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Abstract—Optical identifications and an analysis of the radio spectra of eight radio sources from a flux-
density-complete sample at declinations 4◦–6◦ (B1950) are presented. The observations were carried out
at 4000–9000 Å on the 6-m telescope of the Special Astrophysical Observatory and at 0.97–21.7 GHz on
the RATAN-600 telescope. Five of the eight sources are quasars and three are emission-line radio galaxies.
c© 2003 MAIK “Nauka/Interperiodica”.

1. INTRODUCTION

This paper presents results of optical identifica-
tions of radio sources from a sample complete to a
specified flux density. This work is targeted at deriving
the radio luminosity function of the sample objects
and its cosmological dependences. This requires that
the redshifts of the majority of the sample objects be
known.

All the objects whose spectra are presented here
are optical counterparts of radio sources from a com-
plete sample derived from the Zelenchuk survey at
3.9 GHz. This sample, which we have studied since
1980, contains all sources with fluxes S3.9 > 200mJy,
declinations 4◦–6◦ (В1950), right ascensions 0–24 h,
and Galactic latitudes |b| > 10◦ [1–3]. Currently, ap-
proximately 75% of the flat-spectrum sources in the
sample have been optically classified. Previous results
on optical identifications of the sample objects are
published in [4–6].

2. RADIO AND OPTICAL OBSERVATIONS

Optical spectra of the objects were obtained in
June and November 2000 on the 6-m telescope of
the Special Astrophysical Observatory (SAO) of the
Russian Academy of Sciences. The observations of
1522+0400 and 1600+0412 were obtained using
a multipupil spectrograph (http://www.sao.ru/ga-
fan/devices/mpfs/mpfs_main.htm) with a TK1024
CCD detector, which has 1024 × 1024 channels and
a counting noise of three electrons. The wavelength
range observed was 4000–9000 Å, with a dispersion
of 5 Å/pixel. The effective instrumental resolution
was about 15 Å. The spectra of the remaining objects

were obtained using the multipurpose SCORPIO in-
strument (http://www.sao.ru/moisav/scorpio/scor-
pio.html) in its long-slit mode together with the same
CCD detector; the wavelength range was 3800–
9200 Å, with a dispersion of about 6 Å/pixel. The
effective instrumental resolution was about 20 Å. The
spectra were reduced in the standard way using pro-
grams developed in the Laboratory of Spectroscopy
and Photometry of the SAO.

Radio observations of the sample sources were
carried out on the Southern sector of the RATAN-
600 plane-reflector radio telescope at 3.9 and 7.5GHz
in 1980–1991 and on the Northern sector at 0.97,
2.3, 3.9, 7.7, 11.1, and 21.7 GHz in 1996–1999. The
parameters of the receivers used on the Southern and
Northern sectors are described in [1, 7], respectively,
and the characteristics of the antenna beams for the
Northern and Southern sectors are presented in [2,
8]. In each series of observations, the sources were
observed daily for from 15 to 100 days.

The observations on the Northern sector of the
RATAN-600 were obtained in a fixed-focus regime
[9]. The position of the main mirror could be adjusted
within elevations of ±1◦ from the center of the ob-
servation zone. An equal number of panels was used
at all elevations, in order to reduce the influence of
variations in the radiation of the edge panels in the
presence of variations in the curvature of the circular
reflector. The effective area of the antenna was taken
to be constant at all elevations.

The source 2128+048 was used as a calibrator for
all observations at declinations 4◦–6◦. The size of this
radio source is much less than the horizontal section
of the antenna beam at all frequencies, right up to
21.7 GHz. The flux density of 2128+048 was taken
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Table 1.Object coordinates

Source name Radio coordinates J2000.0 Optical–radio Ref
RA DEC ∆RA ∆DEC

0323+0446 03 23 14.72 +04 46 12.59 0.02s 0.01′′ JVAS

0323+0534 03 23 20.21 +05 34 11.20 0.05 1.10 NVSS

0354+0441 03 54 24.13 +04 41 07.27 −0.02 0.21 JVAS

0357+0542 03 57 46.13 +05 42 31.28 0 −0.04 JVAS

0427+0457 04 27 47.57 +04 57 08.34 0.02 −0.10 JVAS

1522+0400 15 22 32.76 +04 00 29.70 0.05 0.18 NVSS

1600+0412 16 00 02.54 +04 12 57.84 0 0.03 JVAS

2301+0609 23 01 53.46 +06 09 12.84 −0.02 0.03 JVAS

to be 4.25, 3.07, 2.35, 1.57, 1.24, and 0.75 Jy at 0.97,
2.3, 3.8, 7.7, 11.1, and 21.7 GHz, respectively.

