
19
 9

4A
pJ

S.
 . 

.9
3.

 .
12

5F
 

The Astrophysical Journal Supplement Series, 93:125-143, 1994 July 
© 1994. The American Astronomical Society. All rights reserved. Printed in U.S.A. 

OPTICAL SPECTROPHOTOMETRY OF BLAZARS1 

R. Palomo 
Osservatorio Astronómico di Padova, via Osservatorio 5, 35122, Padova, Italy 

R. Scarpa 
Dipartimento di Astronomía, Université di Padova, via Osservatorio 5, 35122, Padova, Italy 

AND 
M. Bersanelli 

Istituto di Fisica Cósmica, CNR, via Bassini 15, 20133 Milano, Italy 
Received 1993 July 2; accepted 1993 September 29 

ABSTRACT 

We present optical spectrophotometric observations for 50 blazars obtained in 13 different campaigns over a 7 
year period. The spectral flux distribution is studied in terms of a power-law {f oc va) and, when relevant, the 
contribution of a host galaxy. We give spectral indices and fluxes of the nonthermal component and, when 
detectable, the absolute magnitude of the host galaxy. For more than half of the objects we obtained sufficient 
observations to study the relation between spectral index and flux level. 
Subject headings: BL Lacertae objects: general — galaxies: photometry 

program objects and describe the observations. Section 3 re- 
ports the results for spectral index, flux variability, and abso- 
lute magnitudes of the host galaxy; a representative spectrum 
of each source is also provided. In § 4 we give a description of 
individual objects. 

2. OBSERVATIONS AND DATA ANALYSIS 

The observations were obtained at the European Southern 
Observatory (ESO), La Silla, Chile, from 1984 November to 
1991 February, on 13 different observing campaigns at typi- 
cally 6 months interval (see Table 1). Two telescopes were 
used: the 2.2 m and the 1.5 m, both equipped with a Boiler & 
Chivens spectrograph. Different spectrographic cameras were 
used for the observations at the 1.5 m obtained before and after 
August 1990. This resulted in a slightly better signal to noise 
ratio for the spectra obtained after 1990 August. As a detector 
we used an Image Dissector Scanner (IDS) for the observa- 
tions until 1989 August and a CCD (RCA chip with 15 pm 
pixel-1) after this time. Spectra cover the range 4000-8000 À 
at a resolution of 15-20 Á ( FWHM ). Standard data reduction 
procedures were adopted to obtain one-dimensional wave- 
length calibrated extracted spectra. All the measurements were 
secured through a 8 X 8 arcsec2 effective aperture. Spectra 
were calibrated in absolute flux units using several observa- 
tions of spectrophotometric standard stars (Stone 1977) ob- 
tained on the same night. Fluxes have been corrected for Ga- 
lactic extinction according to the interstellar extinction law of 
Cardelli, Clayton, & Mathis ( 1989). The value of^for each 
objects were derived assuming R = 3.09 ± 0.06 (Rieke & Le- 
bofsky 1985), and for the gas to dust ratio we have adopted the 
result of the IUE Lya survey (Shull & Van Steenberg 1985): 
Nh/E(B - V) = 5.2 X 1021. The hydrogen column density 
was determined either interpolating the grid of the Bell Lab 
Survey (Stark et al. 1992) or, when available, using the accu- 
rate narrow beam (21 ') measurement of NH in the direction of 

1. INTRODUCTION 

Blazars are strong, extragalactic radio sources identified in 
the optical with rapidly variable and polarized sources. Their 
radio to ultraviolet emission is markedly nonthermal (Impey 
& Neugebauer 1988) and it is generally thought to be charac- 
terized by orientation effects due to plasma moving outward at 
relativistic velocities, as suggested by superluminal expansion 
(Choen et al. 1977; see also the review by Bregman 1990). 

Objects exhibiting strong emission lines are usually referred 
to as optically violently variable (OVV) or highly polarized 
quasars (HPQ), while those with featureless continuum are 
classified as BL Lac objects. In order to understand the emis- 
sion processes it is of great interest to study the spectral flux 
distribution over a large frequency range and to monitor the 
evolution of its shape and flux level. 

In this paper we present a large data set of optical spectropho- 
tometric observations of 50 blazars which were secured in a 7 
year observation program. The observations were obtained us- 
ing the same equipment and analyzed following a uniform 
procedure to ensure high homogeneity of the results. Most of 
the sources were observed repeatedly and in different states 
thus allowing a comparison of the spectral shape as observed at 
different flux levels. 

At variance with other optical monitoring programs, which 
usually report broad band photometric measurements, we per- 
formed spectrophotometry in the range 4000 to 8000 Â, which 
enables us to better determine the spectral shape, and, particu- 
larly, to study the spectral features related to the host galaxy. 

Some of these observations have been already published, as 
they were collected simultaneously with near-IR and/or ultra- 
violet data to investigate the emission distribution in a wider 
spectral range (Falomo et al. 1993a,b). In § 2 we present the 

1 Based on observations collected at the European Southern Observa- 
tory, La Silla, Chile. 
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TABLE 1 
Campaigns of Observation 

Dates Telescope Detector 

1984 Nov 8,9,10,11,12 ESO 1.5 IDS 
1986 Aug 16,17,18,19 ESO 2.2 CCD 
1986 Sep 8,9,10,11 ESO 1.5 IDS 
1987 Jan 7,8,9,10 ESO 1.5 IDS 
1987 Aug 25,26,27,28,29,30 ESO 1.5 IDS 
1988 Jan 7,8,9,10,11 ESO 1.5 IDS 
1988 Aug 4,6,7,8,9,10,11,12,13 ESO 1.5 CCD 
1988 Dec 30,31 ESO 2.2 CCD 
1989 Feb 10,11,12,13 ESO 1.5 CCD 
1989 Aug 6,7,8,9,10,11 ESO 1.5 CCD 
1990 Feb 17,18,19 ESO 2.2 CCD 
1990 Sep 17,18,19,20 ESO 1.5 CCD 
1991 Feb 11,12,13,14 ESO 1.5 CCD 

several active galactic nuclei ( AGNs) from Elvis, Lockman, & 
Wilkes (1989). 

