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ABSTRACT

We present a summary report on 50 years of systematic photoelectric UBV observations of early-type emission-line stars secured by
a number of mainly Croatian and Czech observers at the Hvar Observatory. Observations of various binaries, Ap stars and several
other variables will be reported in a follow-up paper. All these observations were reduced to the stardard UBV system defined by
the Johnson standard stars via non-linear tranformation formule. Our observations indicate that all Be stars are light and colour
variables, but there is a great individuality in the behaviour of each studied star. We attempted to classify the variability patterns only
on the basis of Hvar photometry, complemented by the Hipparcos H, photometry transformed to Johnson V passband, since these
observations conveniently fill-in the gap in Hvar observations caused by the war in former Yugoslavia. We still plan future detailed
studies of individual well observed objects, which will be based on all their observations available in the literature and/or data archives.
An important message of our effort is that to understand the complex nature of Be stars and their varying circumstellar matter, one
needs to take into account light and colour behaviour in several standard photometric passbands. To rely on — accurate, but very broad
band — space photometries only is somewhat dangerous since the differences in the time behaviour in the ultraviolet, blue, and yellow

parts of the spectrum are inevitably washed out in those observations.
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1. Introduction

The astronomical observatory at Hvar, Croatia was founded in
1972 as a joint enterprise of several astronomical institutions
from former Yugoslavia and Czechoslovakia. Two principal in-
struments were a solar patrol telescope and a 0.65 m Cassegrain
reflector with a single channel photoelectric photometer operat-
ing with the UBYV filters. The early history of the observatory was
summarised by Mayer (2013) and Harmanec & BoZzi¢ (2013)
and the instrumentation and the original reduction techniques
were described in Mayer (1977) and Harmanec et al. (1977a).

First observations were secured on July 29, 1972 and contin-
ued more or less systematically since then, with the only longer
gap (caused by the war in the disintegrating Yugoslavia) from
February 1991 until September 1993.

* Based on photometric observations from the Hvar Observatory and
ESA Hipparcos Satellite.
** Jif{ Horn passed away on Dec. 13, 1994
Karel Juza passed away on March 13, 1994
Svatopluk KiiZ passed away on Feb. 23, 2018
T Pavel Mayer passed away on Nov. 7, 2018
* Stanislav Stefl passed away on June 11, 2014
§ Josef Havelka passed away on June 19, 2009

* %k ok
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During the first, 1972 observing season, we primarily tried
to cover a complete light curve of the short-periodic eclipsing
binary BR Cyg to demonstrate the good performance of the new
instrument and this result was soon published (Harmanec et al.
1973a). In January 1973, Pavel Mayer obtained a nearly com-
plete light curve of another eclipsing binary, IU Aur, and con-
firmed his 1971 discovery that the depths of the light-curve min-
ima of this system are secularly changing due to precession of
the binary orbit caused by the presence of a third body in the
system (Mayer 1976).

Our main motivation at that time was, however, an attempt
to test the binary hypothesis of the origin of the Be phenomenon
(K¥iz & Harmanec 1975; Harmanec & Ki¥iz 1976). The idea was
that if Be stars are indeed mass accreting components of binary
system in the stage of large-scale mass transfer, with Roche-
lobe filling secondaries, one should find a non-negligible num-
ber of eclipsing and ellipsoidal binaries among them. While we
later indeed found several such systems, for instance CX Dra
(Koubsky et al. 1980; Horn et al. 1992; Koubsky et al. 1998),
KX And (Harmanec et al. 1977b; Stefl et al. 1990), V360 Lac
(Hill et al. 1997; Linnell et al. 2006), BR CMi (Harmanec et al.
2015), or HD 81357 (Koubsky et al. 2019), for the majority
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Table 1: A Complete llst Of Hvar ObserVerS and the number Of Of the Observed Be stars we discovered long_term llght and

usable individual differential observations per observer, which
they secured at the Hvar Observatory over the years 1972 - 2024

Name of observer No. of observations

Hrvoje Bozi¢ 46237
Petr Harmanec 9530
KreSimir Pavlovski 8674
Domagoj Ruzdjak 5636
Davor Sudar 5259
Jana Nemravova 3945
Vaclav Kocourek 3876
Miloslav Tlamicha 3715
Petr Hadrava 3485
Alzbeta Oplistilova 2859
Frantisek Zd' drsky 2752
Kristian Vitovsky 2064
Jifi Horn 1927
Pavel Koubsky 1924
Jaroslav Honsa 1902
Petr Zasche 1849
Miroslav Broz 1837
Svatopluk Kii{Z 1805
Marek Wolf 1722
Josef Havelka 1607
Jana Svrékovi 1552
Michal Zummer 1474
Damir Cikoti¢ 1449
Donik Vrs$nak 1436
Rostislav Broz 1250
Juraj Jondk 1036
Jifi Grygar 988
Stanislav Stefl 964
Karel Juza 626
Adam Harmanec 606
Isabelle Piantschitsch 582
Ivica Skokié 515
Jakub Jurysek 417
Mirjana Malarié 373
Pavla Polechova 347
Milos Zejda 334
Jan Janik 334
Pavel Chadima 327
Zoran Ivanovié 315
David Ondfich 302
Zeljko Ruzié 269
Dunja Placko-Vr$nak 218
IStvan Vince 209
Pavel Mayer 177
Katerina Honkova 166
Gordana Lazin 137
Jifi Vacek 136
Muhamed Muminovié 136
Martin Netopil 121
Emil Frlez 99
Jelisaveta Arsenijevié 83
M. Mulié 68
Boro Jovanovié 43
Roman Brajsa 24
Aldo Arena 24
Bojan Vrs$nak 17
Zeljko Ivezié 6
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colour changes related to the changes in their circumstellar
envelopes (seen in parallel spectroscopy), on a time scale of
years; see, for instance Harmanec et al. (1976); Doazan et al.
(1982b,a); Horn et al. (1982) and the three summary reports
(Harmanec et al. 1980b; Pavlovski et al. 1997; Harmanec et al.
1997).

