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Abstract. We use250 radio loud quasars with UBV photome-QSQO’s, in particular luminosity subclasses. If identified inside
try available and < 1.65, to study whether there is a gap in thehe wide luminosity range, they would give clues to the physics
distribution of absolute magnitudes, frohdy,, ~ —25.8 (for of the central engine and its relation to host galaxies and en-
H, =100 kms~! Mpc™1, ¢, =0.5) to —25.3, as was suggestedvironment. They would illuminate the question of “luminosity
by Teerikorpi (1981b; Paper I). In Paper | it was also proposed. number density evolution” and suggest ways of testing the
that there is a class of the most luminous radio quasars, differpgpular, though debated unified scheme. Luminosity classes of
in some properties from fainter quasars on the other side of R80O’s could also provide high-redshift “standard candles”.
gap. This study has its roots in Paper | (Teerikorpi 1981b) where
The main conclusion of Paper | remains intact. The gap in thegyap in the bright edge of the optical luminosity distribution of
distribution of absolute magnitudes is confirmed with the nesadio loud quasars was noted. Originally, the topic was galac-
formalism of cosmological Malmquist bias (Teerikorpi 1998}jc reddening (Teerikorpi 1981a: Paper la), for which evidence
which allows one to use heterogeneous samples with magnituges sought from residual§ B — V') from the (B — V), vs.
inhomogeneity. z relation. The bright edge of th§B — V') vs. M{, diagram
Comparison of optical variability and polarization of1f{, is the absolute magnitude corrected for the K-effect) was
quasars on either side of the gap supports the conclusiorfdand to slope as expected for differential extinction, andx-
Paper | that the gap separates quasars with differing propertjgsstedly to be defined by a band of quasars. Hence, correcting
with a tentative class “Al” around{y ~ —26.0 (or —27.5 for M/, along the reddening line resulted in a group of luminous
H, = 50). Al quasars are less variable than fainter quasars jugtasars, apparently separated by a gap from the fainter ones.
beyond the gap, as already suggested in Paper I. Also, opticalOptical variability and some radio properties were inspected
polarization of Al's is low, typically less than 1 percent, whilén Paper | for differences between the fainter quasars and the
beyond the gap one finds higher polarizations, mostly betwemrggested separate group. These supported the idea of a sub-
1 and 10 percent. class, though the data and methodology did not yet permit a
That the Al population is rare below ~ 0.5 may relate definitive proof. New developments warrant a fresh look at this
to the observation that low-redshift quasars and radio galaxsgject:
avoid rich clusters. For < 0.5 the variability of the fainter ones )
is similar to the Al withz > 0.5. Forz > 0.5 the optical activity ® Th€ sample of UBV measured radio quasars has grown to

starts to increase. Optical polarization behaves in an analogou@P0Ut 250 £ < 1.65). _ o _
manner. e There is more information on optical variations from moni-
The evidence justifies further studies of the quasars in the AIf0Ting programmes, and on optical polarization.
absolute magnitude domain and its vicinity, including analys?s The recent formalism of “cosmological Malmquist bias”
of their radio properties and high resolution imaging of their (T€€rikorpi 1998) may be applied to check the existence of
hosts and environments at these intermediate redshifts (Papef€ 9ap in the magnitude distribution.
I1I-IV/). As the Al + the gap may be related to a phase of galaxy 1"€ large sample permits one to check {fie— V'), vs. z
clustering, it is important to know at how high redshifts it is "€lation used in Paper |

already present. Two points should be kept in mind when one looks especially at

radio loud quasars. First, radio loud AGN’s, including quasars
and radio galaxies, are mostly hosted by elliptical galaxies (Wil-
son & Colbert 1995). Second, there is a strong selection differ-
ence between quasars and radio galaxies. One has access to
optically luminous galaxies only. Quasars, with their higher lu-
The present work bears on a permanent problem for activénosities, suffer less from this limitation at similar redshifts,
galactic nuclei (AGN): the absence of distinct subclasses amargl we sample a wider quasar, and plausibly, host galaxy lu-
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minosity range. Hosts are not confined to giants (Bahcall et 0s | V<175
1995) and there is evidence that luminosities of quasars and tl .
hosts are correlated (Kotilainen et al. 1998). Though masked
quasar light, one may ask whether the hosts can leave a sic  %¢
ture in the luminosity function (LF) of quasars, thus directin
our attention to quasars with specific properties? D>0 0.4
Consider, for instance, giant radio galaxies which define
narrow optical LF. The unified scheme says that such galax
should harbour quasars. On the other hand, the masses of ¢
pact objects in the cores of galaxies are well correlated with t
(bulge) mass of the host (Kormendy & Richstone 1995; Magc  °°
rian et al. 1998). After such information, it would not be s
strange to find those quasars in a narrow luminosity range, [
haps separated by a gap from fainter quasars, hosted by o
kinds of galaxies. Though just one possible scenario, it give: %21
reason to look carefully at the bright wing of quasars’ LF whic
is also observationally best accessible. 0.6 -
It is also important to note that as the whole population
active galaxies has certainly evolved with look-back time, ai>
distinct classes may exist only within restricted redshift range®
corresponding to global evolutionary phases of the populatic
The present paper studies the gap in the magnitude distri ~ °?
tion, found in Paper |, and inspects optical properties of quas
on both sides of the gap (variability, polarization of light). Pe o0
per Il will discuss properties of double radio sources, updati

0.2

o

4 -

the analysis in Paper |, and Paper IV is planned to study h ,

galaxies and cluster environments, based on observations at the

subarcsecond resolution NOT telescope. Fig. 1.aB —V vs.z for quasars with/..; < 17.5. b for the subsample
with M, < —24.5. The curve is the “zero-relation” adopted in

Paper la.

2. The sample and optical data

The catalogs of Hewitt & Burbidge (1993) ancekon-Cetty 2.1. B — V —reddeningsKy — corrections
& V éron (1993) were searched for data with criteria close
those in Paper la, i.ex < 1.65, UBV photometry available,

flux densities larger thaf.15 Jy atA = 11 ¢m. Now quasars

with large optical variability are included in some parts of th
analysis, though the study of the magnitude gap is made
in Paper I, i.e. excluding violent variables (amplitude1.2

IEQaper la used quasars to study galactic extinction: discovered
in radio, luminousquasars at medium redshifts are not easily
ushed beyond the magnitude limit, when they happen to lie
ehind obscuring clouds. This very fact means that it is impor-
t&fit to make extinction corrections to the magnitudes of radio
selected quasars. A measure of extinction refering to the line of
. . - . ) géi'&ht is optimal. Paper la concluded that the K-corredtedV
magnitude with a minimum brightness magnitudg. colour is stable enough. The structure in the LF was noted only

Therelevantarea< 1.7,V < 17.5inthez—V plane, isin- agerB — V was inspected as a reddening indicator.
completely covered by UBV measured quasars. A well-define Fig. 1a shows thé — V vs. z diagram forV’ < 17.5 mag

magnitude—l.imited sample is needed for deriving a smoothgﬂd the(B — V), (=) relation (shown as a line) from Paper Ia,
LF aver a wide magnitude range (c.f. La Franca et al. 1994)'approximating unreddened colours. This relation follows rather

The present work has another aim within a narrow lurmy; ithfully the lower envelope of the data. Hence, also the pre-

nosity range, for which even the heterogeneous catalogs o Blus Ky (z)-terms, derived by Sandage’s method from the
valuable data. First, we check with a larger sample whether —V)(2) relati(j)n are used here. In comparison, the K-

structure suggested by Paper | is still visible in histograms rms of Cristiani & Vio (1990) differ at most 0.1 mag from
absolute magnitudes, when one uses photoelectric magnit 836 valuds

corrected for K-effect and extinction, and takes into account op-

tical variability. Then, we verify whether the structure remains: .4 sero point of reddening is roughly tied thg, the Galactic

when one applies the method of cosmological Malmquist big§secant law coefficient. If one changés, the (B — V). () curve
(Teerikorpi 1998). This will encourage us, in the third phase, &piifts up or down by-0.3(A5 — 0.35). It is not critical here, which
study whether the gap in the magnitude distribution separaggssonable value ofi 5 is used. In Paper la it was concluded that
quasars with different properties (this and Papers llI-1V).  Ap ~ 0.35 mag, and thatlz > 0.2 mag (at least).
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Paper la and the Appendix A discuBs- V' as a reddening a.
indicator. Abover ~ 1.6 the increased scatter i — V detori- ™| 1
ates its use. In Paper la, the increase was partly ascribed to N
emission line CIV (1549\) entering the B-band. Plausibly, the
scatter is also due to the UV bump (Malkan 1983) and increas
continuum variability at short wavelengths.