Objects observed are somewhat heterogeneous and do not 
satisfy any completeness criterion, the only selection parame- 
ters being observability from La Silla and detectability. In total 
we have obtained data for 50 blazars. The sample is composed 
of 37 classical BL Lac objects while another 13 show emission 
lines with rest frame equivalent width greater than 5 Â and 
following the Moore & Stockmann (1981) criterion are classi- 
fied as OVV or HPQ. 

Program objects are reported in Table 2. The columns give: 
( 1 ) coordinate name; (2) other names or catalog; (3) and (4) 
right ascension and declination; (5) redshift; (6) interstellar 
extinction Av; (7) presence of a relevant emission from the 
host galaxy; (8) classification of the object as X-ray selected 
(radio-weak objects) or radio selected (radio-strong objects) 
following the criteria of Ledden & O’Dell ( 1985 ) ; ( 9 ) presence 
of strong (E.W. > 5 Â) emission lines. 

3. RESULTS 

We report in Figure 1 a representative spectrum for each 
program object. As apparent from simple inspection of Figure 
1 the spectral flux distribution in most cases appears well de- 
scribed by a single power law (fv oc va). Additional compo- 
nents such as those from the starlight of the host galaxy and 
possibly other thermal contributions are visible only in a lim- 
ited number of sources. Emission lines are also present for 
OVV and HPQ blazars. 

For all observations we have derived a spectral index a 
which results either from the best fit to the data with a single 
power law or from the decomposition into a power law plus the 
host galaxy emission. The host galaxy was assumed to be a 
standard elliptical (Yee & Oke 1978), and its significance is 
quantified by the fraction Pg of the flux due to the host galaxy 
with respect to the total observed flux at 5500 À. An auto- 
mated procedure was implemented in order to obtain the best 
decomposition, varying the relative contribution of the host 
galaxy with respect to the power law component. Emission 
lines in the spectrum and telluric absorption were removed by 
the procedure. The uncertainty in the determination of a and 
Pg depends on the relative contribution of the two compo- 

nents, a being better determined for smaller Pg. Typically we 
found uncertainties of 0.1-0.3 for a and 0.1-0.25 for Pg. From 
the measured thermal flux and the redshift we can also esti- 
mate the absolute magnitude Mvoi the host galaxy. Generally 
we found consistent values of Mv from decomposition of dif- 
ferent spectra of the same object. In Table 3 we report for each 
observation the Modified Julian Date (MJD), the observed 
flux at 5500 A, the spectral index a and, when relevant, Pg. For 
all objects where stellar emission was detected we also give, in 
Figure 2, a representative decomposition of the spectrum 
showing the power law and host galaxy components as well as 
the best fit to the data. 

In Table 4 we summarize the results. Columns (2) and (3) 
report the number of observations {N0) for each object and the 
number of observing campaigns (Nc). Significant flux variabil- 
ity is observed for the most monitored objects. The average 
flux for each object at 5 500 À, ( F¿), and the variability parame- 
ter 0 = (Fmax - Fmin)IFmivi, are reported in columns (4) and 
( 5 ). We found 0 ^ 2 for 11 objects and 0 ^ 1 for 23 objects. In 
spite of large flux variability the spectral index a usually ex- 
hibits small variations. In Table 4 (cols. [6], [7], and [8]) we 
report the weighted average spectral index ( a) together with 
its maximum and minimum values. A histogram of the distri- 
bution of (a) is also shown in Figure 3. The mean of the 
distribution is -0.98 ± 0.43 (the quoted error indicates the 1 a 
dispersion of the distribution ). 

In our sample of blazar it is possible to consider four groups 
(see Table 2): classical BL Lac objects (weak emission lines 
objects) (37 sources), objects with strong emission lines (13 
sources), radio selected objects (40 sources) and X-ray se- 
lected objects ( 10 sources). We found that radio selected and 
X-ray selected blazar have significantly different mean spectral 
index, respectively (a) = -1.05 ± 0.42 and («) = -0.65 ± 
0.30. The two distributions are distinct at the 99% significance 
level by a Kolmogorov-Smimov test both using all objects and 
all but PKS 2208-137 (the only source with a > 0). The 
strong emission line objects and weak emission line objects 
also have different mean spectral index, respectively (<*) = 
-0.75 ± 0.57 and (a) = -1.05 ± 0.35 (see Fig. 3). However 
the two distributions are only marginally distinct, at 87% signif- 
icance level, and if we exclude PKS 2208-137 the two distri- 
butions are indistinguishable. In Table 5 we summarize the 
average spectral indices for these groups. 

For each object observed in more than two campaigns and 
with at least five photometric observations, we have studied 
the correlation between the flux level and spectral index. In 
column ( 9 ) of Table 4 we give the Spearman rank-order coeffi- 
cient. Possible correlation is shown for the objects 0048-097, 
0138-097 and 0338—215. However, in no cases are the results 
compelling or conclusive. On the other hand, for a number of 
sources a remarkable stability of the spectral index is observed 
even under large (0 2) flux level variations. 