The first three selected Be stars, V744 Her = 88 Her,
V439 Her = 4 Her, and EW Lac = HD 217050 were observed
already in 1972. Our discovery that essentially all Be stars are
light and colour variables was quite important. At that time, Be
stars were sometimes used as the comparison stars in various
observing programs of differential photometry. Perhaps the most
interesting is the case of V1294 Agl = HD 184279, which was
recommended as the secondary standard of the UBV system —
see this story in Horn et al. (1982). That prompted us to prepare
a list of all at that time known bright Be stars and select for
each of them suitable comparison and check stars. Since 1980
we organised an international observing campaign, which was
coordinated mainly via the Be Star Newsletter, created and for a
long time run by M. Jaschek (Harmanec 1980; Harmanec et al.
1980a, 1982). We provided the list of Be stars with the recom-
mended comparisons to interested observers and reported their
observations in the Be Star Newsletter.

Around 1980, first studies appeared, in which low-
amplitude periodic or even multiperiodic light variations of
some Be stars were detected (Bolton 1982; Percy 1982, 1983;
Harmanec 1984b; Balona & Engelbrecht 1986). Since the typi-
cal timescales of such variations were from about 0.3 to 2 d, ob-
servations secured at any single observing station suffered from
strong aliasing problems. This led us to organise a collaborative
observing campaign with the participation of several observers
located in very different geographic longitudes all around the
globe. The campaign was carried out in 1983 and was quite suc-
cesful. Preliminary results were reported by Stagg et al. (1985)
and the final report was published three years later (Stagg et al.
1988).

Since 1973, there was also a program of photometric mon-
itoring of selected chemically peculiar (CP) stars, both single
and binary ones. The first result of this effort were two detailed
studies of the oblique rotator model of the CP star CQ UMa
(Mikulasek et al. 1978; Pavlovski 1979).

Later on, also monitoring of various, mainly eclipsing bina-
ries has also been on the program of the Hvar photometer.

A complete list of observers who participated in some obser-
vations at Hvar and the number of usable differential observa-
tions they secured is in Table 1.

2. The observational strategy and the new
reduction of all observations since 1972

Since our motivation, especially for the dominant Be-star pro-
gram, was to ensure stable and as accurate as possible transfor-
mation to the standard Johnson system, we soon found that we
have to use non-linear transformation formulaz for the conver-
sion of extinction-free instrumental magnitudes to the standard
Johnson magnitudes, and to derive the coeficients of these trans-
formations from all observations of standard stars in each given
observing season.

Originally, our reduction program used a linear extinction
coeflicient as a function of the air mass, which was assumed to
remain constant during each observing night. This is actually al-
most never so, even at observing stations with good climate con-
ditions like La Silla or Sutherland. For Hvar Observatory, located
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Table 2: The robust mean values of the V magnitude and the B — V,U — B and V — R indices for the ten primary Johnson standards
derived from inidividual observations published by Johnson et al. (1966).

Name HD \% rms N B-V rms N U-B rms N V-R rms N
a Ari 12929 2.0060 0.0033 191 1.1509 0.0012 192 1.1260 0.0018 189 0.8432 0.0039 169
HR 875 18331 4.2836 0.0020 77 -0.0551 0.0018 78 -0.1165 0.0021 63  0.0160 0.0029 63
B Cnc 60267 3.5231 0.0019 223 1.4830 0.0067 225 1.7699 0.0020 224 1.1155 0.0021 197
n Hya 74280 4.2985 0.0012 186 -0.1941 0.0011 186 -0.7446 0.0014 182 -0.0634 0.0021 157
BLib 135742 2.6072 0.0017 143 -0.1073 0.0015 143 -0.3614 0.0017 143 -0.0384 0.0040 128

a Ser 140573 2.6355 0.0014 135 1.1704 0.0014 137 1.2509 0.0021 137 0.8109 0.0048 123
eCrB 143107 4.1527 0.0032 127 1.2324 0.0012 126 1.2751 0.0025 126 0.9012 0.0036 114
THer 147394 39052 0.0020 102 -0.1522 0.0019 106 -0.5621 0.0018 103 -0.0822 0.0034 88
10 Lac 214680 4.8845 0.0014 204 -0.2045 0.0012 204 -1.0464 0.0014 203 -0.0751 0.0018 187
HR 8832 219134 5.5738 0.0019 158 0.9966 0.0014 158 0.8861 0.0018 158 0.8346 0.0023 144

Table 3: The robust mean values of the V magnitude and B — V, U — B and V — R indices derived from individual observations of
seven selected secondary standards (Johnson & Harris 1954) by Johnson et al. (1966).

Name HD \% rms N B-V rms N U-B rms N V—-R rms N
73 Cet 15318 4.2836 0.0020 77 -0.0551 0.0018 78 -0.1165 0.0021 77  0.0160 0.0029 63
HR 753 16160 5.8164 0.0077 10 0.9633 0.0039 10  0.8074 0.0078 10  0.8177 0.0095 7
v Ori 36512 4.6215 0.0014 273 -0.2618 0.0099 276 -1.0626 0.0012 274 -0.1217 0.0015 246
90Leo 100600 59495 0.0014 170 -0.1547 0.0011 170 -0.6572 0.0013 168 -0.0589 0.0026 129
HR 4550 103095 6.4411 0.0017 167 0.7511 0.0012 169 0.1708 0.0016 167 0.6637 0.0020 131
B Oph 161096 2.7619 0.0023 105 1.1689 0.0018 107 1.2408 0.0018 106 0.8138 0.0033 88
vyOph 161868 3.7471 0.0024 110 0.0380 0.0015 111 0.0348 0.0021 110 0.0457 0.0042 91

on an island at an altitude of 260 m only above the sea level,
the variations of the linear extinction during the night are usu-
ally quite large, especially during summer seasons. To cope with
this problem, we had to split many observing nights to shorter
segments in time and to derive extinction for each segment sep-
arately. This was not satisfactory since the standard stars from
many - otherwise good and long observing nights - could not be
used for seasonal transformations.

Only much later a version of the reduction program was de-
veloped, which allows the monitoring of the variable extinction
during the observing night. This was one of the reasons, why we
decided to undertake the tedious task to re-reduce all observing
seasons since 1972.

