometer spacings of 200, 1900, and 2100 m were used 
to make two to three observations of each source at dif- 
ferent hour angles. These measurements gave positions 
with an accuracy of 1 arcsec in each coordinate. A 
comparison of the interferometer positions with the 
100-m positions gave a distribution of differences having 
a dispersion of 3.5 arcsec, consistent with the above er- 
rors. 

454 

In the case of some sources, most of which were below 
the completeness limit of the survey, only a position de- 
rived from the 5-GHz data was available. The accuracy 
of these positions, estimated from repeated observations, 
is about ±5 arcsec. 

d) Completeness of the Survey 

The completeness of the survey is determined by three 
effects: 

(a) The completeness of the finding survey, for which 
the lower cutoff in flux density was a function of the 
declination (Sec. II). 

(b) The effect of any secular variation of the sources, 
during the long-time interval (2V2 yr) between the time 
of the finding survey and the reobservation of the sources 
at 5 GHz. 

(c) Errors in the measured flux densities. The effect 
of confusion on the completeness is negligible, since the 
density of sources is low, even at the survey limit. 

The completeness was estimated in a manner similar 
to that used for the earlier S surveys, by comparing the 
5-GHz flux densities Sm measured with the 100-m 
telescope, with the flux densities S/ obtained from the 
finding survey. The distribution of the differences AS = 
Sm — Sf had a dispersion 

«tas = |[0.085/(z)]2 + (0.105m)2}'/2Jy, 

where the first term is due primarily to errors in the flux 
densities from the finding survey. The contribution of 
this term to a&s varies with the zenith angle z (i.e., with 
declination) according to the function/(z) shown in Fig. 
1. The second term is due to a combination of errors 
proportional to the flux density in the finding survey data 
and of any secular variations of the sources. Since the 
finding survey was cut off at a level corresponding to a 
flux density S\im = 0.3/(z), it was possible to calculate 
the fraction of sources having a given value of Sm which 
would have Sf<Snm and would thus have been excluded 
from the finding list. 

The calculation showed that the final source list, based 
on the 100-m flux densities Sm, is 99% complete above 
0.6 Jy and 96.5% complete at 0.5 Jy, corresponding to 
about seven missing sources in the interval 0.5-0.6 Jy and 
two missing sources between 0.6 and 0.7 Jy. Between 0.4 
and 0.5 Jy, the survey is seriously incomplete at the 
higher declinations; in the range of declinations 350-55°, 
however, only 11%, or about seven sources should be 
missing. The present survey thus achieves the same level 
of completeness above 0.5 Jy as the earlier S surveys did 
above 0.6 Jy. Over the restricted range of declination 35° 
to 55°, the same level of completeness is achieved above 
0.4 Jy. Within the statistical uncertainties, the calculated 
numbers of missing sources are consistent with those 
actually found: from a sample of 105 known sources in 
the survey region, having flux densities at 5 GHz above 
0.5 Jy, 102 were detected in the survey, while the above 
analysis predicts 101 detections. Above 0.6 Jy, of 94 
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Table IV. Counts of strong sources at 5 GHz. 

Flux 
density 

(Jy) 
Counts from individual surveys Combined counts 

S4 SI S2 S3 Parkes Parkes fast n Area 

.40 < S < .50 

.50 <5 <.54 

.54 < S < .60 

.60 < S' < .68 

.68 < S < .80 

.80 < S < .96 

.96 < S < 1.3 
1.3 <5 <2.1 
2.1 

55(7) 
32(5) 
27(2) 
31(2) 
41 
39 
47 
30 
22 

44(2) 
56 
48 
46 
33 
32  

54(1) 
53 
50 
53 
54 
38 

40(4) 
34(2) 
27  

62 
37 
29 

134 
150 
146 
197 
158 
122 

1.186 
1.785 
1.785 
6.420 
6.420 
6.694 
8.914 
8.914 
8.914 

fl/sr 

52.3 ±7.2 
20.7 ± 3.7 
16.2 ± 3.1 
20.9 ± 1.8 
23.4 ± 1.9 
21.8 ± 1.8 
22.1 ± 1.6 
17.7 ± 1.4 
13.7 ± 1.2 

n/iiQ 

0.79 ± .11 
1.12 ± .20 
0.73 ± .14 
0.95 ± .08 
1.01 ± .08 
1.09 ± .09 
0.95 ± .07 
0.85 ± .08 
0.70 ± .06 