One might worry about the Baldwin effect: emission lin
strengths depend on continuum luminosity, causing scattet
(B — V),. However, in our restricted magnitude range, onl
a small systematic influence is expected. We show in Fig.
B — V versusz below M,,;, = —24.5 mag: this impor-
tant subsample defines a good zero-line especially in the rai
0.5 < z < 1.3 that will be shown to reveal best the propose
structure in the LF. Note that far < 0.5, B — V for luminous
quasars deviates upwards from the “standard” relation basec
all quasars. 5t

2.2. Basic data

Table C1 in the Appendix C gives for the sample quasarst ;|
relevant dataz, absolute magnitud#/,,,;,,, catalog magnitude
Veat, B — V, variability amplitudeAm, variability information
level, and minimum flux magnitudg,,;,, .

After Grandi & Tifft's (1974) list of optical amplitudes, used |
in Paper I, monitoring programmes have expanded the ve
ability data. We collected such information using references
Grandi & Tifft (1974) and from more recent monitoring paper y
Scottetal. (1976), Picaetal. (1980), Moore & Stockman (198:

Lloyd (1984), Webb et al. (1988), and Smith et al. (1993). Th 265 260 285 250 S M e
search resulted in aboi0 objects with the level of data given
roughly as 1 - notes on variability2 - monitoring< 2 years, c. 05<7<13

3 - monitoring> 2 years. Historical light curves (before 1950N
were not considered.

With variability data, one may often replace the catalog ma
nitudeV,,; by a minimum fluxv,,,;,, that hopefully approaches
a quiescent level of the quasar. From the data we derived
amplitudeAm = Mpin — Mmaz- When possibley,,,;,, was
taken from the light curve. These are oftenBnor m,,, re- 5
quiring B — V, which adds uncertainty t®,,,;,,, but the error
is less than typical variations. In some cases, noted in Table
as “4!", V is much fainter than the light curve level.

M,,.:» is calculated fronV,,,;,, with g, = 0.5 andH, = 100
kms~'Mpc!, and it is corrected for the K-effect and extinc: ° 265 260 255 250 25y
tion as in Paper la.

Much of the new photometry comes from a small telescop@. 2a—c.Distribution of M,,:»: a when variability information level
(Adam 1985), increasing errors Bi— V for faint objects. Even is 1 - 3(continuous curve) and without information, i/&c.: (dashed
many bright ones have one old UBV observation only. In T&Urve),b for all the quasars (upper curve) and for the quasars with
ble C1 interested observers find easily such cases. This pgppotoelectrict’, ¢ for quasars in the rangé5 < z < 1.30 and
also gives motivation for accurate photometry of bright quas&t&itting objects with variability amplitude 1.2 mag. Now the Al
with no previous UBV. peak contains 28 quasars.

10

min

the Friedmann model parametéfs = 100 andg, = 1 the his-
togram suggested a peak &, = —25.5 and a gap around

In Paper | we simply calculated the histogram of absolute mag25.2. Naturally, such a procedure does not produce any actual
nitudes from the catalog apparént,, magnitudes of the sampleLF. At any redshift the magnitude limit cuts away quasars fainter
quasars, corrected for the K-effect and Galactic extinction. Withan some absolute magnitude which depends. @enerally,

3. Raw distribution of absolute magnitudesM, ;.
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Fig. 3. A schematic display of the run of averalyg z's for two stan- b © o
dard candles classes with different average absolute magnitudes o2 K e % °
dispersions. Cosmological Malmquist bias makes the curves devi O R
from the standard Mattig curves, and they cannot be obtained fr(
. . . . N
each other by a simple horizontal or vertical shift. 2 ool o0 T e
8 Ky 00 Q9P 00
Ko (e) O. O Q °
a oe oo ® s
. . . . . . o0
there is no unique magnitude limitand the incompleteness oft | °©00 97 &
heterogeneous sample depends in an unknown manner on %00 °
magnitude and varies across the sky. The raw distribution of ¢ ©
solute magnitudes is strongly distorted (c.f. LaFrancaetal. 19 oal

showing that the general LF of radio quasars increases at le " 15 1 7 1
up to—23 mag). Nevertheless, we first inspect the histogram vi
absolute magnitudes, understanding that this may only givé&ig. 4a and b.The differenceA log z between observed and predicted
noisy signal, if any, from a possible narrow LF structure.  logz, when it is assumed that M, = —26.0 andoy = 0.15, and
In what follows, we use instead @f = 1 the more plausible P Mo = —25.2andoas = 0.15. The redshiftrange 8.5 < z < 1.3,
value ofg, = 1/2 (withoutA; the present work does not discusgnd the objects with known variability 1.2 mag are not included.
the Friedmann model parameters). Fllled/open circles denote quasars W|th/W|thout ve:rlabl_llty_ informa-
Repeating the calculation of Paper | with trtalogmagni- tion. In the upper panel the horlzontalllln.ezémogz = 0 indicates
tudes of the present sample, we found that the featur@a Al. The shqrt vert|cr_;1l segment roughly indicates the |an_uence ofa0.2
. ) . ) mag error in magnitude on the calculated redshift residual. The gap
was shifted to—26.0, and the gap is around25.5. It is still originally suggested in Paper | is now clearly visible.
our working hypothesis that this structure is due to a class sep-
arated by a gap from fainter quasars. The “hypothetical class”
of Paper |, we call it now Al. rection). A majority (60 percent) af4,,,;,, for the quasars with
Fig. 2a shows the histogramsaf,,;,, andM..., for quasars variability information come from a photoelectfic(i.e. V.. is
with and without variability data, respectively. The Al feature ifainter than the estimateld from light curves or other source).
seen in both cases, thoudh.,, shows a tail of “overluminous” Over 80 percent of ald/,,,;,, come from a photoelectri (see
quasars and tend to scatter into the gap between Al and fairktig. 2b).
guasars. This is as expected from variability. A genuine Al feature should benefit from the exclusion of
The role of other than photoelectris4,,;,,) magnitudes is data that are known to increase scatter. Fig. 1b showed that the
not large (recall tha3 — V is needed for the reddening cordower envelope ofB — V' vs. z for luminous quasars is best
defined wher).5 < z < 1.3. Restriction to this optimal-range
2 As noted by the referee, one may wonder if it is appropriate to uaad excluding the most variable quasars (with amplitudie2
a bin of 0.1 mag, when the random error in the calculdtet atleast mag, as in Paper |), makes the putative peak stronger (Fig. 2¢).
as large, and when the suggested gap has a width of the same ordertifs even though noisy, the simple histograms motivate further

the question is rather about the separation of a peak from the “edgesﬂ]‘ldy towards the 2nd phase, as outlined in the beginning of
the fainter quasar population. This separation would be about 0.5 m, ct. 2 '

The pointis how to define the position of a narrow peak, when random . . . .
; . ) : . We emphasize that smoothed luminosity functions as de-
errors make it broader than in reality? One cannot use a bin which is

much larger than the error. It should rather be smaller, because d’r%?d e.g. by La Franca et al. (1994) for the study of the evolu-

in this way one can see the statistical (gaussian) envelope centeref] @ of QSO populations, from a large complete sample, are not
the position of the peak. Naturally, a too small bin produces excessf¥Pected to reveal the structure here discussed. Variability, aver-
noise and unreal features, which disappear when the size of the sarAgle extinction corrections, and wide redshift ranges will smooth

is increased. out such details. Nevertheless, it is interesting to see from Fig. 5
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of La Franca et al. (1994) that in the range< 1 their LF of "
radio quasars practically ends arouhl, = —26.5 (with our o2l o o
H,), and in the rangeé < z < 2, there is a steepening arounc © & O e
-26.0. ° ® o
> 00L& Oo ° <.> o ° o
% X O... & 0 ooo;
. . . = o o
4. The method of cosmological Malmquist bias g °, o . .f)o:dg ?;: 0© 8 00
Calculating the histogram of absolute magnitudesismoreorle -2t ®e o w00 @ © o0
equivalent to inspecting the Hubble diagram in the sense. o7 00 ,® o0 8
logz and shifting the quasars along the standard Mattig (195 o o® o 0b
curves down to the redshift corresponding éopc in distance. o4+ 0 %000 ® Qo
As was noted above, such histograms do not display any ti 14 5 16 w 1By,