The data were reduced using programs that en-
abled derivation of the flux density for an individual
scan of a source, as well as determination of the mean
flux density over the entire series of observations. The
basis of the data reduction was optimal filtration of the
input data using themethod described in detail in [10].
Before this filtration, nonlinear filters were used to
clean the input data of impulsive interference, jumps,
and trends with time scales longer than the scale of
the antenna beam in right ascension. When obtaining
the mean flux densities for the entire observation time,
we used only those recordings for which the noise
dispersion at the location of the source was consistent
with the noise properties of the total dataset; the
method used to identify such recordings is described
in [11].

We derived the mean flux density by applying op-
timal filtration to the average of the recordings, with
the ith point for the filtration being the median of all
the ith points for the cleaned input recordings. As a
check, we also determined the mean flux density

S̄ = (
n∑
i

Si)/n, (1)

where Si is the flux density of the ith observation
and n is the number of observations. There is no
reason to introduce a weighting function here, since
we are summing only those recordings that have al-
ready been determined to have noise characteristics
consistent with those for the total dataset.

It is clear that the flux densities obtained in these
two ways should be close and that substantial differ-
ences indicate the presence of a bad recording that
has not been removed by the preliminary filtering.
Our experience shows that significant differences are
encountered only rarely, testifying to the correctness
of the filtration algorithm applied. The few bad record-
ings that were still present are primarily those in

which the antenna setup was incorrect. When signif-
icant flux-density differences were observed, we in-
spected all the corresponding recordings visually and
removed any that appeared suspicious, then repeated
the entire reduction procedure.

The measurement errors were also determined in
two ways:

σΣ =
(

σ2/
∑

i

A2
i

) 1
2

,

where σ2 is the dispersion of the residual noise in the
mean recordings after removing the detected source
signal and Ai is the tabulated value of the antenna
beam, and

σs =
(( n∑

i

(Si − S̄)2
)/

n(n − 1)
) 1

2

,

where S̄ is the mean flux density derived using (1).
These two estimates should also be quite similar. If

they corresponded to different distributions according
to the Fisher criterion, we searched for bad record-
ings. In any case, we adopted the larger of the two
estimates as the uncertainty in the measured flux
density. In this approach, the resulting errors include
the rms error in the flux density due to variability of
the source during the series of observations.

3. RADIO AND OPTICAL COORDINATES

Table 1 presents the radio coordinates of the stud-
ied objects at epoch 2000.0 and the difference be-
tween the optical and radio coordinates for each ob-
ject. We took the radio coordinates from the JVAS1

catalog at 8.4 GHz [12] (rms coordinate error 0.014
′′
)

and the NVSS2 survey [13] at 1.4 GHz (average

1Jodrell Bank–VLA Astrometric Survey.
2NRAOVLA Sky Survey.
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Fig. 1. Optical spectra of 0323+0446, 0323+0534, 0454+0441, 0357+0542, and 0427+0457 obtained on the 6-m telescope
of the SAO.

rms errors about 0.11
′′
and 0.56

′′
in right ascension

and declination, respectively). The source names are
comprised of the hours andminutes of right ascension
and degrees andminutes of declination corresponding
to their coordinates. We obtained the optical coor-
dinates from the USNO astrometric survey [14] or
the Palomar Sky Survey APM database [15]. Taking

into account the errors in both coordinates, the radio
and optical coordinates for all the sources agree to
within 3σ.

4. RESULTS
Figures 1–4 show optical and radio spectra of the

objects.
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Fig. 2.Optical spectra of 1522+0400, 1600+0412, and 2301+0609 obtained on the 6-m telescope of the SAO.