The other one was the following: The strategy of Hvar obser-
vations, developed first for the Be star program but later used for
all observing programs, was that we prepared a list of all known
bright Be stars north of declination of —30°, which were listed in
the Bright Star Catalogue (Hoffleit & Jaschek 1982), and a few
fainer ones. For all of them, we selected suitable comparison and
check stars. If more Be stars were found close to each other in
the sky, we observed them altogether, using the same compar-
ison, and check star. Since most of our observations dealt with
early type, blue stars, we also selected the so called red stan-
dards for each group to facilitate good seasonal transformation.
Whenever possible, we have chosen the comparisons, for which
the UBV photometry obtained by Johnson and his collaborators
was available, our primary source being the summary publica-
tion by Johnson et al. (1966). It was, of course, a must for the
red standards. This allowed us to save the observing time. Com-

parisons, checks, and red standard stars with known UBV magni-
tudes could be used to both, the monitoring the extinction during
observing nights, and to seasonal transformation to the standard
UBYV system.

It turned out, however, that the stars, which have only a few
original Johnson observations sufferred from rather large acci-
dental errors. Our task then was to improve the original John-
son values but to preserve the original Johnson system over the
whole range of the Hertzsprung-Russel (HR) diagram.

Several years ago, we decided to derive robust mean UBVR
values for all individual observations of the recommended John-
son primary standards, for which extinction was measured,
from Johnson et al. (1966) study and use them in all consec-
utive observations at Hvar during good nights, suitable for
all-sky photometry. These are provided in Table 2. Addition-
ally, we did the same also for several well observed stars
from the list of 108 recommended Johnson secondary standards
(Johnson & Harris 1954). Their robust UBVR values are listed in
Table 3. All selected stars were carefully checked for variabil-
ity with the help of individual H, space-born Hipparcos pho-
tometry (Perryman & ESA 1997) and SIMBAD bibliography .
Of the ten primary Johnson standards two are reported as vari-
ables. n Hya is classified as the S Cep pulsator and 7 Her as
a long-period pulsating star. @ Ari, 8 Cnc, 8 Lib; a Ser, 10 Lac,
and HR 8832 are listed as suspected variables. Of the seven se-
lected secondary standards, 8 Oph is listed as a suspected vari-

! http://simbad.u-strasbg.fr/simbad/sim-fid
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able. HR 4550 got a variable-star name CF UMa and deserves
a more detailed comment (to be done later).

When analysing the errors of the Hipparcos H,, observations,
as well as the errors of the Hvar photometry of Johnson standards
used, we conclude that these errors usually do not exceed 0™01.
As shown already by Harmanec et al. (1994), the usual scatter of
individual observations for non-variable stars at Hvar is within
0702 to 0™03. Accordingly, the use of the selected Johnson stan-
dards, even those having possible low-amplitude variations, has
no systematic effect on the stability of the Hvar standard photo-
metric system.

The Johnson standards were then systematically observed
several times during each good observing night and a care was
taken to observe them in high and low air masses to bracket ob-
servations of all other stars during each observing night. We also
carried out dedicated observations of all important comparison
and check stars, for which good Johnson values were missing.
This effort continued for several last years and allowed us to get
better truly Johnson values for constant stars used in the early
observing seasons. With them, we repeated the reductions of all
seasons since 1972. In the vast majority of cases this resulted in
much better seasonal transformations and a significant decrease
of the mean standard errors.

In particular, we used the following working equations.

For each star and the time of observation, we derived the
zenith distance z from its equatorial coordinates recalculated for
the time of observation and derived the accurate air mass after
Bemporad (1904):

X =secz —0,0018167Q — 0,028750Q% — 0,00080830°, (1)
where
Q=secz- 1. 2)

The transformation coefficients G between the observed in-
strumental magnitudes, denoted v, b, u, and r, and extinction-free
magnitudes vy, by, 1y, and ry, determined (or fixed) separately for
each night of observations include the first-order extinction co-
efficients and a possibility to model time variations of the linear
extinction coefficients during each observing night via polyno-
mials up to 5 degree as a function of time ¢. The corresponding
transformation equations read as

vo+ Gy +Gs X +GotX + G5 °X

y =
+ G PX+Gy*X +GysPX, 230
b = b0+G2+G6X+G10lX+G14t2X
+ GigP’X+Gunt'X + Gy X,
u = M0+G3+G7X+G11tX+G15[2X

+ Gy t3X + Gy t4X + Gy tSX,
ro+ Gy +GgX+G12tX+Glf)tZX
+ Gy l‘3X + Goy I4X + Gog ISX.

r =

There is also a possibility to take into account a linear or
quadratic drift of the zero point of the instrument. In that cagé?
the drift is derived via the yellow-magnitude (V or y) observa-
tions and forced to data in all other passbands. The correspond-
ing transformation equations then read as

V=V0+G1+G5X+G9I+G13l2,
b=b0+G2+G6X+G()[+Gl3[2,
u=u0+G3+G7X+G9t+G13t2,
W=W0+G4+G8X+G9I+G13t2.

3
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The colour transformation equations between the John-
son standard value for each magnitude (V,B,U,R) and the
extinction-free instrumental magnitudes are linear in the U — B
index but have the form of a third-degree polynomial in B — V.
This form of the equations is necessary to compensate for
the unavoidably non-linear effect of the Balmer jump on the
magnitudes of stars between mid-B to F spectral types (see
Cousins & Jones 1976). The colour extinction coefficients in the
form recommended by Youngetal. (1991) are also included
among the seasonal transformation coefficients. It is our expe-
rience that this form of transformation equations ensures the re-
production of the standard Johnson system within 0™01 even in
U for any standard star.

The equations are:

vo—V = H{(B-V)+HyU - B)+Hy(B-V)*

+ Hy(B-V) +HsXBsB-V+05XB,)+ Hg,
bo—B = H;(B-V)+HsU~-B)+Ho(B-V)’

+ Hlo(B—V)3+H11XB4(B—V+O.5XB4)+H12,
u—-U = H13(B—V)+H14(U—B)+H15(B—V)2

+ Hig(B-V) +H;;XBs(U—-B+0.5XBs)+ His,
ro—R = Hio(B-V)+ Hy(U - B)+ Hy(B-V)*

+ Hy(B-V)’ + Hyy XBs(U — B+0.5X Bs) + Hog,

where By = G¢ — G5 and Bs = G; — Gg are the linear extinction
coefficients in the B—V, and U —B colours.