Finally, for those objects which exhibited a host galaxy we 
report in Table 4 (cols. [8] and [9]) the range of values of Pg 

and the average value of Mv of the host galaxy as derived from 
the decomposition of the spectrum (all values are computed 
assuming q0 = 0 and H0 = 50 km s-1 Mpc-1). 

Some details on individual objects are given in the next sec- 
tion. 
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Object 
(i) 

Name 
(2) 

a (1950) 
(3) 

6 (1950) 
(4) (3) 

Av 
(6) 

Gal 
(7) 

X/R 
(8) 

E.L. 
(9) 

0048 - 097 
0109 + 225 
0118-273 
0138 - 097 
0215 + 015 
0301 - 243 
0323 + 022 
0338 - 214 
0414 + 009 
0422 + 005 
0521 - 365 
0537 - 441 
0548 - 323 
0735 + 178 
0736 + 017 
0754+ 101 
0808 + 019 
0818-128 
0823 + 033 
0823 - 223 
0829 + 046 
0836 + 182 
0851 + 203 
0906 + 016 
1020 - 104 
1055 + 018 
1057+ 101 
1101-232 
1144-379 
1244 - 255 
1309 - 217 
1400 + 162 
1402 + 042 
1407 + 022 
1514 - 242 
1519-273 
1538 + 149 
1553 + 113 
1722 + 119 
1749 + 096 
2005 - 489 
2012-017 
2155 - 304 
2201 + 044 
2208 - 137 
2223 - 052 
2230 + 115 
2240 - 260 
2254 + 074 
2356 - 309 

PKS 
S2 
PKS 
OC -065 
OD +026 
OE -202 
H,1H,1ES 
OE -263.9 
1H, 87GB 
PKS 
ESO 362-G021 
PKS 
4U,H,1H,ES 
PKS 
PKS 
MRC,01+090.4 
HB89,OJ+O14 
OJ-131 
OJ+038,PKSB 
PKS 
OJ+049 
HB89, 87GB 
OJ 287 
PKS,4C>DA263 
OL-133,PKS 
DA293,PKS,4C 
MRC,HB89 
2A,3A,4U,1H 
MRC, PKS 
HB89, PKS 
HB89, MCI 
VRO 16.14.01 
IE,MS 
OQ+012,PKS 
AP Lib 
PKS 
4C 14.60 
PG 
H,4U,87GB 
OT+081 
PKSjlES 
PKSBjPKS 
PKS,1H,2A,3A 
PKS 
PKS 
3C 446 
PKS 
OY-268, PKS 
OY+091,MG 
U, 4U 

004810 
010924 
011809 
013857 
021514 
030116 
032338 
033823 
041418 
042213 
052113 
053721 
054850 
073514 
073643 
075422 
080851 
081836 
082314 
082350 
082911 
083640 
085157 
090635 
102004 
105555 
105743 
110111 
114431 
124407 
130950 
140020 
140220 
140732 
151445 
151937 
153831 
155321 
172244 
174910 
200546 
201239 
215558 
220144 
220843 
222311 
223008 
224042 
225446 
235634 

-094524 
222844 

-271707 
-094351 

013100 
-242200 

021447 
-212908 

005803 
002917 

-363016 
-440640 
-321656 

174909 
014400 
100440 
015550 

-124925 
031916 

-222035 
043951 
181325 
201758 
013348 

-102234 
015004 
100542 

-231320 
-375531 
-253126 
-214029 

161421 
041621 
021715 

-241122 
-271930 

145725 
112004 
115452 
093943 

-485843 
-014646 
-302752 

042605 
-134259 
-051217 

112824 
-260015 

072709 
-305421 

> 0.569 
> 0.501 

1.72 

0.147 

0.287 

0.055 
0.894 
0.069 

> 0.424 
0.191 

0.506 
> 0.910 

0.18 

0.306 
1.018 
0.197 
0.888 
1.317 
0.186 
1.048 
0.638 

> 1.489 
0.245 

0.049 

0.605 

0.322 
0.071 

0.116 
0.028 
0.392 
1.404 

0.774 
0.190 
0.165 

0.21 
0.27 
0.09 
0.17 
0.21 
0.11 
0.50 
0.16 
0.51 
0.42 
0.21 
0.20 
0.14 
0.28 
0.72 
0.16 
0.25 
0.45 
0.22 
0.62 
0.18 
0.19 
0.18 
0.22 
0.30 
0.23 
0.15 
0.34 
0.52 
0.42 
0.49 
0.10 
0.13 
0.16 
0.52 
0.55 
0.19 
0.21 
0.51 
0.57 
0.33 
0.52 
0.11 
0.29 
0.20 
0.33 
0.36 
0.09 
0.32 
0.08 

N 
N 
N 
N 
N 
N 
Y 
N 
Y 
N 
Y 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
Y 
N 
N 
Y 
N 
N 
N 
N 
N 
Y 
N 
N 
Y 
N 
N 
N 
N 
Y 
Y 

R 
R 
R 
R 
R 
R 
X 
R 
X 
R 
R 
R 
X 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
X 
R 
R 
R 
R 
X 
R 
R 
R 
R 
X 
X 
R 
X 
R 
X 
R 
R 
R 
R 
R 
R 
X 