The counts given for the separate surveys are not corrected for incompleteness; the corrections are given in parentheses. Areas of surveys 
are S4, 0.4-0.5 Jy, 1.186 sr; above 0.5 Jy, 1.785 sr (including intermediate source survey); S2 and S3, 2.036 sr; Parkes, 2.599 sr; Parkes fast 
surveys, 2.220 sr. The final column gives the counts normalized to an integral count Nq = 60 S~x-5. 

known sources, 93 were detected by the survey, as pre- 
dicted by the calculation. 

Strictly, this discussion applies only to sources with 
angular sizes small compared to the beamwidth of the 
92-m telescope and it might be expected that the present 
survey tends to discriminate more against extended 
sources than the previous S surveys. Indeed one of the 
known sources missed by the survey (3C35) is heavily 
resolved by the telescope, but the result of the above 
comparison with a sample of known sources indicates 
that this effect is not serious, particularly for sources with 
flat radio spectra, which are of very small angular 
size. 

e) Optical Identifications 

A search was made on the Palomar Sky Survey prints 
for optical candidates in the vicinity of sources for which 
no previous identification had been reported, using the 
best available radio position. Generally, this was done 
only for sources having a flux density at 5 GHz greater 
than 0.5 Jy. The identification procedure for sources for 
which we measured interferometer positions has been 
described elsewhere (Kühr 1977) and was essentially the 
same for the other sources, except that a correspondingly 
larger region was searched for optical objects. For the 
present purpose, the identification was confined to 
classifying the object as a galaxy, a quasistellar object, 
or as lying in a blank field. For 123 S4 sources with 
5*5 GHz — 0-5 Jy, suggested optical identifications are 
also available from the recent 966 MHz survey by Cohen 
et al (1977). 

IV. THE S4 SURVEY RESULTS 

The results of the survey and of the associated mea- 
surements (positions, flux densities, and optical identi- 
fications) are presented in Table III. This table contains 
all sources from the finding survey list which were con- 
firmed by reobservation with the 100-m telescope and 

which lie in the area of 1.71 sr defined by 35° < Ô1950.0 
< 70° and \ b\ > 10°. Although sources just outside this 
area are included in the list, they should be excluded 
from any statistical discussion. The data in Table III are 
as follows: 

(a) Column 1 has the source name. 
(b) Columns 2 and 3 have the 1950.0 coordinates. 
(c) Column 4 has a code denoting the origin of the 

radio position. The same codes have been used as for the 
earlier S Surveys (Pauliny-Toth et al. 1972; Pauliny- 
Toth and Kellermann 1972b) with the following changes 
or additions: 

(i) MP6 refers to a 100-m position measured at 5 
GHz. 

(ii) MPI 1 refers to a 100-m position measured at 2.7 
GHz. 

(iii) NR11 refers to a NR AO interferometer position 
measured at 2.7 and 8.1 GHz [present measurements, 
or measurements made by Condon (private communi- 
cation)]. 

(d) Column 5 has the galactic latitude 
(e) Columns 6 to 8 have the flux densities at 5 GHz, 

2.7 GHz, and 10.7 GHz, headed by S6, SI 1, and S3, 
respectively. These are values obtained from the present 
measurements, unless otherwise stated in the footnotes 
to the table. 

(f) Columns 9-12 contain the two-point spectral in- 
dices and their standard errors, obtained from the 2.7- 
and 5-GHz data (denoted by 11-6) and from the 5- and 
10.7-GHz data (denoted by 6-3). The spectral index, a 
is defined by 5* oc ^ and the quoted errors are calculated 
from the errors in the flux densities (Sec. lllb). 