Please note that in this formalism, quantities with suffix 0
are not in fact really extinction-free instrumental magnitudes but
extinction-free magnitudes uncorrected for the colour extinction
which is only taken into account in the seasonal transformation
equations, where they actually belong since they depend on the
colour properties of the photometer, not on the properties of the
Earth atmosphere.

We warn that it is necessary to obtain observations of a rea-
sonably large number of standard stars of different colours, lumi-
nosity classes and reddenings to derive reliable non-linear trans-
formation coefficients H. Since this is not always possible, e.g.,
due to bad weather, the latest versions of the program also per-
mit the use of bilinear transformation formulae which contain
no terms of the second and third power in (B — V) and converge
to reasonable transformation coefficients in most situations. This
compromise is, however, at the expense of a slightly worse trans-
formation into the standard system, yet still much better than
would result from the use of the often applied linear transforma-
tion formulee. The possibility to derive and use the linear trans-
formation formulza is also included (non-zero coefficients H; and
Hg, H; and Hy», Hy3 and H;g, and Hy9 and Hy4). This can be justi-
fied in situations when the observations only include objects with
a limited range of colours or for passbands covering the flat parts
of the stellar energy distributions (R or even V, for instance).

Since the non-linear transformations we used imply that all
three passbands affect the accuracy of the determination of the
stardard values, we took care for each observed star to use dif-
ferent integration times, usually longer for the U passband, to
obtain comparable signal-to-noise (S /N) ratio for all of them.

3. Long-term, orbital, and rapid light and colour
changes of Be stars observed at Hvar

The list of all Be stars observed at Hvar is in Table 6, while more
detailed information about the observations, time interval cov-
ered by observations, and the range of variations, is summarised
in Table 7.
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Our long experience with the photometry of Be stars as well
as numerous studies of other colleagues all over the world al-
lowed us to recognize the following typical patterns of light and
colour changes:

— Long-term changes related to the strength
and/or extent of the Be envelope (LTEM). These
occur on a time scale of years to decades and have two
distinct alternatives, depending on the inclination of the
Be disk plane with respect to the observer: positive
(LTEMp), when the brightenings are accompanied by the
rise of the emission-line strength, and inverse (LTEMi),
when the light decreases are followed by the emission-line
rise (Harmanec 1983, 1994, 2000; Sigut & Patel 2013). We
note that in cases of intemediate inclination, given object
can exhibit either a positive, or an inverse correlation in
various epochs of observations, depending on the extent of
the Be envelope (see, e.g. Harmanec et al. 2022).

— Cyclic long-term changes related to the
long-term cyclic V/R variations of the
relative strength of the V and R peaks of
the double Balmer emission lines (LTVR). Such
light changes occur typically on a time scale of several ye
and are related to non-axisymmetric geometrical and/or
dynamical changes of the structure of the Be disks. In the
past, they were interpreted as a gradual revolution of an
elongated disk (see, e.g. Ballereau & Chauville 1989). Since
the study by Okazaki (1991), they are usually understood
as global one-armed oscillations of the disks and can also
manifest themselves by corresponding light changes (see
the detailed discussion by Mennickent et al. 1997). A recent
example of such changes was presented by Wolf et al.
(2021). The trouble is that the LTVR occur sometimes
simultaneously with the LTEM changes and it is not easy
to separate both effects (see, for instance Harmanec et &9
2022).

— Light and colour variations related to the
duplicity of particular Be stars (MTBIN). Such
changes are periodic and generally follow the orbital periods
of the Be binaries in question but they are not easy to be
detected due to the simultaneous presence of variations on
other time scales. Besides clear cases of binary eclipses, they
can also manifest themselves as a combination of ellipticity
and reflection or occasional eclipses of the outer parts of the
disks. Numerous examples of such changes were discusse?
with corresponding references, by BoZi¢ et al. (2013a) and
are documented by the Hvar systematic photometry — see
the discussion of individual Be stars below.

— Rapid periodic or multiperiodic low amplitude
changes (RAV). These brightness variations usually occur
on timescales from about 091 to 2 d and have been alter-
natively interpreted as pulsations or rotational modulation.
Since the typical observing strategy at Hvar was focused on
monitoring of variations on longer time scales, Hvar data are
not very suitable for analyses of such rapid changes, with
the exception of several dedicated observing campaigns on
selected Be stars, for instance ¢ Tau (Bozi¢ & Pavlovski
1988), 0 And, KX And, KY And, LQ And and EW Lac
(Stagg et al. 1988) or w Ori (Balona et al. 2001).

— Secular very long-term brightness decreases
or increases during quiescest stages without
strong LTEM changes (LTCV). This very long, “fourth”
timescale of changes was probably first noted for w CMa
by Harmanec (1998b) and modelled empirically in terms of

the viscous decretion disk model by Ghoreyshi et al. (2021,
2023). Several distict examples of such behaviour were
presented by Harmanec et al. (2022). The understanding of
this type of variability will require further observational and
theoretical effort.

Below, we discuss particular stars, which were observed
more systematically at Hvar. Because the observations at Hvar
were interrupted during 1990-1992, at the times of the war in Yu-
goslavia, we complemented the Hvar V series in the V magnitude
time plots with the Hipparcos H, photometry, transformed to
Johnson V magnitude after Harmanec (1998a). These are shown
by red circles in all plots. The following notes about particular
observed Be stars are mostly related to LTVR, LTEM, LTCYV,
and MTBIN changes.

o Cas = 22 Cas = HD 4180 This bright Be star is
the primary component A of a wide visual system AB
WDS J00447+4817. Koubsky et al. (2010) confirmed that it is
also a spectroscopic binary with a period of 103196 and a rather
large RV semi-amplitude of 22 km s~!, which implies a large
mass function. They also obtained a visual orbit with an inclina-
tion of 115° and since they did not detect any lines of the sec-
ondary, they suggested that the secondary is actually a close pair
of two A stars. Such stars were indeed detected in the spectra
studied by Grundstrom (2007), with a possible period close to
4 days (see also Touhami et al. 2013; Hutter et al. 2021). It thus
appears that the object is a hierarchical system Aal, Aa2, Abl,
Ab2, and B. Koubsky et al. (2010) also found a period of 192578
in the residuals from their RV orbit and showed large-amplitude
cyclic light changes, based on the Hvar photometry. Here, we
present extended series of Hvar observations in Fig. 1.