N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
Y 
Y 
Y 
N 
N 
N 

4. NOTES ON INDIVIDUAL OBJECTS 

0048-097.—We obtained, over seven campaigns, 14 spec- 
tra of this bright ( raK ~ 15) radio-selected source confirmed as 
a blazar by Angel & Stockman ( 1980). No indication of spec- 
tral features either in emission or absorption was found. The 
flux has shown variations as large as 200%. All the spectra are 
well described by a power-law model from 4000 to 8000 Â 
even at minimum flux level. The spectral index shows varia- 

tions of up to 0.8 correlating with flux variations in the sense 
that when the flux increases the spectral index is flatter. The 
significance level is 95% for a Spearman’s test. However, the 
errors on a are quite large and, if we consider that Ballard et al. 
(1990) found opposite results (spectral index increases with 
flux), it is obvious that more accurate observations are neces- 
sary to clarify the issue. 

0109+225.—We obtained three spectra of this radio se- 
lected source. All spectra are compatible with a power-law 
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Fig. 1.—Representative spectrum of each program object, sorted by right 
Atmospheric absorption bands (0) and main features are marked. 

;ion. Spectra plotted are those marked with an asterisk (*) in Table 3. 
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Fig. 1—Continued 
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Fig. 1—Continued 
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Fig. 1—Continued 
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Fig. 1—Continued 
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Fig. 1—Continued 

model. Flux emission shows variations with amplitude up to 
^1.3 magnitudes. 

0118—273.—Ten spectra were secured for this radio-se- 
lected BL Lac object. The optical emission is smooth and well 
represented by a power law. Only a weak absorption line is 
present, which was identified as Mg n (2798 À) at z = 0.557 
(Palomo 1991b). Flux variability was detected on short time 
scales, with a variation of 100% in 3 days. The spectral index 
has shown some variation with a maximum Aa = 0.55. 

0138—097.—The optical spectrum of this radio selected ob- 
ject shows only an absorption line visible at low emission level 
(probably Mg n 2798 Á as noted by Stickel et al. 1993). The 
spectral index remains nearly constant (Aa = 0.28) despite 
flux variation of more than 100%. Even though the variations 
of a are compatible with a constant spectral index, they seem 
to be correlated to the flux level at a 90% significance level; 
more accurate observations, and an extension of the observed 
flux level range, are necessary. 

0215+015.—This radio-selected source is one of the most 
distant (z = 1.72 Boissé & Bergeron 1988) BL Lac objects 
known. Some intervening narrow absorption lines are present 
in our spectra but no emission lines are detected, probably 
because we observed the source in a brighter state compared to 
the one observed by Boissé & Bergeron (1988), who found 
weak C iv emission lines. The energy distribution is compati- 
ble with a single power-law model. 

0301-23.—We have obtained six spectra of this radio se- 
lected object, discovered on the basis of its polarimetric proper- 
ties (Impey & Tapia 1988). We observed flux variations of 
more than 100% while the spectral index remained practically 
unchanged. 

0323+022.—This X-ray selected object, discovered in the 
HE AO 1 all-sky survey, was classified as a blazar by Feigelson 
et al. ( 1986) who noted its rapid variability. The optical energy 
distribution exhibits the signature of stellar emission with a 
typical contribution of 25%, corresponding to an absolute 
magnitude of the host galaxy of Mv = -22.1 ± 0.4. This value 
is in good agreement with the values of Mv = —22 found by 
Palomo et al. ( 1993a) based on simultaneous optical to near- 
IR observations, and of Mv = -22.5 ± 0.7 found by Feigelson 
et al. (1986). 

0338-215.—This source was identified with a featureless 
optical radio source by Wilkes et al. ( 1983). We obtained six 
spectra; none show features. The optical spectrum is well fitted 
by a power law with constant ( Aa ^ 0.2) spectral index. 

0414+009.—We obtained six spectra of this X-ray selected 
source, classified as a BL Lac object by Ulmer et al. ( 1983). 
We found that the contribution of the stellar emission due to 
the host galaxy is, on average, Pg = 0.08, corresponding to an 
absolute magnitude Mv = -22.2 ± 0.5. 

0422+005.—This is a typical radio-selected BL Lac object 
showing featureless spectra (Wills & Wills 1976), large flux 
and polarization variability (Mead et al. 1990). We have re- 
peatedly observed this source, obtaining 12 spectra at very dif- 
ferent flux levels. No features were found in the spectra, all of 
which follow a power law very well. The flux varied by a fac- 
tor of 3 while the spectral index remained relatively stable 
(Aa <0.5). 

0521—365.—This blazar is a powerful radio source and is 
remarkable for its optical jet (Danziger et al. 1979; Boisson, 
Cayatte, & Sol 1989). The spectra show strong broad and 
narrow emission lines at z = 0.055. The Balmer lines are broad 
with FWHM ~ 3000 km s_1 for 77a, who have variable equiva- 
lent width. The forbidden lines of [O m], partially blended 
with Hß, are strong and narrow with FWHM ^ 600 km s-1. 
Flux variations up to a factor of 2 are seen on short and long 
timescales. The energy distribution clearly exhibits the pres- 
ence of a strong thermal component which contributes 55% of 
the total emission. The absolute magnitude of the host galaxy 
is Mv = -21.6 ± 0.2, fully consistent with Mv = -21.7 found 
in the optical to near-IR range (Falomo et al. 1993a). The 
spectral index varied from —0.87 to —1.62 with no apparent 
correlation with flux variations. 