luminosity functions, ar.'d real structures such as gaps maYIQe. 5. The difference between observed and predi¢ted, when it
obscured by the c.ompllcated and unknown selection funct;%sumed thatf, — —26.0 andoas — 0.15. The redshift range is
of gpparent magnitudes. Hence we use also another appr 0.1 < 2 < 1.65.
which abates these problems.
Teerikorpi (1998, hereafter T98) studied the influence of
Malmaquist bias on the run of Gaussian standard candles in the Firstly, completeness variations in the apparent magnitude
Hubble diagramlpg z vs. m), i.e. the Malmquist bias of the constitution of the sample do not affect the run of thg z-
1st kind, in terms of Teerikorpi (1997). T98 showed that in tH€sidual and, in particular, the visibility of the relak = gap
Friedmann universe one must replace the classical (const&ffyveen A and BSecondlyin general the width of the gap
Malmaquist bias correction by a cosmological correction whickepends ori.. Thirdly, though the detailed run of A and B
takes into account the differences from the ordingsyolume depends on the cosmological model (and etc.), the gap is
andr—2 -flux laws and the non-zero K-effect. visible in thelog z-residuals even with an approximate model.
The Malmaquist bias iflog z) comes to depend on the apFourtth, there is an effect of optical variability: when the min-
parent magnitude: in a manner which depends on the averad@um magnitude is poorly or not known there will be a shift in
absolute magnitudMo and the magnitude dispersim[ of <10g Z> at a fixedV., in Comparison with the quasars for which
the standard candle and also on the Friedmann mafiglg,). Mmin is better known. This should be taken into account in the
Such an understanding of what happens inltie: vs.m ~ calculation of the predictedog z) (V).
Hubble diagram has a useful application hétgermits one An estimate of the variability effect was obtained from the
to study the existence of standard candle-like subclasses a{arage differenceu,;;, — m,. for the sample quasars with
gaps between them when one has available only heterogeneiiiability information level 2 or 3. FoM i, < —24.0, this
data.ltis sufficient to assume, reasonably, that at each appar¥iglds a difference of 0.2 mag which has been addeti/tdn
magnituden the observed members of the subclass follow ti{Be calculation oflog z) (Ve) for the quasars with poor or no
underlying redshift (distance) distribution. variability information.

4.1. Schematic explanation 4.2. Application to the data and the reality of the gap

We illustrate the approach in Fig. 3, showing ifog 2 vs.m We presentin Figgl - 5 theA log z vs. V. diagramin three vari-
diagram two standard candle classes A and B with different @ts: for thez-range 0.5 - 1.3 where the predictiofisg ) (V)
eragelM, and differento,,. Now the averagelog z’s do not Were calculated fon/, = —26.0 and—25.2 (Fig. 4), and for
follow the Mattig curves corresponding tl{,¢,,M,). The ex- the total range 0.1 - 1.65, with/, = —26.0 (Fig. 5). The de-
pected run oflog =), must be calculated from Eq. (13) of T9gCeleration paramete, = 5. The dispersiom is taken to be
where one replaces: — f(z) by m — f(z) — K(z). A sub- 0.15maginthe displayed diagrams (other values from 0.0t0 0.3
tlety was pointed out by T98: one should have in itz vs. Were also tried, but the changes are not significant). The quasars
m diagram the apparent magnitudewithoutthe K-correction with poor variability information, for which the magnitude shift
(but with Galactic extinction correction) when one comparé¥ 0.2 was applied, are shown with a different symbol. The dia-
the data with the thus calculated theoretical predictions. SUgiams are restricted to quasars withy,;, < —24.0 mag, hence

a magnitude, corrected only for extinction, will be denoted H{je cut-off at smali\ log z. Note that the inclined right and left

V.. Then, the interesting quantity is the residialog z envelopes are caused by the redshift limits.
The small vertical bar approximately shows how much an
Alog z = log z — (log z) (V¢) error of 0.2 mag influences the calculat&dog z-residual.

The diagrams reveal a clear gap over a wide apparent mag-
which for a genuine, non-evolving standard candle class shouitlde range in the distribution of theg = residuals, corre-
not vary as a function o¥,. This approach invites a few com-sponding to the previously suspected gap in the distribution of
ments: absolute magnitudes, but now much more convincingly seen.
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' ' ' ' This must be due to the present method which decreases the
a. 0.1<z<05 distortion in theM histograms caused by the heterogeneous
ar 1 magnitude selection.
3t . 4.3. Properties of the magnitude gap
E The Al class, defined by the filled circles, appears as a horizontal
% 2| e | concentration around log z =~ 0, when(log z) (V.) is calcu-
Q . ° o0 lated withM, = —26.0. The low- and highz quasars added to
e o o 2 ° o| Fig.5somewhat widen the apparent magnitude range where the
ir e ° ° o ® 1 gapisvisible.
e S 8 o The gap gets narrower towards fainter magnitudes, because
ol . o . . | the lower edge of the gap steepens. The slope exists, though is

26 P o2 23 smaller, even when one usé$, = —25.2. This may reflect

the simplified assumption that the lower edge can be treated as
a standard candle. We have not considered any evolution. For
example, if the comoving number density of quasars increases
with redshift, it would makeA log = grow with V..

Itis in general plausible that Al and the gap exist only in a
restricted z-range, because of the evolution of the quasar pop-
N ° ] ulation, e.g. via mergers of potential hosts in galaxy systems.

° Such questions, also related to the adopted Friedmann model,
® are outside of the scope of the present paper.
T The steepening may also partly reflect unaccounted optical
variability which shifts quasars over the magnitude limittowards
brighter magnitudes and too small calculatésk z) (V.). In-
deed, in Sect. 5 the “fainter edge” quasars are seen to be more
variable than Al objects.
, It is natural to ask whether the magnitude gap is a division
line between objects of different properties, and specifically
whether the class Al as was suggested in Paper | is a viable
working hypothesis. Are there differences and in which prop-
C. 13<7<1.65 erties when one crosses the gap between Al and the edge of the
fainter LF part?

If they were to support the gap as a division line, the changes
° across the gap should not be just due to a gradual dependence
on luminosity, and one would expect the contrast in some prop-
erties be large already close to the edge. We first inspect two
interrelated optical characteristics: variability and polarization
2 1 of light, for which quite some data exist.

Delta m

Delta m
[ ]

1F 1 5. Optical variability: dependence on luminosity

° o Paper | suggested that quasars in the Al range are less variable
ot . . . . 1 than fainter quasars. Indeed, for a visible structure to appear in
-26 25 -24 23 the distribution of absolute magnitudes, such objects should not
Mmin vary too much. Though amplitud&m is not ideally defined
(e.g. sampling periods and amounts of data vary from quasar to
formation level 2 (circle) or 3 (filled circle) in the redshift rangeﬁquasar), one v.von.(jers if the trend still exists when the sample is
a0.1<2<05b05<2z<13,¢c1.3 <z < 1.65. Increase of arge_r and variability better known. ) ) o
variability with decreasing luminosity and increasing redshift is con- Fi9- 6 showsAm vs. M, for objects with monitoring

trary to what simple selection (apparent magnitude, slowing down gvel 2 or 3, in thez-ranges 0.1-0.5, 0.5-1.3, 1.3-1.65. Now
redshift) might produce. The line in indicates the trend in the nextalso violently variable quasars are included. One sees the same

smaller redshift range. thing as before: Al quasars are not very variable, and the optical
activity increases when one crosses the gap. Note that this trend
is best seen for well monitored quasars, as expected if it is real.

Fig. 6a—c. Variability amplitude againsi\/,,;, for quasars with in-
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Fig. 7. Polarization againsi/,,;, for quasars in the redshift range

0.5 < z < 1.3. Dots are quasars with good variability monitoringFig. 8. Variability or polarization/1.3 against absolute magnitude

open circle means poor or no variability information. Only polarizatioA/min for Al quasars and for fainter quasars in the magnitude range

measurements witl/op > 2 are included. The line indicates the—25.5 - —23.5. Redshift range is 0.5 - 1.3. Dots give variability from

level of 2 percent polarization. Typical error bars would be 0.3 - 0@P0d monitoring, triangles give polarization/1.3, when good monitor-

percent. ing does not exist. The three horizontal line segments give medians for
Al and the ranges-25.5 - —24.5 and—24.5 - —23.5.