y Cas = 27 Cas = HD 5394 This one of the brightest Be
stars in the sky is a subject of more than 1100 studies. It is now
known to be a spectroscopic binary with a 203452 orbital pe-
riod (Harmanec et al. 2000; Nemravova et al. 2012; Borre et al.
2020, and references therein), with a low mass companion, prob-
ably a white dwarf (Gies et al. 2023). Its light variations are char-
acterised by long-term changes with a positive correlation and
rapid changes with periods 19216, and 094033 (Harmanec 2002;
Borre et al. 2020; Smith & Henry 2021, and references therein).
Observations of this star at Hvar are not very numerous, mainly
because of the fact that it was necessary to use a lower high volt-
age due to its brightness to avoid saturation. They are shown in
Fig. 2 and only complement the secular brightness changes doc-
umented in Harmanec (2002) and Smith & Henry (2021).

V442 And = HD 6226 This star was originally used as one
of the check stars in our Be star observing program and this
led to the discovery of its light variability in the form of oc-
casional brightenings, accompanied by the reddening in B—V,
and blueing in the U—B index. This finding was published by
3BwZzi¢ & Harmanec (1998), who suggested that the object could
be a Be star. This was indeed confirmed by a detailed spec-
troscopic and photometric study by Bozi¢ et al. (2004), who
found that V442 And is a pole-on Be star with a positive
correlation between brightness and emission-line strength and
pronounced line-profile variations, reminiscent of an archetype
Be star w CMa, and varying with a regular 2961507 period.
Richardson et al. (2021) published a very detailed study, based
on numerous spectra and on the KELT and TESS photometries.
They estimated the spectral type as B2.5Ille and confirmed the
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Fig. 1: The UBV time variations of o Cas. The red dots in this,
and in all following time plots for individual objects denote the
Hipparcos H}, observations transformed to Johnson V magnitude
after Harmanec (1998a).

period of line-profile changes. Analysing the Ha and HB equiva-
lent widths, they found regular changes with two periods, 21199,
and 8740. They also argued that the emission-line episodes could
be related to the interference of pulsational modes, resulting
in formations of transient circumstellar disks. Other published
studies are also summarised in their paper.

The complete light curve of V442 And secured at Hvar is
in Fig. 3. There is some suspicion that the ‘undisturbed’ bright-
ness of the object outside the brightenings might be decreasing
secularly on the fourth time scale.

¢ And = 42 And = HD 6811 This Be star is obviously ob-
served pole-on, shows a single-peaked Ha emission profile and
little light variability, and was altenatively classified as B7Ve
and BS5IIle (Jones et al. 2011; Barnsley & Steele 2013). How-
ever, the available records of its Ha line profile show large sec-
ular changes up to almost complete disappearance of the emis-
sion - see, e.g. the Ha spectra available in the BeSS database
(Neiner et al. 2011). It is also a member of a multiple visual
system WDS J01095+4715 and Muterspaugh et al. (2010) pub-
lished a visual orbit with a period of about 202500 d. Its mild
light and colour variability was discovered at Hvar thanks to a
very systematic monitoring and careful reduction — see Fig. 4. It
is characterised by a slow light decrease on the fourth time scale,
with no known episodes of more rapid brightening or fading.

¢ Per = 54 And = HD 108516 This object is a well-
known B0.5e+06 VI binary with a 12697 period (see Poeckert
1981a,b; Gies et al. 1993; Thaller et al. 1995; Bozi¢ et al. 19999
Gies et al. 1998, and references therein). BoZi¢ et al. (1995)
compiled all at that time available photometric and RV obser-
vations and summarised the early history of the system. They
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also derived an improved orbital period of the system. Pho-
tometry, including the first part of Hvar observations, shows
only mild secular changes. They interpeted the emission seen
in He16678 A as a double emission moving with the secondary.
However, Stefl et al. (2000) and Hummel & Stefl (2001) argued
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that this emission actually originates in the part of the disk of the
primary, facing the hotter secondary and being illuminated by
it. Mourard et al. (2015) resolved the secondary in their optical
interferometry and published the so far most detailed model of
the system, deriving the component masses of 9.6 and 1.2 M.
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Fig. 6: The UBV time variations of V554 Per.

Bozi¢ et al. (2013b) reported small sinusoidal B magnitude light
variation with the orbital period.

Complete Hvar photometry is shown in Fig. 5. It is seen
that the light variations are dominated by slow changes on the
fourth time scale. The V magnidude varies in a cycle of more
than 5000 d, while the B—V index was gradually brightening oer
many years but started to get redder recently.

V554 Per = 10 Per = HD 14818 This object is classified
B2Ia but WeBmayer et al. (2022) observed its Ho emission, rem-
iniscent of a P Cyg profile. Its light variability was reported by
Alvarez & Schuster (1981) and Pavlovski et al. (1997) but the
variable-star name V554 Per was assigned to it only on the basis
of Hipparcos photometry by Kazarovets et al. (1999).

Hvar and Hipparcos photometry is shown in Fig. 6. The
brightness and colour variations are characterized by cyclic
changes, with no obvious secular trend. A formal period anal-
ysis of combined Hvar and Hipparcos V photometry suggests a
possible period of 2374082, but with a large scatter around the
mean phase curve.

HR 894 = HD 18552 Polidan (1976) tentatively suggested
that this object is a B§V+gG9 binary, based on the calcium
triplet emission in the infrared spectra. However, the presence
of a cool giant companion has never been confirmed. The ob-
ject exhibits only mild variations of the Ha emission over a long
interval of spectral observations and Hvar photometry shows no
significant light or colour changes (see Fig. 7). We thus did not
continue observing it.

RX Cas = BD+67 244 This object is an interacting
Be+G3III binary with a 3293 period secularly increasing in time
and with a cyclic brightness variation at light maxima on a scale
of about 500 days (Struve 1944; Gaposchkin 1944; KtiZ et al.
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1980; Andersen et al. 1989). Mennickent et al. (2022) analysed
more than a century of photometric observations, derived
an improved quadratic ephemeris and studied the long cycle
of brightness variations at maximum light. To the best of our
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knowledge, there is no reliable RV curve of the Be primary
hidden in the dense shell.