(g) Column 13 contains the optical identification, the 
symbols used being the same as in the previous S surveys. 
Identifications based on the present work are indicated 
by a reference to a footnote in Column 14; others are 
taken from the literature. Identifications are only com- 
plete for sources having S (5 GHz) >0.5 Jy. 

(h) Column 14 has references to footnotes following 
the Table, and finally 

(i) Column 15 contains membership in other ca- 
talogues, in the manner of the previous surveys. 
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Fig. 2. Schematic representation of 
the regions of sky covered by the S sur- 
veys and by the Parkes survey areas used 
to obtain 5-GHz counts. Diagonal 
hatching represents the S survey and 
Parkes areas which give counts complete 
to 0.6 Jy. Vertical hatching represents 
the SI survey, complete to 0.8 Jy, and 
horizontal hatching the Parkes fast sur- 
vey areas, essentially complete to 0.96 Jy. 
The Parkes regions between Dec. —45° 
and -65°, RA 3-4 h, 19-20 h, and 
23-24 h, were excluded because of in- 
completeness in the 5 GHz data. 

RIGHT ASCENSION (19500) 

V. DISCUSSION 

The source counts, spectral index distribution and 
identification content of the present S4 survey and of 
other 5-GHz surveys have been discussed elsewhere 
(Pauliny-Toth 1976). Since that discussion was based 
partly on preliminary data and did not include all of the 
data now available, or all the necessary corrections (e.g., 
for incompleteness), some revised results are presented 
here. 

a) The Source Counts 

Table IV gives the counts for the S4 survey. The cor- 
rections for incompleteness discussed in Sec. \\\d have 
been approximated by adding 7,5,2, and 2 sources, re- 
spectively, to the observed counts in the four lowest 
ranges of flux density. In addition, sources having flux 
densities S$ ghz ^ 0.5 Jy from the “intermediate” source 
survey (Pauliny-Toth et al. 1972), which covers a strip 
of 0.074 sr adjacent in declination to the S4 survey, have 
been added to the source counts. With this addition, the 
54 survey covers 1.186 sr in the flux density range 0.4 < 
55 GHz < 0.5 Jy and 1.785 sr for S5 ghz ^ 0.5 Jy. 

The source counts for the previous S surveys are also 
shown in Table IV. The present S4 survey overlaps part 
of the S3 survey and sources in the area of overlap have 
been removed from the data given for the S3 survey. 

Additional data of similar sensitivity are provided by 
the Parkes 2.7-GHz surveys. Several of these surveys are 
essentially complete for flux densities S2j ghz ^ 0.22 
Jy (Wall et al. 1971; Shimmins 1971; Shimmins and 
Bolton 1972b and 1974; Bolton and Shimmins 1973; 
Bolton and Butler 1975; Wall et al. 1976) and flux 

densities for almost all sources found in these surveys 
which have S2.1 ghz — 0.35 Jy have been measured at 
5 GHz (above references or Shimmins and Bolton 1972a; 
Shimmins et al. 1969). From the spectral index distri- 
bution between 2.7 and 5 GHz and the fact that the 
Parkes surveys are believed to be complete above 0.35 
Jy, the completeness of a 5-GHz sample based on these 
surveys can be determined. For 8$ ghz ^ 0.6 Jy, such a 
sample should be more than 99% complete. Excluding 
areas of overlap with the S surveys, areas with 161 < 10°, 
areas where the 5-GHz data were incomplete and areas 
around the Magellanic clouds, these surveys provided 
a further sample of 302 sources having S$ ghz ^ 0.6 Jy, 
in a solid angle of 2.599 sr. 

In addition, the Parkes 2.7-GHz fast surveys (Bolton 
etal. 1975; Wall ^ a/. 1975; Shimmins ei a/. 1975) have 
been used in a similar manner to derive a 5-GHz sample 
for the stronger sources {S$ ghz ^ 1 Jy). A comparison 
of the area of overlap between these fast surveys and the 
S surveys shows that a 5-GHz sample based on the for- 
mer is about 90% complete in the range 0.96 < S$ ghz 

< 1.3 Jy and 94% complete for 1.3 < S$ ghz <2.1 Jy. 
These surveys provide a further sample of 101 sources 
having S5 ghz ^ 0.96 Jy, in an area of 2.22 sr. The 
source counts for both sets of Parkes surveys are given 
in Table IV, as well as the combined counts for all the 
strong source samples. 