0537-441.—This blazar is strongly variable in the optical 
domain (Impey & Tapia 1988). We obtained 14 spectra of the 
source over 7 years finding a maximum flux variation of 1.6 
magnitudes, and a variation of 0.25 magnitudes in 1 day. All 
spectra are well described by a power-law model. The spectral 
index showed variations of up to Aa ^ 0.6. 

0548-323.—We obtained four photometric spectra, at 
nearly the same flux level, of this bright X-ray selected object 
(Impey & Neugebauer 1988). The host galaxy emission con- 
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TABLE 3—Continued 

Name MJD F</(mJy) 

2230+ 115 47378.203 0.45 + 0.04 -0.29 + 0.43 

2240 - 260 47377.289 0.40 + 0.03 -1.71 + 0.40 
47747.250 0.20 + 0.01 -1.63 + 0.09 
48152.188 0.18 + 0.01 -1.53 + 0.17 

2254 + 075 47034.176 
47378.246 
47746.277 
47749.230 

0.42 + 0.18 
0.53 + 0.05 
0.55 + 0.01 
0.51 + 0.02 

-1.55 + 0.30 
-1.00 + 0.30 
-1.01 + 0.20 
-1.46 + 0.20 

0.20 
0.50 
0.45 
0.35 

2356 - 309 47747.301 0.46 + 0.01 -1.80 + 0.20 0.50 
47748.230 0.45 + 0.01 -1.90 + 0.20 0.44 

Note.—An asterisk (*) indicates that the observations are plottedin 
Figs. 1 and 2. 

3 Flux at 5500 Â, dots indicates poor photometry. 

tributes 65% at 5500 Ä. The absolute magnitude of the under- 
lying galaxy, Mv = -21.7 ± 0.2, confirms the previously re- 
ported values (Ulrich 1989) and is fully compatible with the 
value found in the optical to near-IR range (Palomo et al. 
1993a). 

0735+178.—This source is a typical BL Lac object, rapidly 
variable in the optical domain (Fîufnagel & Bregman 1992). 
The continuum is featureless with the exception of a strong 
absorption at 3980 Á, which has already been detected and 
identified with Mg n (2798 Á) at z = 0.424 by Carswell et al. 
(1974). The spectral index remained nearly constant while the 
flux varied by ^0.8 magnitudes. 

0736+017.—This source, classified as blazar by Angel & 
Stockman ( 1980) shows strong permitted and forbidden emis- 
sion lines in the optical domain, with FWHM ^ 3000 km s-1 

at z = 0.191. The continuum is flat and compatible with a 
power-law spectrum. 

0754+101.—We obtained five spectra of this radio selected 
source, classified as blazar by Angel & Stockman ( 1980). The 
optical energy distribution is featureless. Despite large flux vari- 
ations (up to 100%) the spectral index remained constant 
(Aa <0.15). 

0808+019.—We obtained five spectra of this radio-selected 
BL Lac object (Angel & Stockman 1980) with unknown red- 
shift. No spectral features were detected and the spectrum fol- 
lows a power law very well. The flux show large variations ( 0 ^ 
2), while the spectral index shows only little variability 
(Aa <0.45). 

0818-128.—This radio-selected object has unknown red- 
shift and we did not detect any structure in our five spectra. 
The continuum is well described by a power law with nearly 
constant spectral index, while the flux density shows large vari- 
ations (</> ^ 2). 

0823+033.—We observed this source, discovered in the po- 
larimetric study of radio sources of Impey & Tapia ( 1988), at 
two very different flux levels (</> ~ 3). The spectra appear fea- 
tureless and follow a power-law model very well. The spectral 
index decreases from -L76 to -1.30 while the flux varied 
from 0.31 to 1.14 mJy in one year. 

0823-223.—This high-redshift source, classified as blazar 
on the basis of its polarization properties (Impey & Tapia 

1988), shows a typical power-law spectrum with no emission 
lines. We detected only Mg n (2798 Â) in absorption at z = 
0.910. The spectral index is very stable (Aa ^ 0.2) while the 
source exhibited a maximum flux variation of a factor 2.5. 

0829+047.—This radio-selected BL Lac object shows very 
large flux variations ( Liller & Liller 1975). The source is one of 
the most active in our sample, varying from 0.62 to 3.09 mJy 
(0 ~ 4). The optical spectra exhibit the signature of stellar 
emission at z = 0.18 (Palomo 1991a) with a mean contribu- 
tion of 20%. The corresponding host galaxy absolute magni- 
tude is Mv = -22.7, consistent with values found in the optical 
to near-IR range (Palomo et al. 1993a), but different from the 
value Mv = -24.8 determined by Abraham, Hardy, & Craw- 
ford ( 1991 ), on the basis of direct optical imaging. We observe 
large flux variability and the spectral index of the nonthermal 
component shows variations up to Aa ^ 0.6 not correlated 
with the flux level. 

0836+182.—The object, discovered by Wills & Wills 
(1979), exhibits a featureless spectrum well described by a 
power-law model. 

0851+203.—OJ 287 is a typical BL Lac object that shows 
large optical bursts ( Hufnagel & Bregman 1992 ). At low emis- 
sion level permitted and forbidden emission lines are detected 
at z = 0.306 (Sitko & Junkkarien 1985). We observed OJ 287 
four times and found flux variations of more than 200%. All 
spectra are well described by simple power law with a steep 
(a ~ -1.4) spectral index. 

0906+016.—The spectrum of this radio-selected object 
shows a strong broad emission line at X ^ 5650 Â identified 
with Mg ii 2798 Á at z = 1.018. The continuum emission is 
compatible with a power-law model. 