Studies on how variability depends on luminosity or redsh|vf\tlFre searched for data (Moore & Stockman 1984; Stockman

have yielded varying conclusions (see Hook et al. 1994 an al. 1984: Impey & Tapia 1990: Berriman et al. 1990: Impey

, . K . e
VeTO”.& Hawkms 1995 for revu?ws): Most studies concludeth(? al. 1991; Wills et al. 1992; Hutsemekers 1998). Only values
variability increases when luminosity decreases, both for radio N

With P/op (polarization: error) larger than 2 were accepted,

loud and faint quasars. Generally the change has been t"ﬂkegn&}fwhen more than one measurement were reported, the best
continuous, but interestingly,&fon & Hawkins (1995) noted P '

for their sample of (mostly) radio faint QSQO’s an abrupt increaslvjel/tﬁgr:]aet'?hve\lﬁai?neﬂ'm\/\\llgleuneF\J,\(l);ir,:;ig(;n_l_t;]s;dr;\llsag?/azggzgﬁg
of variability aroundMp = —24.0 (for H, = 100, g, = 0). ! ) P

Different sample criteria, corrections, andanges do not allow in Table C1 were corrected for the error bias using the recipe of

. ; . Simmons & Stewart (1988)
a direct comparison with the present result. . o :
. N These data show that all quasars with polarization higher
Fig. 6 shows that quasars with similif vary above: = 0.5 an 2 percent, have optical variability (when known from good
more than at small redshifts (c.f. Fig. 8). Cristiani et al. (199 P ' P y 9

also state that their optically selected sample is more act|vém't0”ng) larger than 1 mag. Fig. 7 shows the polarization

abovez — 1, which may reflect the shift towards shorter rese%gainst absolute magnitude for the quasars with (dots) and with-
Wavelengthé: (Giallongo et al. 1991) out (open circles) good monitoring. One notes the concentration

It is clear that Al is less variable than the fainter quasa(r)s]:AI slightly below P> = 1 percent (with two exceptions having

in the = range 0.5 - 1.3 (at smaller Al is absent). But is the very high polarizations- 10 percent; as they must be violently

. o variable, their location on the Al part of the magnitude axis may
difference significant already close to the edge beyond the ma il be accidental). Fainter quasars dow 5 have Svs-
nitude gap? We used the median test (e.g. Mack 1975) to t[est ) q i Y

the amplitude difference between Al and the fainter quasaﬁamat'ca”y higher polarllzat|on, W'th the medianzapercent,
. . Umbers are such that in Al magnitude range 2 out of 16 are
either down toM,,,;,, = —24.8 or —24.5, for well monitored

guasars. The test tells that the difference is significant at be{?@hly polarized, .Wh”e inthe range25.5 - —24.5 11 are highly
anFI 11 low polarized.

than 98 percent level for both cases. This agrees with the vista Hence, the polarization of quasars, both with and without

impression that the activity of well monitored quasars rather o Lo . . L
. ) . . good variability monitoring, behaves as expected if their activity
abruptly increases when the optical gap is crossed. Polarization

. . . ) . increases across the gap. Note that along the magnitude range
gives further evidence, as discussed in the next section. T ;
of Al the small polarizations do not change, while they start

to scatter over the 2 percent level when the magnitude gap is
crossed.

. . N } Now we may combine variability (from good monitoring)
Optlcal polarization and varlablhty_ are conne_cted. H'gh'Y P%nd polarization (for quasars without good variability monitor-
larized > 2 percent) quasars typically are violently Va”abl?ng) in one diagram characterizing activity versus absolute mag-

(Moore & Stockman 1984; Wills et. aI._ ,19_92)' In our SamplEﬁitude in the redshift range 0.5 - 1.3 for Al and thg,,;,, range
many quasars do not have good variability information, but have

their polarization measured. Hence, one may complement Fig. The corrected polarizatioR = /(P2 — K?o?) whereo is the
by polarization data. To this end, the major polarization listsandard error of the observation akd= 1.41.

6. Optical polarization
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Wl . ‘ ] ronment What would a luminosity class within a wide redshift
@ - range from 0.5 up to at least 1.6 imply as regards these three
S . R - | factors and in which direction would it guide further investiga-
-% tions?
N In Friedmann models such arange corresponds to a
< ° large fraction (about 30 percent) of the Hubble time. Contrary
; . to individual galaxies shining over cosmological time-scales,
> 4 v o . 1 guasars are generally regarded as short-lived phenomena (see
;?U o » . e.g. Wisotzky 1998), though there is no exact knowledge of their
R . jg_ ¥ o o | lifetimes. Narrow features in the LF, such as Al or the gap, lead
> vy vi?ﬁoﬁ' il S M 90_“_ LR to the same conclusion.

0 os " " Itisthought that the luminosity of a quasar is directly propor-

redshift tional to the mass of the MCO. This mass doubles by accretion

with the Eddington time-scale, aboltl07 yrs, if the quasar ra-
diates at the Eddington limit. Hence a narrow LF structure would

- —24.5 (unfilled symbols). Circles and triangles give variability fro strongly hint at short-lived episodes powering the quasars. Fur-

good monitoring, squares and diamonds give polarization/1.3, wh rmore, it suggests that the MCQ s in question have S'm”_ar
good monitoring does not exist. masses, and hence, the host galaxies should form a class with a

small dispersion in their masses (Kormendy & Richstone 1995;
Magorrian et al. 1998)
down to—23.5. The diagram contains variability amplitude as
such ar_1d polarization.divi_ded by 1.3 (such gfactpr c_qnvenieqt}yz Redshift range
normalizes Al’s polarizations to equal their variability ampli-
tudes, on the average). The absence of Al below = 0.5 (where fainter ones continue
Recalling that dots and triangles in Fig.8 come indepel® be observed) may relate to the observation that low-redshift
dently from different quasars, the conclusion from Fig. 6b Buasars and radio galaxies avoid rich clusters. Yee & Green
still strengthened: there is a sudden significant change in ac{#987) and Fabian & Crawford (1990) connect this with changes
ity, when the gap is crossed. Furthermore, the medians showriitighe clusters harbouring and fuelling luminous quasars. The
not support that this change is just caused by a gradual increpgtential central engines are still there, but the environment
of activity as a function of absolute magnitude in this redshiftas changed. Another possibility is that there are quasar gen-
range. erations connected with different phases of mergers (Komberg
Note also how Al is at all redshifts less active than the fainté®82;1984).

quasars, and the increase of activity abeve 0.5 for the latter Thus, if Al is linked to a dynamical phase of cluster evo-
(Fig. 9). lution, ending around ~ 0.5, it would be very interesting to

know at how large redshifts Al population exists.

Fig. 9. Variability or polarization/1.3 against redshifffor Al quasars
(filled symbols) and for fainter quasars in the magnitude rang& 5

7. Discussion

7.3. Al magnitude domain as a target of special study
The gap in the distribution of absolute magnitudes of radio ) )
loud quasars has now been confirmed using a larger sampé hypothesis that Al and the fainter quasars have systemat-
of quasars and implementing theg > vs. m (cosmological ically different central masswe_objects, hqst galaxies, or envi-
Malmquist bias) approach, and we can repeat the hypotﬁgnments, makes one emphasize several lines of further studies.
sis/conclusion from Paper I: . the envelope [in the Hubble di- 1) The present results give motivation to gather more data on
agram]is defined by a special class of the most luminous quasgaifability and polarization, reflecting the processes close to the
... Separated by a gap from the fainter population”. Though sticO.
fragmentary, this picture where the gap separates quasars @ittHigh resolution imaging of the hosts and environments
different properties forms a working hypothesis worth of furthefround the Al magnitude domain in the redshift range 0.5 -

studies. 1.5 is needed in order to see if there are differences across the
magnitude gap. Note that restriction to special objects where
7.1. Central engine, host, environment variability is known to be small, increases the host galaxy/quasar

luminosity ratio, favouring the resolution of the htst
Narrow features in the luminosity distribution of quasars lead

one to consider three necessary ingredients which according ©0 «ying” survey of the brightest quasars is biased towards smaller
the prevailing view determine the optical output of a quasar: thgsyquasar ratios, because in addition to true “overluminous” objects,
central engine (accretion ontosapermassive compact objectariability and gravitational lensing occasionally brighten even abso-
MCO), with its mass\/;co generally taken to be proportionaliutely faint quasars. An imaging programme at the NOT is dedicated
to that of thehost galaxyand the cluster (or non-clustesivi- to the present problem (Paper V).
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3) Radio properties reflect both internal and environmental fagxpects quite reddened quasars due to small scale extinction, un-
tors. In Paper | the asymmetry of double radio sources was fouamtounted for by the smoothed-out measures. That such varia-
to change across the magnitude gap. This will be further studiezhs exist even at high galactic latitudes (Paper la), was directly
in Paper IIl. shown by Hintz et al. (1997).
4) One should extend the study to higher redshifts. There pho- Also, the line-of-sight traverses dust in intervening galaxies.
tometry at longer wavelengths is needed in order to diminidthis is increasingly important at redshifts1, and is automati-
the problems due to the K-correction, increased variability, andlly included in the reddening. With a universal extinction law
galactic extinction. If Al needs specific cluster environments,dt 1/ (A is the wavelength), in the extinction rati®y, the de-
is an indicator of the evolution of galaxy clusters. pendences on the redshift of the dust cancel out, as shown in
Appendix B.
It is difficult to get direct evidence on the accuracy of
E(B — V) under small scale extinction variations - in fact,
o New data support the existence of a gap in the absolgk@ proof may come in an indirect way, e.g. that real features
magnitude distribution of radio quasars, possibly separatiffgthe LF are revealed when magnitudes are individually cor-
a class or population Al of the most luminous quasars, gicted. Nevertheless, we below summarize results from the our
My ~ —26.0 (or —27.5 for H, = 50), from fainter quasars. programme of extinction studies at high galactic latitudes, sup-
The gap in the bright end of the magnitude distribution isorting the use of2(B — V).
confirmed by the cosmological Malmquist bias approach.
e Al and the gap are seen especially well in theange0.5 <
z < 1.3. The lower limit gives an epoch after which th