The area for which 5-GHz source counts are available 
down to a flux density of 0.6 Jy covers a solid angle of 
6.42 sr and includes 771 sources actually detected. The 
corresponding area for which counts are available above 
0.96 Jy is 8.91 sr and contains 471 sources. Thus, 62% 
and 86% of the sky at galactic latitude \b\ > 10° are 
covered by the respective samples and no significant 
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Fig. 3. Differential, normalized 
source counts at 5 GHz. Dots and solid 
lines represent combined S survey and 
Parkes data, circles and dashed lines are 
from the “intermediate” survey (Paul- 
iny-Toth et al 1972), the survey by 
Davis (1971) and two deep surveys with 
the 100-m telescope (Pauliny-Toth et ai, 
1978a, 1978b) The counts are normal- 
ized to Nq - bos'“15. 

reduction in the statistical uncertainties is to be expected 
from an extension of the surveys to the whole area at | è | 
>10°. Figure 2 shows the regions of sky covered by the 
various strong source surveys. 

The source counts are extended to higher source 
densities by several surveys of limited areas of sky, down 
to limiting flux densities as low as 0.015 Jy (Pauliny- 
Toth et al. 1972; Davis 1971; Pauliny-Toth et al. 1978a 
and 1978b). The composite, differential source counts, 
normalized to a uniform, static Euclidean model with an 
integral count 7V0 = 60 S-1-5, are shown in Fig. 3. The 
flux-density intervals within each survey have been 
chosen so that this model should give roughly equal 
numbers of sources in each interval. 

The most striking feature of the 5-GHz counts shown 
in Fig. 3 is their extreme flatness over a wide range of 
flux density. By contrast, the counts observed at long 
wavelengths are characterized by a steep gradient for the 
stronger sources, which gradually decreases with de- 
creasing flux density (e.g., Jauncey 1975). At 408 MHz, 
for example, the differential counts, normalized to a 
model with a differential count «o ^ S'”2-5, show a slope 
of —0.3 for source densities below 10 sr_1, a slope close 
to zero near 100 sr“1 and converge rapidly with a slope 
of about +1 for source densities above 103 sr”1. 

If all sources had the same spectral index, the form of 
the counts would be independent of frequency, except 
for a shift in the flux density scale. The 5-GHz surveys, 
however, contain roughly equal numbers of sources with 
flat [a ~ 0 (where the spectral index a is defined by S 
a va)] and steep (a ~ —0.8) spectra, so that the source 
count at any particular flux density is a superposition of 
the long-wavelength counts over a wide range of flux 
densities. The range of spectral indices observed at 5 
GHz corresponds to a range of more than 103 in the flux 
density at 408 MHz. For a flux density 5$ ghz = 1 Jy, 

Table V. Number-flux relation for £5 ghz ^ 0.6 Jy for all sources 
 and for flat- and steep-spectrum sources  

Sample K x , N 

All sources 51.4 ± 1.6 -1.67 ± .06 771 
Flat spectra 28.4 ±1.1 -1.60 ±.08 410 
Steep spectra 22.9 ± 1.1 -1.76 ±.09 360 

Flat and steep spectra are defined by a(5-2.1 GHz) > —0.5 and < 
—0.5, respectively. For one source in the total sample, no 2.7 GHz data 
are available. 

characteristic of the S surveys, the steep spectrum 
sources have flux densities of about 10 Jy at 408 MHz, 
where the slope of the normalized counts is ~—0.3; the 
flat-spectrum sources, on the other hand, have flux 
densities at 408 MHz of about 1 Jy, where the slope is 
M). Since the fraction of sources with flat spectra is in- 
dependent of flux density at 408 MHz (Pauliny-Toth 
and Kellermann 1972a), the flat-spectrum sources in the 
S surveys will show a slope of the normalized counts of 
~0, while the steep spectrum sources will show a steeper 
slope, as is in fact observed (Pauliny-Toth and Keller- 
mann 1972b; Condon and Jauncey 1974). We note in 
this respect, that the low value oi {V/Vm) obtained for 
QSS with flat spectra (Schmidt 1976, Kühr and Schmidt 
1977; Wall et al. 1976) also refers to the portion of the 
408 MHz counts where the normalized slope is close to 
zero. The difference between the (V/Vm) values for 
QSS with flat and steep radio spectra may thus reflect 
the different volumes of space selected by these samples, 
rather than a difference in their evolution. 