Table 2 presents the optical data. The columns
give (1) the source name, (2) lines present in the spec-
trum, (3) the rest-frame and observed wavelengths
of these lines, (4) the corresponding redshift, (5) the
classification of the object, (6) the observed B mag-
nitude from [14, 15], (7) the observation date, and (8)
the exposure in minutes.

Table 3 presents the flux densities of all the sources
shown in Figs. 3 and 4. The columns give (1) the
source name, (2)–(7) the flux densities and corre-
sponding rms errors for 0.97, 2.3, 3.9, 7.7, 11.1, and
21.7 GHz in mJy, and (8) the observation epoch.

We present comments on individual sources be-
low.

4.1. 0323+0446

The radio spectrum of this source, obtained in
1998 (Fig. 3a), falls off and then flattens toward

higher frequencies. It can be approximated by the
logarithmic parabola log S = −0.652 − 0.512 log ν +
0.171 log2 ν (with the flux density in Jy and the
frequency in GHz). The source does not display
significant variability; over ten years of observations
at 7.7 GHz obtained roughly once per year, the
measured flux densities ranged from 135 ± 30 to
104 ± 4 mJy (covering a factor of 1.3 ± 0.3).

The optical spectrum had been obtained earlier
at 4500–9000 Å using the 2.1-m telescope of the
Guillermo Haro Observatory inMexico. Based on the
two lines CIV 1549 Å and CIII] 1909 Å, the object
was classified as a quasar with a redshift of 2.322 [6].
Six lines can be identified in the optical spectrum ob-
tained using the SAO 6-m telescope (Fig. 1a): a pow-
erful, broad Lyα 1216 Å line (FWHM≈ 130 Å), the
NV 1240 Å line, the blended SiIV 1394,1403 Å dou-
blet and OIV] 1406 Å line, and the CIV 1549 Å and
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Fig. 3. Radio spectra of 0323+0446, 0323+0534,
0354+0441, and 0357+0542.

CIII] 1909 Å lines. The redshift derived using all these
lines is z = 2.322 ± 0.001, confirming that the object
is a quasar.

4.2. 0323+0534

The flux densities at 0.97–21.7 GHz are
not variable, and the radio spectrum at 2.3–21.7 GHz
is approximated well by the power law
S = 3976 ν−0.968 mJy (Fig. 3b). The spectrum flat-
tens at lower frequencies. Based on the frequency of
the turnover due to self-absorption (νm ≈ 0.25 GHz)
and the flux density at this frequency (Sm ≈ 8 Jy),
we infer that the size of the radiating region exceeds
200 kpc (adopting the value H= 10−4 Oe for the
magnetic field in the jet).
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0427+0457 was obtained at epoch November 1997 and
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Two Balmer lines—strong Hα 6563 Å and weak
Hβ 4861 Å—can be identified in the optical spectrum
(Fig. 1b), as well as the [OII] 3727 Å and FeII 4924 Å
lines and the [SII] 6717, 6731 Å forbidden doublet.
The widths of the hydrogen lines are FWHM≈ 70 Å.
All these lines are visible in emission, and the redshift
is z = 0.186 ± 0.005; the object is an emission-line
radio galaxy.

4.3. 0354+0441

This source was observed in 1985 at 3.9 and
7.7 GHz. Figure 5a shows the flux-density variations
at 7.7 GHz. Beginning in 1980, the flux density
gradually decreased, reaching a minimum in 1995,
after which it began to grow. The characteristic time
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Table 2.Optical data