8. Summary of conclusions

e Paper la:E(B — V') was shown to be correlated wifki;:
the standard reddening vs. neutral hydrogen relation appeared,
: ; etogether with an “upper branch” of higher reddenings in the
numbe.r of Al quasars drops rapidly, while beyond: 1.3 direction of the Local Spiral Arm, interpreted as due to compact
(espeuglly 1'6) various problems sftart to af_fect the B and chuds within it. In the next paper it was related to high latitude
bands, including increased variability. If Al is connected tfgolecular clouds.
a pha_se of galaxy clusters, it might exist within a restricte. Haarala & Teerikorpi (1986)E(B — V) estimates for close
redshift range only. . . N ... (< 3 deg) quasar pairs are correlated. There is an expected
e FromAl tp fainter objects, optical va.rlablllty and pOIar'zat'or}elation betweerEZ(B — V') andlog N(Lick counts/deg).
abruptly increase across the magnitude gap. o Teerikorpi & Kotilainen (1989) found a correlation between

e Al's are less active, as measured by variability amplitude a%i(B _ V) and stafgalaxy counts from the PSA prints, above

polarlzanon, than the fainter quasars at all redshifts where @I: 50 deg, with a5’ x 5’ resolution.
is observed.

Th . . id hat th ity of both Al e Teerikorpi (1990): The enigma of the nearly zero redden-
e There is tentative evidence that the activity of bot anﬂ s for stars at high galactic latitudes, was explained by a

thedf_amter po?'li\llatlon decreasis towards thg (;))resehnt ePq Imquist-like effect. The corrected reddenings approach at
and in case of Al may approach zero arouns .5 where high northern vertical distancés the values predicted by de

Al become rare. Vaucouleurs’'s model4{ s ~ 0.20 mag). For quasars, the aver-

* Relcentl e"',de”?t? for cgrtr)eltatlonstgetween quafstir and hé? L extinction is larger, because compact dust clouds are better
ga axyl utr;r.1|n05| |e3, in h € WeTn e maskseso € ComPpAresented in a radio detected sample. Interstellar polariza-
central objects and the host galaxies, makes one expect fpgl ¢, jistant (up to 800 pc) high latitude stars has confirmed

the hostg of a true Al gla;s forT“ a distinct class O.f gaIaX|eﬂ;],? increasing extinction (Berdyugin et al. 1995; Berdyugin &
perhaps in a characteristic environment or dynamical State’l%erikorpi 1997)

the galaxy cluster. Thus they become important targets for
deep, high-resolution imaging.
_ Appendix B: reddening, extinction and Ry
Acknowledgementd.thank Yu. Baryshev, B.V. Komberg, Chris Flynn,fOr different absorber redshifts
and the anonymous referee for useful comments. This study has been

supported by the Academy of Finland (project “Cosmology in the lochi Paper | the total-to-differential extinction ratity, was shown

galaxy universe”) to vary little with quasar redshift for typical quasar spectra, if
the dust is in our Galaxy (at zero redshift), and has the average
Appendix A: on reddening corrections value of about 3.3. If the dust lies at some redshiltetween

the quasar and us, one again does not expect a large influence
In Paper | and here, extinction corrections have been made u%ﬂgRV' though same amounts of dust at differenill cause
B—V —(B—V),(z), multiplied by the total-to-differential ex- gignificantly different effects on the light received at= 0
tinction ratioRy . The B — V' colour is preferred as a reddeningostriker & Heisler (1984). Here we show how the idealized
indicator, because we believe that it gives a better estimateeQfinction curvex 1/ leads to particularly simple results.
the extinction along the line-of-sight than a measure averaged The normalized interstellar extinction curve is written as
over several square degrees ( galaxy counfser). Forbright (e . Savage & Mathis 1979):
quasars, originally detected in the radio, the Holmberg-Fesenko
selection (Teerikorpi 1978) works weaker, and one occasionaif\ — V)/E(B — V) = A(A\)/E(B —V) — Ry
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Table C.1.Basic sampleX/:» < —22.0 mag)

RA 1) z Mpnin Vet B—-—V Am var Vpin note ref P op P-ref
0003 +1553 0.450 -24.52 16.40 0.11 08 3 16.40 42 0.62 0.16 S84
0003 -0021 1.037 -23.51 19.35 0.79 15 2 20.30 2 39

0005 -2356 1.410 -27.21 16.47 0.33 -- 0 16.47

0024 +2225 1.118 -26.03 16.57 0.33 -- 0 16.57 0.63 0.29 S84
0029 -4124 0.896 -24.99 17.82 0.57 -- 0 17.82

0036 -3916 0.592 -26.90 16.29 0.73 0.0 1 16.29 1 1,2

0047 -8313 1.112 -26.20 17.53 0.70 15 1 17.53 2,23

0056 -0009 0.717 -24.40 17.33 0.20 1.2 3 17.33 4 42

0100 +0954 0.465 -22.58 18.18 0.02 -- 0 18.18

0122 -0021 1.070 -25.64 16.70 0.28 02 2 16.70 2,7 0.45 0.57 S84
0122 -0416 0.561 -24.05 17.03 0.00 -- 0 17.03

0125 -4128 1.099 -25.32 17.25 0.35 -- 0 17.25

0130 -1710 1.020 -24.23 18.44 0.46 -- 0 18.44

0133 +2042 0.425 -22.41 18.10 0.05 28 3 18.32 4 9,33 1.62 0.36 MS84
0134 +3254 0.367 -25.20 16.20 0.42 04 3 16.29 1 25,38 1.8 0.2 S84,IT90
0135 -2446 0.831 -24.47 17.33 0.19 -- 0 17.33 0.6 1.0 IT90
0135 -0542 0.308 -22.00 18.25 0.04 04 2 18.25 34,19

0137 +0116 0.260 -22.77 17.07 0.05 04 2 17.07 34,19

0137 -0105 0.334 -2290 16.49 -.12 1.4 2 17.27 30 0.63 0.31 S84
0155 -1058 0.616 -24.53 17.09 0.23 -- 0 17.09

0159 -1147 0.669 -24.43 16.40 0.14 1.2 3 17.05 2 42 0.65 0.30 S84
0202 -7634 0.389 -23.79 16.90 0.05 -- 0 16.90

0208 -5115 1.003 -25.98 16.93 0.56 -- 0 16.93 115 0.4 IT90
0232 -0415 1.434 -26.70 16.46 0.15 04 3 16.46 20,33 0.91 0.32 S84
0306 +1017 0.863 -23.93 18.40 0.45 1 18.40

0336 -0156 0.852 -24.24 1841 0.55 37 3 18.41 4! 42 194 24 IT90
0340 +0448 0.357 -22.38 19.17 0.35 1.1 3 19.17 37

0349 -1438 0.614 -25.73 16.22 0.33 01 2 16.22 33 0.55 0.37 S84
0350 -0719 0.962 -25.94 16.49 0.44 04 3 16.49 33 1.67 0.24 S84
0355 -4820 1.005 -25.84 16.38 0.33 -- 0 16.38

0402 -3613 1.417 -25.95 17.17 0.15 0 17.17 0.60 0.30 IT90
0403 -1316 0.571 -2450 17.17 0.28 0.8 1 17.17 10 3.80 0.50 IT90
0405 -1219 0574 -25.99 14.82 0.16 06 3 1530 1,2 3,43,2,32 0.83 0.16 S84
0414 -0601 0.781 -25.74 15.94 0.30 05 3 16.20 2 37 0.78 0.22 S84
0420 -0127 0.915 -2395 17.76 0.58 30 3 18.90 2 42 119 05 IT90
0422 -3803 0.782 -23.51 18.18 0.07 -- 0 18.18