1020—104.—The spectrum of this radio-selected OVV 
shows very strong emission lines. The continuum is flat ((a) ~ 
-0.28) and described by a simple power-law model. 

1055+018.—Two spectra were secured of this radio-selected 
blazar (Impey & Tapia 1988 ) at nearly the same flux level. The 
power-law spectra show only one clear structure, the Mg n 
2798 Á emission line at z = 0.888 (Impey & Tapia 1988). 

1057+101.—The spectrum of this blazar (Angel & Stock- 
man 1980) shows two strong emission lines (Mg n 2798 Á and 
C m] 1909 Â) at z = 1.317 (Palomo 1991b), and a slightly 
curved continuum. 

1101-232.—We obtained six spectra of this X-ray selected 
source (Remillard et al. 1989). Absorption features of Mg i 
(A = 5175 À) and Ca n (A = 3950) are clearly detected at 
z = 0.186 which confirms the redshift proposed by Remillard 
et al. ( 1989). The optical continuum is well fitted by a power- 
law model plus a 30% contribution from the host galaxy. The 
corresponding absolute magnitude of the host galaxy is Mv = 
—22.4 ± 0.2 consistent with the value Mv = —22.2 found in the 
optical to near-IR range (Palomo et al. 1993a). 

1144—379.—Discovered in the polarimetric study of radio 
sources (Impey & Tapia 1988), 1144-379 is a high-redshift 
z = 1.048 (Stickel, Fried, & Kuhr 1989) radio-selected BL Lac 
object (Nicolas et al. 1979). We failed to detect any structure 
in the spectrum that are well described by a power law model. 

1244—255.—Spectra of this radio-selected source (Impey & 
Tapia 1988) show a very strong emission line identified with 
Mg ii (2798 Â) at z = 0.638. The optical energy distribution is 
described by a power law model. 
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Name 
(1) 

N0 Nc (Fu) <i> («) R, 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 

Miga/4) 
(11) 

0048 - 097 
0109 + 225 
0118-273 
0138- 097 
0215 + 015 
0301 - 244 
0323 + 022 
0338- 215 
0414 + 009 
0422 + 005 
0521 - 365 
0537 - 441 
0548 - 323 
0735 + 178 
0736 + 017 
0754 + 101 
0808 + 019 
0818-128 
0823 + 033 
0823 - 223 
0829 + 047 
0836 + 182 
0851 + 203 
0906 + 016 
1020 - 104 
1055 + 018 
1057+ 101 
1101-232 
1144- 379 
1244 - 255 
1309- 217 
1400 + 162 
1402 + 043 
1407+023 
1514 - 242 
1519 - 273 
1538 + 149 
1553+ 113 
1722+ 119 
1749 + 097 
2005 - 489 
2012-017 
2155- 304 
2201 + 044 
2208 - 137 
2223 - 052 
2230+ 115 
2240 - 260 
2254 + 075 
2356 - 309 

14 
3 
10 
6 
2 
6 
3 
6 
6 
12 
16 
14 
6 
3 
1 
5 
5 
5 
2 
6 
7 
1 
4 
1 
3 
2 
2 
6 
3 
3 
1 
1 
3 
1 
7 
1 
5 

12 
5 
7 

15 
1 

23 
7 
2 
4 
1 
3 
4 
2 

7 
3 
5 
5 
1 
5 
2 
5 
5 
9 
10 
9 
6 
3 
1 
5 
3 
5 
2 
5 
4 
1 
3 
1 
3 
2 
1 
3 
3 
3 
1 
1 
3 
1 
5 
1 
3 
6 
2 
3 
5 
1 
6 
4 . 
1 
3 
1 
3 
3 
1 

1.53 
0.94 
1.35 
0.72 
3.93 
1.20 
0.76 
0.80 
0.64 
1.67 
2.63 
1.33 
1.30 
1.48 
0.73 
2.50 
0.77 
0.59 
0.73 
1.49 
1.52 
0.19 
2.06 
0.28 
0.74 
0.38 
0.35 
0.54 
0.60 
0.69 
0.38 
0.30 
0.61 

3.59 
0.08 
0.39 
7.23 
2.56 
0.71 
11.30 
0.28 
18.96 
2.23 
0.52 
0.80 
0.45 
0.26 
0.50 
0.46 

2.00 
2.21 
1.63 
1.31 
0.13 
1.12 
0.21 
0.45 
0.26 
2.88 
1.16 
3.10 
0.20 
1.08 

1.30 
1.86 
2.03 
2.68 
1.89 
3.98 

2.42 

0.05 
0.08 

0.37 
0.54 
0.54 

0.56 

1.20 

1.69 
2.63 
0.75 
1.25 
0.90 

2.47 
0.50 
0.24 
10.20 

1.22 
0.31 
0.02 

-0.92 
-1.02 
-1.21 
-1.02 
-0.72 
-1.10 
-0.25 
-1.35 
-0.37 
-1.37 
-1.24 
-1.08 
-0.52 
-1.24 
-0.08 
-1.11 
-0.94 
-0.88 
-1.35 
-0.93 
-1.08 
-1.58 
-1.43 
-0.55 
-0.28 
-1.38 
-0.58 
-0.48 
-1.05 
-0.99 
-1.20 
-1.38 
-1.06 
-1.18 
-1.08 
-0.93 
-1.70 
-0.96 
-1.05 
-1.15 
-0.82 
-1.63 
-0.62 
-1.29 
+0.34 
-1.41 
-0.29 
-1.61 
-1.25 
-0.37 