The first part of Hvar photometry has already been used in
Kiiz et al. (1980) study. The complete set of Hvar observations
is shown in Fig. 8. In this case we have not included the Hippar-
cos photometry since the B—V index of the binary varies signif-
icantly with the binary orbital phase and with the long cycle and
the transformation to Johnson V would deserve a more sophis-
ticated treatment. Our new detailed study of the binary is under
consideration and here we only show the phase coverage based
on the complete set of Hvar data in Fig. 9. It is seen that the phase
coverage is quite good. We note that the secondary minimum is
absent in the U magnitude.

440 13 Tau = HD 23016 is a Be star which is only pro-
jected in the sky to the Pleiades cluster but is not its mem-
ber. Barnsley & Steele (2013) provide some evidence of a mild
change in the Ha emission strength (equivalent range from 4.0
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Fig. 10: The UBV time variations of 13 Tau.

to 5.7 A) over the time interval from JD 2451029 to 2455524.
Hvar photometry shown in Fig. 10 provides little evidence for a
significant light variability over a time interval of nearly 10000
days.

17 Tau = HD 23302 This bright member of the Pleiades
cluster, also known as Electra, was reported to be a single-
line spectroscopic binary with the orbital period of 100946 by
Abt et al. (1965). They claimed that the orbit, based on a limited
set of RV measurements, is not well determined. Pearce & Hill
(1975) were not able to definitely provide proof that the star
was spectroscopic binary but left the possibility open. Torres
(2020) derived accurate RVs over an interval of about 800 days
and concluded that there is no evidence of RV changes. Breger
(1972) showed that 17 Tau is constant down to 0M002-0™003.
In his search for Maia variables McNamara (1985) used 17 Tau
as a comparison star in the photometric search for the Maia
candidates, finding is to be constant, and its photometric con-
stancy was also confirmed by McNamara (1987). Also the Hip-
parcos H,, photometry does not show any significant brightness
changes. The Hvar photometry presented in Fig. 11 shows the
presence of mild long-term variations in brightness and colours
on the level of several hundredths of a magnitude.

V971 Tau = 23 Tau = HD 23480 For this bright Be star
from the Pleiades cluster, also known as Merope, (McNamara
1985, 1987) found rapid variation with the 09490 period and an
amplitude of several thousands of magnitude. White et al. (2017)
using data from the Kepler mission confirmed that periodicity
and suggested the existence of several closely spaced periods. In
spite of a very small amplitude of rapid changes, the Hvar pho-
tometry is able to resolve the periodic variations with the 09490
period. The Hvar photometry presented in Fig. 12 indicates that
the small light variability is dominated by these rapid changes
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Fig. 11: The UBYV time variations of 17 Tau.
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Fig. 12: The UBV time variations of V971 Tau.

but reveals also mild long-term variations, best seen in the U—B
index.

490 n Tau = 25 Tau = HD 23630 This brightest Be member
of the Pleiades cluster, also known as Alcyone, is a visual multi-
ple system WDS 03475+2406. Figure 13 shows that mild bright-
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Fig. 13: The UBYV time variations of 7 Tau.

ness and colour variations on various time scales are probably
present. A cyclic secular variation is best seen in the U—B in-
dex. It is worth mentioning that Kretowski et al. (2019) studied
the distances to the brightest stars in the Pleiades derived both
from Gaia DR2 release and from interstellar Ca II lines and con-
cluded these stars do not form a compact cluster but are local-
ized in front of the main Pleiades cluster at a distance close to
what was derived from Hipparcos. They argued that the observed
spread in the individual distances of the stars in the core of the
cluster could be explained by additional grey interstellar extinc-
tion due to the presence of larger dust grains within in the cluster
core.

BU Tau = 28 Tau = HD 23862 This well-known Be star
is one of few for which brightness and colour variations
have beeen recorded systematically for a long time, mainly
thanks to the effort of Sharov and Lyutyj (see Sharov & Lyutyj
1972; Sharov & Lyutyi 1997, and references therein). It is the
primary component of a binary with a highly eccentric or-
bit and an orbital period of 218903 (Nemravovi et al. 2010;
Katahira et al. 1996). The orbit was not resolved interferomet-
rically by Klement et al. (2024). The spectroscopic behaviour of
this star is characterisied by remarkable changes between normal
Be state to Be-shell and Be phase (Hirata & Kogure 1976; Hirata
1995). After a long B phase that lasted until 1937, the star passed
through 3 cycles of photometric and spectral variation. The pho-
tometric variations show long-term cyclic changes which started
with the light decrease lasting for some two years. After reach-
ing the light minimum, a gradual increase in brightness to the
initial level was temporarily replaced by another mild light de-
crease, related to the development of a metallic shell. The periegb
of the complete cycle lasts 34-36 years (Hirata & Kogure 1976;
Harmanec 1982). Using speckle interferometry McAlister et al.
(1989) found a third companion at the separation of 0.22 sec.
Harmanec (1982) and Gies et al. (1990) (and some others) con-
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Fig. 14: The UBV time variations of BU Tau.

sidered a causal connection between the motion of that distant
companion and the occurrence of the shell phases. Roberts et al.
5@007) recorded also the fourth companion of BU Tau at a dis-
tance of 4.66 sec.

Besides a few observations from the season 1976/77, Hvar
data cover almost the entire last cycle of photometric changes. A
secondary minimum is visible on the ascending part of the curve,
the depth of which is the most prominent at shorter wavelengths
—see Fig. 14.

BU Tau shows the inverse correlation between the brightness
and emission-line strength. The behaviour in U-B/B-V is shown
in Fig. 53.

510 V960 Tau = 120 Tau = HD 36576 The light variability
of this star was discovered at Hvar and first reported by
Pavlovski & Bozi¢ (1982). As Fig. 15 shows, the star was mon-
itored quite systematically at Hvar and shows complicated and
seemengly irregular variations with a large range of 0™3 in V. Its
detailed study, which will also include spectroscopic changes, is
in preparation.