0439 -4319 0593 -25.36 16.36 0.28 -- 0 16.36

0440 -0023 0.850 -22.80 19.22 0.37 32 3 19.22 4 42 2.7 1.6 IT90
0448 -3916 1.288 -26.61 16.46 0.24 -- 0 16.46

0454 +0356 1.345 -26.66 16.53 0.23 -- 0 16.53 0.32 0.28 S84
0454 -2204 0.534 -24.89 16.10 0.06 1.1 3 16.10 4 42 0.37 0.29 w92
0506 -6113 1.093 -26.21 16.85 0.51 -- 0 16.85 1.1 0.5 IT90
0514 -1606 1.278 -26.96 16.95 0.51 -- 0 16.95

0518 +1635 0.759 -23.94 18.84 0.53 15 3 18.84 28 2.2 2.2 IT90
0522 -6110 1.400 -24.99 18.05 -.05 -- 0 18.05

0537 -4406 0.894 -24.92 15.47 0.46 3.7 2 17.50 3 1,14,35 10.4 0.5 IT90
0538 +4949 0.545 -25.02 17.80 0.65 05 2 17.80 19,34 2.3 0.9 1T90,191,W92
0621 -7841 0.942 -25.34 16.96 0.41 -- 0 16.96

0622 -4411 0.688 -24.87 16.93 0.22 -- 0 16.93

0637 -7513 0.651 -26.32 15.75 0.33 -- 0 15.75 0.3 0.2 IT90
0709 +3701 0.487 -25.75 15.49 0.17 -- 0 15.49

0710 +1151 0.768 -25.92 16.60 0.46 05 3 16.60 25 0.10 0.27 S84
0725 +1443 1.382 -25.02 18.92 0.43 24 3 18.92 4 42

0736 +0143 0.191 -23.32 16.47 0.43 09 3 16.47 42 1.1 0.4 IT90
0738 +3119 0.630 -25.17 16.14 0.07 06 3 16.14 2 42 0.44 0.39 S84,W92
0740 +3800 1.063 -25.21 17.60 0.45 02 2 17.60 34 1.65 0.69 W92
0742 +3150 0.462 -25.40 15.63 0.13 -- 0 15.63 0.64 0.16 S84
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RA é z Mmin  Veaxr B-V Am var Vu,, note ref P op P-ref
0743 -6719 0.395 -24.95 16.37 0.24 00 2 16.37 2,18 09 04 IT90
0809 +4822 0.871 -2497 17.79 0.57 05 2 17.79 19,34 0.7 0.6 IT90,191
0812 +0204 0.402 -24.04 17.10 0.18 1.4 3 17.10 4 42

0827 +2421 0939 -2486 17.26 0.36 -- 0 17.26

0827 +3752 0.914 -2420 18.11 0.42 -- 0 1811

0833 +6524 1.112 -25.05 18.21 0.55 01 2 1821 34

0835 +5804 1534 -26.78 17.62 0.48 -- 0 17.62

0838 +1323 0.684 -24.34 18.15 0.43 07 1 1815 45

0839 +1846 0.259 -24.19 16.36 0.27 -- 0 16.36 1.74 0.53 w92
0850 +1403 1.109 -25.17 17.42 0.34 13 3 1742 42 1.05 0.50 MS84
0855 +1421 1.048 -25.16 19.06 0.90 -- 0 19.06 531 212 MS84
0856 +1703 1.449 -25.66 17.90 0.40 06 3 1834 2 45,46,26

0858 -7707 0.490 -23.77 17.57 0.20 -- 0 1757

0859 -1403 1.335 -26.48 16.59 0.20 -- 0 16.59 1.07 0.65 S84,W92
0903 +1658 0.411 -22.14 18.27 0.21 1.2 2 19.10 2 46

0906 +0133 1.018 -24.90 17.79 0.47 19 3 17.79 2 2,42,47

0906 +4305 0.670 -23.85 18.48 0.49 05 1 18.80 24 3.80 0.40 IT90
0911 +0520 0.303 -23.21 17.43 0.17 0.1 1 17.43 45

0922 +1457 0.896 -24.74 17.96 0.54 20 3 1796 4 42

0923 +3915 0.699 -23.63 17.86 0.06 13 1 1786 33 091 0.35 MS84
0925 -2021 0.348 -24.20 16.40 0.07 -- 0 16.40

0932 +0217 0.659 -24.04 17.39 0.13 -- 0 17.39

0952 +1757 1472 -2594 17.23 0.08 -- 0 17.23

0952 +0944 0.298 -23.00 17.24 0.06 02 1 17.24 45

0953 +2529 0.712 -2451 17.21 0.25 11 3 1740 2 42 145 0.33 W92
0955 +3238 0.530 -24.75 15.78 0.10 12 3 16.30 2 19,25 0.18 0.24 S84
0957 +0019 0.907 -24.90 17.57 0.47 1.8 3 1757 4 42

1004 -0152 1.212 -23.78 19.24 0.32 -- 0 19.24

1004 +1303 0.240 -24.56 15.15 0.24 12 3 1560 1,24 12,42 0.79 0.11 S84
1004 -2144 0.330 -23.90 16.89 0.16 -- 0 16.89

1011 -2816 0.253 -22.69 16.88 -.08 -- 0 16.88

1018 +3452 1.404 -25.63 17.75 0.24 -- 0 1775

1019 +3056 1.316 -25.74 17.51 0.27 16 3 1751 4! 42

1020 -1022 0.197 -22.85 16.11 0.14 -- 0 1611 0.58 0.24 S84
1022 +1927 0.828 -24.90 17.49 0.46 05 1 17.49 45

1028 +3118 0.177 -22.62 16.71 0.36 -- 0 16.71 0.25 0.23 S84
1034 -2918 0.312 -25.72 16.46 0.62 -- 0 16.46 13.8 1.18 [IT90,W92
1038 +0625 1.270 -25.98 16.81 0.16 02 1 1681 45 0.62 0.24 S84
1040 +1219 1.029 -2543 17.29 0.46 20 3 17.29 4! 42

1046 +0521 1.115 -23.47 18.94 0.24 02 1 1894 45

1047 +0941 0.786 -24.42 17.86 0.40 07 1 17.86 45

1048 -0902 0.344 -23.76 16.79 0.06 03 1 16.79 40 0.85 0.30 S84
1049 +6141 0.422 -23.89 16.48 0.10 15 3 17.00 2 29 0.83 0.34 S84
1050 -1829 0.544 -23.96 17.06 -.07 -- 0 17.06

1055 +2007 1.110 -25.84 17.07 0.44 11 3  17.07 36

1055 -0434 1.428 -25.31 17.79 0.07 -- 0 1779

1055 +0150 0.888 -24.13 18.28 0.46 16 1 1828 21 50 05 1T90,Ww92
1057 +1005 1.317 -26.45 17.20 0.39 -- 0 17.20

1058 +1102 0.420 -22.60 17.10 0.04 1.0 2 18.10 3 26,45

1100 +7715 0.311 -24.35 15.72 -.02 0.7 2 15.72 25 0.71 0.22 S84
1101 -3235 0.354 -24.07 16.30 -.01 05 2 16.30 18

1103 -0036 0.426 -24.14 16.46 -.07 -- 0 16.46 0.37 0.26 S84
1104 +1644 0.634 -25.92 15.70 0.21 00 1 1570 45 0.56 0.21 S84,BT99
1111 +4053 0.734 -23.60 17.98 0.15 -- 0 17.98

1116 -4617 0.713 -25.07 17.00 0.30 -- 0 17.00 1.0 03 IT90
1117 -2451 0.466 -24.17 17.07 0.19 0.5 2 17.07 1,2,18

1127 -1432 1.187 -25.84 16.90 0.27 00 2 16.90 1,2,36,37,16 1.26 0.44 S84,W92
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RA ) z Monin Vear B-=-V Am var Vpyn note ref P op P-ref
1130 +1040 0.540 -23.58 17.49 0.11 0.0 1 17.49 1,2,45

1132 +3022 0.614 -23.41 18.24 0.24 -- 0 18.24

1136 -1334 0554 -25.23 16.17 0.21 -- 0 16.17 0.3 0.2 IT90
1137 +6604 0.646 -24.96 16.32 0.18 1.4 3 16.60 4.5 0.35 0.20 S84
1146 -0347 0.341 -23.63 16.90 0.06 -- 0 16.90 0.40 0.27 S84
1148 +3842 1.303 -25.89 17.04 0.18 -.- 0 17.04