Over the narrower frequency range of 5 GHz to 2.7 
GHz, this effect should be less marked and this is the 
case when sources with flat (a > —0.5) and steep (a < 
—0.5) spectra in this frequency range are considered 
separately. A formal fit of the relation N(S) = KSX to 
the counts for the two spectral classes for £5 ghz ^ 0.6 
Jy by the method of maximum likelihood (Crawford et 
al. 1970) gives the results summarized in Table V, and 
the normalized, differential counts are shown in Fig. 

Table VI. Number-flux relation and median spectral index for 
sources having S5 ghz ^ 0.6 Jy in areas defined by supergalactic 

coordinates. 

Region N 

I |Æ| < 60°, L = Lc— 42.2 ± 
450-Lc + 45° 3.2 

II \B\ < 60°, L = Lc+ 49.8 ± 
450-Lc + 135° 4.0 

III \B\ <60°,L = LC+ 55.0 ± 
1350-LC + 225° 2.7 

IV |Æ| < 60°, L = Lc+ 56.6 ± 
225°-Lc + 315° 3.5 

Combined regions II-IV 54.3 ± 
1.9 

-2.02 ± 187 -.51 ± 
.15 .07 

-1.52 ± 97 -.36 ± 
.16 .12 

-1.56 ± 261 -.44 ± 
.10 .06 

-1.56 ± 170 -.41 ± 
.12 .08 

-1.56 ± 528 -.42 ± 
.07 .05 

L,B refer to supergalactic coordinates, with the pole (b , 90°) at 
galactic coordinates 1 = 47°, ¿7 = 6°; Lc is the direction of the center 
of the system, at 1 = 283°, 6 = 75° (Virgo cluster direction). The 
median spectral index ä and its error are as in Table VII. 
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Fig. 4. Differential, normalized 
source counts at 5 GHz for (a) 
sources with flat spectra i.e., all — 
—0.5 (solid line), and sources with 
steep spectra i.e., «50 < —0.5 
(dashed), (b) two areas defined by 
coordinates in supergalactic system. 
Solid line, area extending ±60° in 
latitude, ±45° in longitude centered 
on the system center (Region I of 
table VI), dashed line, same latitude 
range, all other longitudes (Regions 
II-IV of Table VI). 

4(a). The counts for the two spectral classes differ by 
only 1 o' above 0.6 Jy. Below this flux density, the slope 
of the normalized counts is close to zero for both spectral 
classes. 

A further feature of the 5 GHz source counts is the 
apparent anisotropy in the angular distribution of the 
sources in the sky. It has previously been reported that 
the slope of the source counts for the stronger sources 
(^5 GHz ^ 0-6 Jy) is steeper in the north than in the south 
galactic hemisphere (Pauliny-Toth and Kellermann 
1972b; Yahil 1972), and that the effect was present in 
all the S surveys, but not the Parkes surveys (Pauliny- 
Toth 1976). We have examined the effect further by 
determining the source counts for various areas in the 
supergalactic coordinate system (de Vaucouleurs 1958). 
It appears that the source counts for the strong source 
sample show a steep slope only in an area of about 1.6 sr 
centered on the direction of the center of this system; 
elsewhere, the slope does not differ significantly from 
that expected for a uniform spatial distribution of sources 
when the effects of space curvature and redshift are 

small. These results are illustrated in Fig. 4(b) and the 
results of the fit of the expression N(S) = KSX to the 
counts are summarised in Table VI. 