{ Tau = 123 Tau = HD 37302 This well-known and for
a long time studied Be star is a single-line spectroscopic bi-
nary with a 132999 orbital period, exhibiting also long-term
cyclic RV and V/R changes at certain time intervals (see the de-
tailed studies by Delplace 1970; Harmanec 1984b; Ruzdjak et al.
2009; Stefl et al. 2009; Carciofi et al. 2009, where also refer-
ences to original papers can be found). There is a clear corre-
lation between the long-term RV and V/R changes. However,
Ruzdjak et al. (2009) have demonstrated that the light and colour
behaviour was different in each long cycle, alternating between
positive and inverse correlation. The first part of Hvar photome-
try has also been discussed by BoZi¢ & Pavlovski (1988). These
saathors found, in addition to long-term changes, also rapid vari-
ations with a 098 period (or a 196 period with a double-wave
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Fig. 16: The UBV time variations of £ Tau.

phase curve). They also detected orbital modulation present in
some cycles, which was missing in the others.

A complete set of Hvar observations is shown in Fig. 16.
The apparent scatter of the data is mainly due to large-amplitude
rapid changes. 600
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Fig. 17: The UBYV time variations of w Ori.

w Ori = 47 Ori = HD 37490 Hvar photometry was ob-
tained mainly as a part of a multisite campaign on the rapid
line-profile and light variability, which resulted in the finding
that both, line-profile and light changes are governed by a sin-
gle 0997 period (Balona et al. 2001). Several episodes of a rapid
light increase have been reported (e.g. Guinan & Hayes 1984;
Bergin et al. 1989) accompanied also by an increase of polar-
ization so it is probable that this star has a positive correlation
between the brightness and Ha emission strength and might be
similar to V442 And. Not very rich Hvar photometry can be seen
in Fig. 17. It seems that the variations of this star are dominated
by rapid changes, no secular changes are seen.

V731 Tau = HD 37967

A limited set of Hvar observations seems to show only small
and probably rapid changes - see Fig. 18. Sigut & Ghafourian
(2023) estimated the disk inclination of about 55° for this B4
star.

V696 Mon = HR 2142 = HD 41335 This Be star was
found to exhibit two consecutive short-lived shell phases period-
ically every 80985 days (Peters 1971, 1972). Later, Peters (1983)
found that the object is a single-line spectroscopic binary with
an orbital period of 809860, derived its radial-velocity curve and
argued that the observed shell phases are consequences of mass
transfer in a binary system. Peters originally argued that the sec-
ondary is a late-type Roche-lobe filling object but no such object
has ever been detected and Waters et al. (1991) proposed an al-
ternative model, assuming that the secondary is a small helium
star and that the disk around the primary is not an accretion, but
an outflowing disk. Peters et al. (2016) indeed detected a weak
signal in the IUE spectra corresponding to a hot subdwarf com-
panion, with a mass ratio of 0.07 and T around 43000 K. Using
numerous optical and IUE spectra, they also revised the orbital
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Fig. 18: The UBV time variations of V731 Tau.

period to 809913. Sterken (1983) reported a 013 light decrease
in the Stromgren b magnitude. Hvar photometry of the object
has been secured rather systematically since the end of 1981
and it was first used, together with the Kitt Peak and Skalnaté
Pleso photometry to demonstrate that no such light decrease oc-
curred and that also the recurrent shell phases are not accompa-
nied by any light changes (Harmanec et al. 1983). The absence
of light changes during a primary shell phase was also reported
by Dorren et al. (1984).

The time plot of the Hvar photometry, shown in Fig. 19
shows only a very mild secular light decrease on the fourth time
scale and little or no changes in both colour indices. One could
suspect some small rapid changes to be present but we note that
the star is always observed at air masses larger than 1.55 at Hvar,
which implies somewhat higher scatter of individual observa-
tions.

OT Gem = HD 58050 Hvar observations were already re-
ported by BoZi¢ et al. (1982) who were unable to confirm ear-
lier reports of rapid periodic changes, and by BoZzi¢ et al. (1999)
who found two episodes of the light brightening and identi-
fied OT Gem as the object with a positive correlation. This
agrees with the inclination estimate of about 20° to 30° by
Sigut & Ghafourian (2023). Balona & Ozuyar (2021) analyzed
small-amplitude rapid light changes for a number of Be stars
using TESS observations. For OT Gem they found a period of
094606 with a non-sinusoidal light curve. Labadie-Bartz et al.
(2022) — investigating two sectors of TESS photometry — noted
the light brightenings and changes on longer time scales but re-
ported also two groups of short periodic changes near 09249 and
04472.

Complete Hvar photometry is in Fig. 20 and shows frequent
episodes of light brightenings, similar to V442 And.
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B CMi = 58715 Dulaney et al. (2017) announced that the
&bject is a single-line spectroscopic binary with a 17094 pe-
riod and a semiamplitude of RV curve of 2.25 km s~!. How-
ever, Harmanec et al. (2019) — measuring RVs on many high-
dispersion spectra — were unable to confirm their result and
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also Klement et al. (2024) did not detect any secondary &P
their interferometry. BoZi¢ et al. (1982) were unable to find ev-
idence of any rapid light variations, but Saio et al. (2007) de-
tected very low light variations in the MOST satellite photom-
etry, which they interpreted as g-mode nonradial pulsations.
Using wavelet analysis, Harmanec et al. (2019) reanalysed the
MOST photometry and found only one stable period of 096169,
which they tentatively identified with the star rotational period.
Balona & Ozuyar (2021) found a period of 096207 with a non-
sinusoidal light curve from TESS photometry.

A rather limited set of Hvar photometry is shown in Fig. 21.
There is little evidence of any changes on longer time scales. 680

BR CMi = HD 61273 A detailed spectroscopic and photo-
metric study, based largely on Hvar photometry, have been pub-
lished by Harmanec et al. (2015). BR CMi was found to be a
B9.5e + G8III semidetached binary in the late phase of the mass
transfer, having ellipsoidal light variations and a slowly increas-
ing orbital period of 129919. No secular or cyclic light changes
were found.

UX Mon = HD 65607 This binary was a subject of a very
detailed spectroscopic and photometric study, based also on
Hvar photometry (Sudar et al. 2011). It was found to be a rare
binary system observed at the early stage of mass exchange, be-
fore the mass ratio reversal. Its 599044 orbital period was found
to be slowly decreasing with time at a rate of 0.26 s per year. In
their discussion of W Ser class of binaries and double periodic
variables Mennickent et al. (2016) claimed that the period of UX
Mon is constant.