1150 +4947 0.334 -23.87 17.10 0.30 1.3 2 17.40 9 1.25 0.76 W92
1150 +0930 0.698 -24.14 17.58 0.19 -- 0 17.58

1153 +3144 1.557 -25.13 18.96 0.37 0 18.96

1156 +2931 0.729 -24.85 14.41 0.39 40 3 17.50 42 2.68 041 W92
1158 +0044 1.370 -23.90 19.09 0.14 -- 0 19.09

1159 -0337 1.102 -23.33 19.41 0.40 -- 0 19.41

1203 +1059 1.088 -24.29 18.08 0.23 0.7 1 18.08 2,45

1206 +4356 1.400 -26.05 18.42 0.58 04 2 18.42 34

1206 -3959 0.966 -25.43 17.00 0.44 0.0 1 17.01 1,2

1208 +3213 0.388 -24.58 16.68 0.23 0.3 1 16.68 31 1.03 0.24 S84
1210 +1324 1.137 -25.08 18.09 0.48 0.0 1 18.09 45

1211 43326 1598 -25.38 17.89 -.05 -- 0 17.89 091 0.49 S84
1215 +1121 1.396 -26.18 16.86 0.09 -- 0 16.86 0.36 0.34 S84
1216 -0103 0.415 -24.47 15.64 0.53 2.0 1 17.80 13

1217 +0220 0.240 -22.75 16.53 0.02 1.5 3 16.69 12,42 0.18 0.28 S84
1218 +3359 1.519 -24.86 18.61 0.19 0.0 1 18.61 34

1219 +0429 0.965 -24.16 17.98 -.10 -- 0 17.98

1221 +1837 1.401 -24.44 18.74 0.18 0.5 1 18.74 45

1222 +0347 0.957 -23.40 19.02 0.44 -- 0 19.02

1222 +2139 0435 -23.26 17.50 0.06 -- 0 17.50

1223 +2515 0.268 -23.39 17.12 0.23 04 1 17.12 22 0.66 0.38 S84
1226 +0219 0.158 -25.19 12.86 0.21 1.1 3 13.30 42 0.21 0.04 S84
1229 -0207 1.038 -25.93 16.75 0.48 1.2 3 16.90 1,37 0.10 0.53 S84
1232 -2455 0.355 -24.38 17.20 0.36 0.5 2 17.20 2,18

1237 -1007 0.753 -23.51 18.11 -.03 15 3 18.11 2,37

1240 -2926 1.133 -24.76 17.69 0.15 -- 0 17.69

1241 +1639 0.557 -22.47 19.00 0.23 04 1 19.00 45

1244 -2531 0.638 -24.48 17.41 0.29 1.0 2 17.41 2,18 8.40 0.20 IT90
1250 +5650 0.320 -22.16 17.93 -.17 -- 0 17.93

1252 +1157 0.870 -25.35 16.64 0.35 1.3 3 16.64 42 251 056 S84,wW92
1253 -0531 0.536 -23.16 17.75 0.26 66 3 18.40 2,6,42,47 9.00 0.40 IT90
1258 +2846 0.645 -23.82 17.53 0.09 -- 0 17.53

1258 +2837 1.374 -23.59 19.40 0.05 -- 0 19.40

1302 -0329 1.250 -23.51 19.42 0.24 -- 0 19.42

1302 -1017 0.286 -24.23 14.92 0.12 1.2 2 16.10 11,33 0.41 0.31 S84,W92
1305 +0658 0.602 -24.23 17.02 0.13 -- 0 17.02

1306 +2724 1537 -24.73 1850 -.05 -- 0 18.50

1308 +3236 0.997 -27.03 15.24 0.37 -- 0 15.24 12.10 1.50 IT90
1317 -0033 0.890 -25.30 17.32 0.52 -- 0 17.32

1327 -2126 0.528 -24.69 16.74 0.22 04 2 16.74 2,18

1327 -2040 1.169 -26.77 17.04 0.63 -- 0 17.04

1328 +2524 1.055 -25.73 17.67 0.64 01 2 17.67 6,33,38 0.6 0.7 1T90,W92
1328 -2623 0.883 -24.67 17.59 0.42 -- 0 17.59

1328 +3045 0.849 -2459 17.25 0.26 01 2 17.25 33,38 1.29 0.49 IT90,wW92
1331 +0234 1.228 -23.83 18.85 0.19 -- 0 18.85

1335 +0222 1.356 -26.40 17.73 0.51 -- 0 17.73

1335 -0611 0.625 -23.68 17.68 0.14 -- 0 17.68

1340 +6036 0.961 -24.14 18.12 0.39 -- 0 18.12

1340 +2859 0.905 -25.32 17.07 0.47 15 3 17.15 31,24a 0.81 0.35 S84
1351 +2646 0.310 -22.85 17.18 -.03 -- 0 17.18

1354 +1933 0.720 -25.05 16.02 0.18 1.0 3 16.60 3,37 0.34 0.27 S84,W92
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RA 1 z Mpmin  Vear B-V Am var V., note ref op P-ref
1355 -4138 0.313 -24.18 15.86 -.10 04 2 15.86 2,18

1356 +5806 1.371 -25.62 17.37 -.05 - 0 17.37 0.40 0.29 S84
1356 +0214 1.329 -25.05 18.27 0.28 - 0 18.27

1415 +1717 0.821 -25.09 17.46 0.50 - 0 17.46 0.85 0.52 S84
1416 +0642 1.440 -26.96 16.79 0.33 - 0 16.79 0.77 0.39 S84
1416 +1554 1.472 -26.19 17.75 0.37 -.- 0 17.75 1.06 0.85 S84
1421 +1213 1.611 -25.36 18.04 0.14 1.3 2 18.04 33 0.42 0.91 S84
1421 -3813 0.407 -23.82 16.87 0.04 0 16.87

1422 +2013 0.871 -24.45 17.86 0.44 0 17.86

1424 -1150 0.806 -25.82 16.49 0.42 0 16.49

1425 +2645 0.366 -25.05 15.68 0.20 1.0 3 16.05 25,19a 2.20 0.27 S84
1433 +1742 1.203 -24.78 18.20 0.32 0 18.20

1451 -3735 0.314 -23.76 16.69 0.09 0 16.69 1.5 0.2 IT90
1453 -1056 0.938 -25.02 17.37 0.44 0 17.37 1.64 0.54 MS84
1454 -0605 1.249 -25.29 18.03 0.36 -- 0 18.03

1458 +7152 0.905 -25.66 16.78 0.46 0.2 2 16.78 40 1.41 0.60 S84,191,wW92
1502 +0338 0.411 -23.36 18.72 0.47 0 18.72

1508 -0531 1.191 -25.43 17.21 0.23 0 17.21 1.51 0.46 S84
1509 +1551 0.828 -24.89 18.20 0.66 0 18.20

1510 -0854 0.361 -24.08 16.54 0.20 1.5 3 17.00 2 42 1.90 0.40 1T90,W92
1511 +1022 1.546 -25.11 18.13 0.03 0 18.13 0.58 0.50 S84
1512 +3701 0.370 -24.13 16.27 -.02 - 0 16.27 1.10 0.23 S84
1525 +2243 0.253 -23.11 16.72 0.07 0 16.72 0.63 0.32 S84
1530 +1342 0.771 -23.07 18.99 0.33 -- 0 18.99

1545 +2101 0.264 -23.39 16.69 0.11 1.8 3 16.69 4,6 1.03 0.20 S84
1546 +0246 0.413 -23.32 17.79 0.17 -- 0 17.79

1547 +1844 1.442 -23.66 20.13 0.34 1.4 1 20.13 48

1548 +1129 0.436 -24.11 17.23 0.24 0 17.23 0.87 1.31 S84
1551 +1305 1.290 -25.95 17.65 0.40 0 17.65 0.72 0.95 W92
1602 -0011 1.625 -25.95 17.14 0.15 0.3 1 17.49 48

1615 +0254 1.339 -25.26 17.81 -.04 -.- 0 17.81

1617 +1731 0.114 -22.30 15.46 0.17 2.1 3 15.80 2 37 0.94 0.17 B90
1618 +1743 0.555 -23.71 16.41 0.12 1.1 3 17.40 2 42 0.81 042 S84
1622 +2352 0.927 -2491 17.47 0.44 1.2 2 17.47 33