Source name Lines present Wavelength, Å z Spectral classification B Date T , min

0323+0446 Lyα 1216/4040 2.322 QSO 19.1 Nov. 5, 2000 8

SiIV/OIV] 1400/4650

CIV 1549/5145

CIII] 1909/6340

0323+0534 [OII] 3727/4400 0.184 EmG 19.6 Nov. 4, 2000 10

Hβ 4861/5820

FeII 4924/5890

Hα 6563/7760

[SII] 6724/7960

0354+0441 Lyγ 973/4150 3.263 QSO 19.9 Nov. 4, 2000 10

Lyβ 1026/4375

Lyα 1216/5185

NV 1240/5285

SiIV/OIV] 1400/5940

CIV 1549/6600

CIII] 1909/8135

0357+0542 Lyα 1216/3865 2.170 QSO 19.6 Nov. 5, 2000 10

NV 1240/3930

SiIV/OIV] 1400/4440

CIV 1549/4875

[NeV] 1575/4930

CIII] 1909/6056

0427+0457 MgII 2798/4245 0.517 EmG 19.3 Nov. 5, 2000 10

[OII] 3727/5654

Hγ 4340/6590

Hβ 4861/7375

[OIII] 4959/7522

1522+0400 [NeV] 3426/5255 0.534 EmG 20.9 June 6, 2000 40

[OII] 3727/5725

[NeIII] 3869/5930

[OIII] 4363/6655

Hβ 4861/7465

[OIII] 4959/7615

[OIII] 5007/7685

1600+0412 Lyα 1216/5000 3.11 QSO 21.1 June 6, 2000 40

CIV 1549/6320

CIII] 1909/7850

2301+0609 CIII] 1909/4000 1.089 QSO 19.1 Nov. 2, 2000 10

MgII 2798/5830

[NeV] 2973/6210

[OII] 3727/7780

ASTRONOMY REPORTS Vol. 47 No. 6 2003



464 AFANAS’EV et al.

Table 3. Radio data

Source name
Flux densities and their errors, mJy

Epoch
0.97 GHz 2.3 GHz 3.9 GHz 7.7 GHz 11.1 GHz 21.7 GHz

0323+0446 230 21 149 06 132 05 105 06 97 05 95 06 01.1998

0323+0534 3568 52 1750 27 1070 10 556 06 380 07 190 12 07.1999

0354+0441 420 18 331 10 344 08 278 08 252 10 146 17 01.1998

0357+0542 80 15 182 11 232 09 220 07 181 06 112 15 07.1999

0427+0457 902 35 576 25 534 20 504 20 498 22 577 25 11.1997

712 30 475 20 460 15 412 10 418 12 442 22 07.1999

1522+0400 1010 33 450 15 284 08 147 07 104 05 58 08 07.1999

1600+0412 289 15 189 07 159 05 163 06 172 07 182 16 01.1998

2301+0609 177 16 295 12 322 10 336 12 324 12 235 18 08.1997

scale for the variability (from maximum to minimum)
is more than ten years. The 0.97–21.7 GHz spectrum
in Fig. 3c was obtained in 1998 (diamonds). The
spectrum is complex and cannot be approximated by
a simple logarithmic parabola.

Three Lyman lines—Lyγ 973 Å, Lyβ 1026 Å, and
powerful Lyα 1216 Å—can be identified in the optical
spectrum (Fig. 1c), as well as the NV 1240 Å line,
the blended SiIV 1394, 1403 Å doublet and OIV]
1406 Å line, and the CIV and CIII] 1549 and 1909 Å
lines. The redshift derived using all the lines is z =
3.263± 0.002, and we classified the object as a distant
quasar.

4.4. 0357+0542

The 0.97–21.7 GHz spectrum of the source at
epoch July 1999 can be well approximated with the
logarithmic parabola log S = −1.076 + 1.266 log ν −
0.902 log2 ν; the spectral maximum is at 5.0 GHz,
and the maximum flux density is 230 mJy (Fig. 3d).
The source shows modest long-term variability. Ob-
servations at 7.7 GHz over 11 years obtained roughly
once per year show flux-density variations from 275±
9 to 220 ± 5 mJy (covering a factor of 1.25 ± 0.05).

The optical spectrum (Fig. 1d) shows strong Lyα
1216 Å emission and the nearby NV line, the SiIV
1394, 1403 Å, doublet and the nearby OIV] 1406 Å
line, the blended CIV 1549 Å and NeV 1575 Å lines,
and the semiforbidden CIII] 1909 Å line at a redshift
of z = 2.17 ± 0.007. The object was classified as a
quasar.