-1.51 
-1.06 
-1.39 
-1.13 
-0.77 
-1.23 
-0.26 
-1.51 
-0.61 
-1.59 
-1.62 
-1.65 
-1.05 
-1.40 

-1.24 
-1.08 
-1.21 
-1.76 
-1.08 
-1.43 

-1.61 

-0.42 
-1.39 
-0.58 
-0.69 
-1.17 
-1.09 

-1.90 
-1.02 
-1.21 
-1.29 
-1.07 

-0.77 
-2.52 
+0.28 
-1.77 

-1.71 
-1.55 
-0.62 

-0.72 
-0.72 
-0.84 
-0.85 
-0.63 
-0.88 
-0.22 
-1.30 
-0.15 
-1.10 
-0.87 
-1.06 
-0.13 
-1.23 

-1.10 
-0.63 
-0.75 
-1.30 
-0.90 
-0.83 

-1.18 

-0.14 
-1.32 
-0.57 
-0.25 
-1.00 
-0.64 

-0.68 

-0.20 
-0.82 

-0.40 

+0.80 
+0.08 
-0.18 
+0.24 
-0.25 

-0.50 

+0.01 
+0.40 

-1.08 -0.72 

-1.22 -0.66 +0.40 0.20 

-1.62 
-0.78 
-0.94 
-0.73 
-0.59 

-0.46 
-0.58 
+0.41 
-1.25 

-1.53 
-1.00 
-0.12 

0.19 

0.05 

0.45 

0.60 

0.13 

0.20 

-0.20 
-0.48 

-0.28 
-0.23 

-0.36 
+0.64 

0.10 

0.90 

0.33 

0.15 

0.68 

0.70 

0.30 

0.35 

0.45 

0.34 

22.1 

22.2 

21.6 

21.7 

22.7 

0.80 

22.4 

21.6 

23.4 

20.7 

0.20 - 0.50 
0.44 - 0.50 

-22.5 
-22.2 

1 Values are corrected for Galactic extinction but not ^-corrected. 

1309-217.—We did not detect emission or absorption lines 
in the spectra of this radio-selected object (Impey & Ta- 
pia 1988). The continuum is well described by a simple 
power law. 

1400+162.—Spectra of this radio-selected blazar (Angel & 
Stockman 1980) are structureless and well described by a 
power law. 

1402+042.—The continuum of this X-ray selected BL Lac 
objects is structureless. We observed the source at two flux 

levels finding that the energy distribution is described by a 
power law with a relatively steep spectral index. 

1407+022.—A power-law model (a ^ -1) describes the 
featureless emission of this radio selected BL Lac object of 
unknown redshift. 

1514-242.—AP Librae is a classical radio-selected object 
(Strittmatter et al. 1972). We observed the source on seven 
occasions and found flux variability of up to 1 magnitude. The 
optical energy distribution clearly shows the presence of a ther- 
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Fig. 2.—Decomposition of spectral flux distribution for objects with a significant host galaxy component. Spectra were corrected for interstellar 
extinction according to values oL4Freported in Table 2. The spectra are decomposed into starlight {dottedline) and nonthermal {dashedline) components. 
The resulting best fit {solid line) is also shown. Spectra plotted are marked with an asterisk (*) in Table 3. 
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Fig. 2—Continued 
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142 PALOMO, SCARPA, & BERSANELLI Vol. 93 

Fig. 3.—Distribution of optical spectral indices. ( a ) Radio-selected ob- 
jects compared to X-ray selected objects {shaded area), {b) Weak-line 
objects compared to strong-line objects {shaded area). 

mal component from a host galaxy, which contributes 33% of 
total flux. The spectral index remained practically constant; 
only in the observation of 1987 August, at the minimum de- 
tected flux level, did we observe a spectral index significantly 
flatter. The host galaxy absolute magnitude is Mv = -21.6 ± 
0.2. This value is in agreement with all the previously reported 
values (Ulrich 1989; Abraham et al. 1991; Palomo et al. 
1993a; Stickel et al. 1993). 

1519-273.—We obtained one spectrum of this faint (raF ~ 
19) radio-selected object with unknown redshift. We found 
that the energy distribution is structureless ( in agreement with 
White et al. 1988) and well represented by a simple power-law 
model. 

15383-149.—The flux density of this radio-selected blazar 
( Angel & Stockman 1980 ) shows large variations ( more than 1 
magnitude) while the spectral index remained essentially un- 
changed (Aa ^ 0.28). The energy distribution is the steepest 
(a ^ -1.7) observed in our sample. 

15533-113.—We repeatedly observed this bright X-ray se- 
lected object obtaining 12 spectra, all described by a power law 
with a ~ —i. The continuum is featureless. The magnitude 
varied by Am = 1.4 in 5 years. In the same period the spectral 
index remained nearly constant showing a maximum varia- 
tion of 0.24. 

17223-119.—The optical continuum of this X-ray selected 
object recently discovered by Brissenden et al. ( 1990), is well 
described by a power-law model with stable spectral index 
Aa ^ 0.27 ). We have observed this source 4 times in 4 consecu- 
tive nights finding a variation of 0.3 magnitudes. 