1634 +2654 0.561 -23.83 17.75 0.26 -- 0 1775

1641 +3954 0.594 -24.55 15.96 0.29 2.6 3 17.20 2 41,42 4.00 0.30 IT90
1656 +0519 0.879 -25.05 16.54 0.46 0.8 1 17.34 32 3.34 0.61 IT90,W92
1704 +6048 0.371 -24.79 15.28 0.13 1.2 3 16.10 2 3,842 0.31 0.17 S84
1725 +0429 0.296 -24.48 16.99 0.44 0 16.99

1749 +0939 0.320 -25.65 16.78 0.68 0 16.78 6.0 1.8 1T90
1821 +1042 1.360 -26.48 17.27 0.39 -- 0 17.27

1828 +4842 0.692 -24.78 16.81 0.24 0.6 3 17.10 2 8,40 1.19 0.48 S84,W92
1830 +2831 0.594 -24.03 17.16 -.25 - 0 17.16 1.28 0.56 S84
1912 -5500 0.398 -24.35 16.49 0.09 -- 0 16.49

1914 -4535 0.364 -24.32 16.80 0.21 -- 0 16.80

1942 -5707 0.527 -24.60 16.93 0.25 0 16.93

1954 -3853 0.626 -25.84 17.07 0.61 08 2 17.07 2,18 109 0.3 IT90
2020 -3705 1.048 -2490 17.50 0.33 03 2 1750 17

2058 -4231 0.221 -22.96 17.20 0.36 0 17.20

2059 +0329 1.013 -24.48 17.78 0.35 1.0 3 17.80 2 42 1.73 0.72 W92
2115 -3031 0.980 -25.23 16.47 0.49 1.0 2 17.40 2 2,18

2124 -1204 0.873 -22.56 19.35 0.22 0 19.35

2128 -1220 0.501 -24.95 15.98 0.13 1.1 3 16.20 4 42,32 056 0.19 S84
2128 +0859 0.986 -24.45 18.49 0.58 0 18.49

2135 -1446 0.200 -22.89 15.53 0.10 1.6 3 16.10 2 5,42 0.34 0.34 S84
2141 +1730 0.213 -23.67 15.73 0.18 0 15.73 0.22 0.18 S84
2142 -7550 1.139 -2591 17.30 0.49 0 17.30
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Table C.1.(continued)

RA ) z Monin Vear B-=-V Am var Vpyn note ref P op P-ref

2143 -1539 0.700 -25.26 17.27 0.43 17.27

2144 +0915 1.113 -23.87 18.54 0.18 2.5 18.54 4 2,42

2145 +0643 0.990 -25.92 16.47 0.41 1.0 16.47 4 37 1.03 0.38 W92
2153 -2026 1.309 -25.86 17.01 0.14 17.01

2201 +3131 0.298 -25.36 15.97 0.39 0.5 15.97 32,44 0.23 0.14 S84,W92
2216 -0350 0.901 -26.04 16.38 0.55 0.7 16.70 2 8 1.09 044 S84,wW92

2223 -0512 1.404 -25.43 18.39 0.44 3.4
2230 +1128 1.037 -24.83 17.33 0.42 11
2243 -1222 0.630 -25.06 16.45 0.18 0.5
2247 +1403 0.237 -23.10 16.93 0.22 -
2251 +1552 0.859 -25.29 16.10 0.47 2.4
2251 +1120 0.323 -24.81 15.82 0.21 0.4

18.60 2 47 13.6 0.40 1T90,W92
17.80 2 8,42 7.3 0.30 IT90
16.45 21 3.3 0.4 1T90,W92
16.93 1.39 0.38 S84
17.10 2 42 290 0.30 IT90,W92
16.10 2 2,536 1.00 0.15 S84

2255 -2814 0.926 -26.09 16.77 0.58 - 16.77 2.00 0.40 IT90
2300 -6823 0.512 -25.06 16.38 0.22 - 16.38

2302 -7119 0.384 -22.92 17.50 -.10 -.- 17.50

2305 +1845 0.313 -23.08 17.50 0.13 - 17.50 0.38 0.45 S84
2308 +0951 0.432 -25.05 16.00 0.15 - 16.00 1.14 0.16 S84
2314 +0348 0.220 -24.23 17.54 0.86 -.- 17.54

2325 +2920 1.015 -2596 17.30 0.65 - 17.30

2326 -4746 1.299 -26.35 16.79 0.25 - 16.79 1.0 0.30 IT90
2329 -3828 1.195 -25.87 17.04 0.31 -.- 17.04

2335 -1808 1.441 -25.78 17.34 0.07 17 17.34 4 42

2340 -0340 0.896 -26.58 16.05 0.52 - 16.05 0.87 0.25 S84
2344 +0914 0.677 -25.83 15.97 0.23 0.3 15.97 27,43 090 0.34 S84

2345 -1647 0.576 -23.34 1841 0.30 2.8
2349 -0125 0.173 -22.66 15.33 0.12 1.6

Notes:

1 —averages foB — V and/orV

2 —Vnin estimated from photographic light-curve in B or from ITS counts
3 —Vinin oOriginally estimated from the PSA

4 —Am from| Vear — Viightcurve | (4! problematic)

References for variabilityl. Adam (1978) 2. Adam (1985) 3. Angione (1971) 4. Angione (1973) 5. Angione et al. (1981) 6. Barbieri & Romano
(1981) 7. Barbieri et al (1967) 8. Barbieri et al (1978) 9. Barbieri et al. (1979) 10. Bolton et al. (1966) 11. Browne et al (1975) 12. Cutri et al.
(1985) 13. Downes et al (1986) 14. Eggen (1973) 15. Ellingson et al. (1989) 16. Folsom et al. (1971) 17. Gilmore (1979) 18. Gilmore (1980)
19. Grandi & Tifft (1974) 19a. Greenstein & Oke (1970) 20. Hunter &(1969) 21. Impey & Tapia (1988) 22. Jackish (1971) 23. Jauncey et

al. (1978) 24. Kinman (1976) 24a. Kinnander (1981) 25. Lloyd (1984) 26. Lynds & Wills (1972)271972) 28. McGimsey et al. (1975)

29. Miller (1977) 30. Miller (1980) 31. Mullikin & Miller (1977) 32. Moles et al. (1985) 33. Moore & Stockman (1984) 34. Peach (1969)

35. Peterson & Bolton (1972) 36. Pica & Smith (1983) 37. Pica et al. (1980) 38. Sandage (1966) 39. Sandage et al. (1965) 40. Selmes et al.
(1975) 41. Sillanpa et al. (1988) 42. Smith et al. (1993) 43. Tritton & Selmes (1971) 44. Tritton et al. (1973) 45. Uomoto et al. (1976) 46. Usher
(1978) 47. Webb et al. (1988) 48. Wills & Lynds (1978)

References for polarizatioi884 = Stockman et al. 1984, MS84 = Moore & Stockman 1984, B90 = Berriman et al. 1990, IT90 = Impey & Tapia
1990, W92 = Wills et al. 1992, BT99 = Berdyugin & Teerikorpi (in preparation)

18.41 4l 42 490 150 IT90
16.00 2 42 091 0.21 S84

WWWOWOOO0OOOOO0OOOWWORWWWNO WWO

where the right side wittE(B — V') = 1 will be denoted by It is a delightful property of thd / A-extinction curve that
S()N) in what follows. With thel/A-dependence$ becomes the above expression is simplified into
S(A) =AvRy/\— Ry.
In the intervening galaxy, where the extinction takes placg(V,;,) = Ay (1 + z)
the dust sees the radiation which eventually falls onlodrand,

at Avops = Av/(1 + z). Hence the extinction suffered by theand Ry, = E(V,y,)/E(Bobs — Viss) does not depend on the
lightis given byE(Vops — V') = E(B—V)S(A/(1+4%)), where redshift of the dusBoth the observe — V-reddening and the
V andB — V are for the astronomer on that galaxy the same.extinction are increased by the same fadtor z. Though
bands as we usé(Vops) = E(Vors — V) + Av, whereAy is  the1/A-law is not exactly valid everywhere, the above result is
the extinction at thé’-band atz, or a quick approximation. Thaky does not depend on(dust)

facilitates the use aB — V' as an extinction indicator, indepen-
E(Vps) =S(Av/(1+2)E(B-V)+ Ay dently of where the dust is.
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Appendix C: data for the basic sample

The basic data are given in Table C1:

1,2) coordinates, &

3) redshiftz,

4) absolute minimum brightneds magnitude M,,,;,,
5) catalogl” magnitude V...

6) colourB — V,

7) variability amplitudeAm,

8) variability information level: 0 (none 3 (good),
9) notes about magnitudes and variability amplitudes,
10) references for variability,

11) optical polarizatiorP (percent),

12) standard error of polarizatiar,

13) references for polarization.
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