4.5. 0427+0457

This source displays appreciable long-term
variability. Figure 5b shows the flux-density
variations at 7.7 GHz from 1980 to 1999. The
maximum 7.7-GHz flux-density variation has an
amplitude Smax/Smin = 2 ± 0.14. Figure 4a presents
spectra obtained in November 1997 (upper) and July
1999 (lower). Both spectra have a minimum and can
be approximated by the parabolas log S = −0.057 −
0.570 log ν + 0.327 log2 ν and log S = −0.165−
0.455 log ν + 0.236 log2 ν. Note the appreciable vari-
ability at low frequencies.

Five weak emission lines can be identified in the
optical spectrum (Fig. 1d): MgII 2798 Å, the OII]
3727 Å forbidden line, the two Balmer lines Hγ

4340 Å and Hβ 4861 Å, and the [OIII] 4959 Å line
at a redshift of z = 0.517 ± 0.008. The object is an
emission-line radio galaxy.

4.6. 1522+0400

The radio spectrum is power-law from 0.97–
11.1 GHz, S = 985ν−0.927 mJy (Fig. 4b), and the flux
density is not variable.

A strong [OIII] 5007 Å line, weaker OII] 3727 Å,
[OIII] 4363 Å, and [OIII] 4959 Å lines, and weak NeV
3426 Å, [NeIII] 3869 Å, and Hβ 4861 Å lines can
be identified in the optical spectrum (Fig. 2a). With
the exception of Hβ, all these lines are forbidden and
visible in emission. The redshift derived from all the
lines is z = 0.534± 0.001, and we classified the object
as an emission-line radio galaxy.
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Fig. 5. 7.7-GHz light curves of 0427+0457 and
2301+0609. The flux densities before 1991 were obtained
on the Southern sector and those after 1995 on the
Northern sector of the RATAN-600 telescope.

4.7. 1600+0412

Observations made from 1989 through 1999
roughly once per year at 3.9 and 7.7 GHz did not
reveal any flux-density variations within the errors.
The ratio of themaximum andminimum flux densities
measured at 7.7 GHz is Smax/Smin = 1.1 ± 0.15. The
spectrum (Fig. 4c) has a minimum near 6 GHz
and can be approximated by the parabola log S =
−0.553 − 0.617 log ν + 0.384 log2 ν at epoch January
1998.

One broad line is clearly visible in the optical spec-
trum (Fig. 2b), which we have interpreted as a blend
of Lyα 1216 Å and the nearby NV line at a redshift

of z = 3.11 ± 0.01. There are also weak CIV 1549 Å
and HeII 1640 Å lines present near the noise level. We
classified the object as a quasar.

4.8. 2301+0609

This source was observed at 3.9 and 7.5 GHz
starting in 1980. Figure 5c presents the 7.7 GHz flux
densities for 1980–1997. The flux density reached
a minimum in 1987, after which it began to grow.
The characteristic variability time scale (from max-
imum to minimum) is more than ten years, and
the maximum flux-density variation at 7.7 GHz
is Smax/Smin = 2.7 ± 0.5. The spectrum (Fig. 4d)
for August 1997 is well approximated by the log-
arithmic parabola log S = −0.733 + 0.695 log ν −
0.456 log2 ν, and has a maximum at 5.8 GHz, with
the maximum flux density being 340 mJy.

Four emission lines can be identified in the optical
spectrum (Fig. 2c): CIII] 1909 Å, MgII 2798 Å, and
forbidden NeV 2973 Åand OII] 3727 Å. The redshift
derived from these lines is z = 1.089 ± 0.003, and the
object was classified as a quasar.

5. CONCLUSIONS

Of the eight objects studied, five proved to be
quasars (two with redshifts z > 3) and three to
be emission-line radio galaxies. The radio galax-
ies 0323+0534 and 1522+0400 have constant flux
densities and power-law spectra. The z = 0.517
emission-line radio galaxy 0427+0457 and z = 1.089
quasar 2301+0609 display appreciable radio vari-
ability. We did not detect any significant variability
of the distant (z = 3.11) quasar 1600+0412 at 3.9
and 7.7 GHz over the ten years covered by our
observations. As expected, long characteristic vari-
ability time scales are observed for all the objects
with high redshifts. Nearly all the optical spectra
show a rich selection of lines, enabling very accurate
determinations of the corresponding redshifts.
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