We do not consider these results as being necessarily 
strong evidence for anisotropy, although it should be 
noted that the nearby Virgo and Coma clusters lie within 
the region showing the steep slope. We note, however, 
that the departure of the source counts for the whole 
sample from those expected for a uniform spatial dis- 
tribution is smaller than the apparent deviations from 
a uniform angular distribution. 

b) Spectra and Identifications 

As in the previous S surveys, approximately half of all 
the sources detected in the S4 survey have the flat, or 
inverted spectra characteristic of compact, self-absorbed 
synchrotron sources. Table VII summarizes the statistics 
of the distribution of the two-point spectral index 
(where the suffixes denote the two frequencies, in GHz, 
used to determine a) for different identification classes 

Table VII. Distribution of the two-point spectral index between 5 and 2.7 GHz for various source classes. 

Source class 
Median index Fraction with 

a > 0.5 
Number of 

sources Samples 

All sources 
QSS 
GAL 
EF 
.067 <S <.6 
.5 < S < .6 
.6 < S’ < .8 
.8 < S < .96 
.96<S < 1.3 
1.3 <£ <2.1 
2.1 <S 

-0.43 ± 0.04 
-0.11 
-0.71 
-0.51 
-0.45 
-0.52 
-0.47 
-0.54 
-0.36 
-0.30 
-0.43 

0.03 
0.03 
0.08 
0.04 
0.11 
0.05 
0.08 
0.10 
0.11 
0.09 

0.53 ± 0.02 
0.76 0.06 
0.29 
0.49 
0.49 
0.48 
0.50 
0.48 
0.56 
0.58 
0.54 

0.04 
0.07 
0.06 
0.09 
0.04 
0.06 
0.05 
0.06 
0.07 

895 
192 
167 
104 
144 

58 
278 
146 
192 
157 
122 

All S,P,Pf 
S2,S3,S4 
S2,S3,S4 
S2,S3,S4 
D(\b\ > 10°) 
S4 
S2,S3,S4,P 
All S,P 
All S,P,Pf 
All S,P,Pf 
All S,P,Pf 

The error in a is the mean of the ranges on each side of the median which contain VÏV/^ sources. In the final column, P refers to the Parkes 
data, Pf to the Parkes fast survey data and D to the deep survey by Davis (1971). The first four samples are defined by £5 ghz ^ 0.6 Jy. 
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FlG. 5. Distribution of the two-point spectral index all f°r sources having Ss GHz ^ 0.6 Jy are given (a) for all sources in the S and Parkes 
survey samples, (b) for sources lying in empty fields, (c) for sources identified with galaxies, (d) for sources identified with quasars. For the 
last three samples, data are from S surveys only. 

and for several ranges of the 5-GHz flux density. In the 
latter case, the Parkes samples have been included and 
the spectral statistics for the deep 5-GHz survey (Davis 
1971), taken from Pauliny-Toth et al. (1974), are given 
for comparison. 

Table VII shows that there is no significant variation 
in the median spectral index, or in the fraction of sources 
with flat spectra, with the flux density. This is, of course, 
consistent with the similar form of the source counts for 
sources with flat or steep spectra in the range 5-2.7 GHz. 
But when the low-frequency spectral index is determined 
from data at 5 GHz and 408 or 318 MHz (Pauliny-Toth 
and Kellermann 1972b; Condon and Jauncey 1974) it 
becomes more negative (i.e., the median spectrum 
steepens) with decreasing flux density. 

Figure 5 shows the distribution of the spectral index 
ali f°r the complete sample and also separately for 
sources identified with QSS, galaxies, and those asso- 
ciated with empty fields. The overall distribution is 
double peaked, with a narrow peak near a = —0.8, which 

Baars, J. W. M., Genzel, R., Pauliny-Toth, I. I. K., and Witzel, A. 
(1977). Astron. Astrophys. 61, 99. 

Bolton, J. G. (1966). Nature 211, 917. 
Bolton, J. G., and Butler, P. W. (1975). Aust. J. Phys. Suppl. Ser. 34, 

33. 
Bolton, J. G., and Shimmins, A. J. (1973). Aust. J. Phys. Suppl. Ser. 

30, 1. 
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