17493-096.—We observed this radio selected BL Lac in a 
large range of luminosity. The spectral index showed large vari- 
ations {Aa ~ 1.4) correlated with flux density. This effect, 
however, is readily explained by the strong variation of the 
relative emission from the host galaxy and the nonthermal 
component. When the power-law emission is maximum the 
spectrum is flat and, vice versa, at minimum the red part of the 
spectrum is enhanced because the stellar emission is stronger 
at these wavelengths. After accounting for the thermal emis- 
sion, spectral index variability is largely reduced (Aa ^ 0.55) 
and the correlation disappears. The thermal component from 
the host galaxy contributes on average 20% of the total. The 
corresponding absolute magnitude of the galaxy is Mv = 
-23.4. This is the only case of a marked discrepancy (Am K ~ 
-0.8) with the values of Mv estimated by Palomo et al. 
(1993a). 

2005-489.—Even though this bright radio source is well 
resolved in direct images, which show a large elliptical nebulos- 
ity (Wall et al. 1986), our 15 spectra of the source are all 
described by a simple power law, indicating that the central 
source is largely dominant. The flux density exhibited changes 
up to 100% while the spectral index shows variations smaller 
than 0.5. 

2012-017.—We obtained only one spectrum of this radio- 
selected source, which is featureless and well described by a 
power law with a steep (a ~ -1.6) spectral index. 

2155-304.—This bright (mv ^ 13) X-ray selected BL Lac 
object, was discovered as the optical counterpart of the X-ray 
source H2155-30 by Griffiths et al. ( 1979). We have repeat- 
edly observed this object obtaining as many as 23 spectra over 
six campaigns. The source showed flux variability on long time- 
scales (Am = 1.3) but remained quite stable on short time- 
scales. At all flux levels spectra are well described by a power- 
law model with nearly constant (Aa ^ 0.3) spectral index. 
Note that the structure observed at ~5700 Â is due to a small 
residual from the grating efficiency calibration. 

22013-044.—This is a nearby z = 0.028 source classified as a 
BL Lac (Angel & Stockman 1980). We find that in the optical 
range emission from the host galaxy is very strong representing 
on average 85% of the total flux. This is responsible for the very 
large error in the spectral index determination; thus the mini- 
mum value (amin = -2.5) is highly uncertain. Decomposition 
gives a host galaxy magnitude of Mv = —20.7 ± 0.2 consistent 

TABLE 5 
Mean Spectral Indices of Subclasses 

<<*>■ N, objects 

-0.98 ± 0.43 
-1.05 ±0.42 
-0.65 ± 0.30 
-1.05 ±0.35 
-0.75 ± 0.57 

(50) 
(40) 
(10) 
(37) 
(13) 

Subclass 

All  
Radio-selected  
X-ray selected  
Weak emission lines . 
Strong emission lines 

a The quoted errors are the sample variances (rms) of the distributions. 
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with -20.8 found in the optical to near-IR range (Falomo et al. 
1993a). 

2208-137.—This radio-selected blazar (Moore & Stock- 
man 1981 ) is the only object in our sample that shows a posi- 
tive spectral index. The spectra exhibit strong broad Balmer 
emission lines while the [O m] emission lines are narrow. The 
continuum is consistent with a power law model. 

2223-052.—The weak-lined, high-redshift z = 1.404 (Bur- 
bidge, Crowne, & Smith 1977) and high-luminosity blazar 3C 
446 is a well-known object, intermediate between a typical BL 
Lac and the strong-lined objects like 3C 345 (Bregman et al. 
1988). This source is one of the most luminous QSOs known 
and yet is one of the most rapidly variable (Hufnagel & Breg- 
man 1992 ). We obtained four spectra, all described by a power 
law model, at very different flux levels, observing a variation of 
more than 2.5 magnitudes (the largest observed in our 
sample). 

2230+115.—The spectrum of this radio-selected object is 
curved and only marginally consistent with a power law. We 
detected a strong emission line at X ^ 5715 Â which if due to 
Mg il (X = 2798) gives z = 1.037. 

2240-260.—No emission lines are found at z = 0.774, as 
proposed by Stickel et al. ( 1993) on the basis of very weak 
emission lines. A power-law model with constant spectral in- 
dex describes well the featureless spectrum while the flux den- 
sity varied by more than a factor of 2. 

2254+074.—This object is resolved in direct images 
(Craine, Tapia, & Talenghi 1975; Stickel et al. 1993) showing 
the surrounding host galaxy. We found that spectra clearly 
exhibit the presence of the thermal component with a mean 
contribution of 37%. We deduced a host galaxy magnitude of 
Mv = -22.5 ± 0.2, compatible with the value Mv = -22.5 ± 
0.2 found by Falomo et al. ( 1993a), but substantially smaller 
than Mv ^ -23.3 found by Stickel et al. ( 1993) and by Ro- 
manishin (1987). The spectral index shows variations up 
to 0.5. 

2356—309.—This X-ray selected source detected by the 
Uhuru satellite was identified with 2imv~ 17 BL Lac object by 
Schwartz et al. ( 1989). The observed spectra show the clear 
signature of the underlying galaxy. The energy distribution is 
well described by a power law plus 50% thermal emission. The 
resulting absolute magnitude of the host galaxy is -22.2 ± 0.2 
in agreement with the one estimated from direct imaging by 
Falomo ( 1991a). 

We thank J. E. Pesce for useful suggestions on the text and 
M. Calvani for his availability and assistance in using graphic 
facilities. This research has made use of the NASA/IP AC Ex- 
tragalactic Database (NED) which is operating by the Jet Pro- 
pulsion Laboratory, Caltech, under contract with the National 
Aeronautics and Space Administration, and of the graphics 
package Super Mongo by R. Lupton and P. Monger. 
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