HD 81357 = MWC 859 This object was found to be a
semidetached binary in the late stage of the mass exchange
and an ellipsoidal variable. Its detailed study was published by
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Fig. 22: The UBV time variations of x Dra.

Koubsky et al. (2019) and profits from Hvar photometry. Neither
esgcular nor cyclic light changes were found.

» Dra = 5 Dra = HD 109387 This bright Be star ob-
served in an unusually high northern declination, was found to
be a single-line spectroscopic binary with a 61955 orbital period
and a small RV amplitude by Juza et al. (1991). This was con-
firmed by subsequent orbital solutions by Saad et al. (2005) and
Saad et al. (2021). However, all attempts to detect the spectrum
of the secondary failed. The secondary was finally detected from
near-IR interferometry by Klement et al. (2022a). They found
@omass ratio of 0.117 + 0.009, in accord with the range esti-
mated by Juza et al. (1991). Juza et al. (1994) investigated spec-
tral, polarimetric and photometric observations from the past 100
years, including their own, and argued that all observables var-
ied with a period of 8406 days. Saad et al. (2004) concluded that
this variability (which they estimated to 8044 + 167 days) is
probably cyclic, not strictly periodic. This is definitively con-
firmed by the extended series of Hvar photometry, shown in
Fig. 22, which shows a long systematic brightness decrease
since about JD 2451000 up to the present time. This nicely
correlates with the disappearance of the Balmer emission doc-
umented over a similar time interval by Klement et al. (2022a).
Balona & Ozuyar (2021) reported rotational modulation with a
period of 19134 from their analysis of TESS photometry.

V839 Her = 4 Her = HD 142926 This Be star belongs
to a few Be stars systematically monitored at Hvar since
1972. It was identified as a single-line spectroscopic binary
with a 4692 period (Harmanec et al. 1973b; Heard et al. 1975;
Harmanec et al. 1976). Bozi¢ et al. (2013a) reported very mild
light variations with the orbital period. The time plot of all
Hvar and transformed H,, photometric observations is in Fig. 23.
So far, the only large light decrease, associated with the for-
mation of a new shell phase, was discovered by Percy et al.
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Fig. 23: The UBV time variations of V839 Her. The blue dots
denote observations published by Percy et al. (1997).

45750

(1997) and is also recorded in the H, photometry. Since this
is a very interesting case, we made an exception and included
also the observations by Percy et al. (1997) into our time plot
(shown by blue circles). This identifies V839 Her as an object
with the inverse correlation between the light and emission-line
strength (Koubsky et al. 1997). This is corroborated by the stuely,
of Sigut & Ghafourian (2023). These authors compared the in-
clination angles of a number of Be stars based alternatively on
the effects of gravitational darkening, and on the He emission
line profile modelling. They found that V839 Her is seen almost
equator-on. In photometry, no secular variations outside the shell
phase have been detected in either the V magnitude or B—V in-
dex, but are obvious in the U — B index.

0 Sco = 7 Sco = HD 143275 This early B star was for
a long time considered to be a non-variable object and wa¥
even recommended as a uvbyB standars star. Carefully analyz-
ing earlier records and using the MAPPIT optical interferometer,
Bedding (1993) discovered that the object is a spectroscopic bi-
nary with a highly eccentric orbit and a 10.5 yr orbital period
and estimated that the secondary is for 1™5+0™3 fainter than
the primary. This was then confirmed by several other studies.
Tycner et al. (2011) published the revised orbit with a period
of 10.817 yr. eccentricity of 0.9380 and orbital inclination of
32.9°. Cote & van Kerkwijk (1993) discovered the presence of
Ha emission and since then the object became a topic of many
detailed studies. Large brightness and colour variations were otso
served but no clear proof that the occurence of the Ha emis-
sion was related to the periastron passages was found. In fact a
strong Ha emission persist for a long time. Disk evolution dur-
ing three periastron passages was discussed by Rast et al. (2024),
who also show the light and colour curve. It is rather surprising
that all attempts to find the spectral lines of the secondary failed.
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48000 50000

Hvar observations are presented in Fig. 24 and complement
existing observations from other stations, for instance the B—V
photometry by Jones et al. (2013). Note that the object was in-
evitably observed at large air masses from Hvar.

{ Oph = 13 Oph = HD 149757 This star was used to be a
photometric standard star in the past. However, several Ha emis-
sion episodes were recorded in its spectra (see Ebbets 1981, and
“éferences therein). This very rapid rotator is also the first Be
star for which rapid line profile variations were discovered by
Walker et al. (1979). Harmanec (1989) and Harmanec (1999) in-
terpreted the line-profile and small light changes as evidence of
corotating structures revolving with a period of 0964 but many
investigators understand these changes as evidence of non-radial
pulsations. This was also the conclusion of a study based on the
MOST satellite photometry (Walker et al. 2005). Hvar photom-
etry shows only small changes and no secular variations but we
warn that the star was always inevitably observed at large air
masses at Hvar.

720

V744 Her = 88 Her = HD 162732 This Be star has also
been systematically monitored at Hvar since 1972. It was found
to be a single-line spectroscopic binary with an 8647 period
(Harmanec et al. 1972b,a, 1974; Doazan et al. 1982b,a). Fig-
ure 25 shows the light and colour changes of the object over
50 years of Hvar observations. It is seen that the star underwent
three episodes of secular light decreases, accompanied by the
emission and metallic shell episodes, the first one being dis-
cussed in detail by Harmanec et al. (1978). It is a very good
7sgample of an inverse correlation between the brightness and
emission-line strength (see Fig. 53). It is also seen that there is a
slight secular brightness decrease at the light maxima over the
whole interval of Hvar observations on the fourth time scale.
There are almost no secular colour changes in B—V but very
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Fig. 25: The UBYV time variations of V744 Her.
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pronounced ones in U —B. The secondary star is probably a hot
and small object but it has never been directly observed (se, e.g.
Wang et al. 2018).

V974 Her = HD 164447 This is a relatively little stud-
ied B8e star. Hipparcos H,, photometry (Perryman & ESA 1997)
shows a slow decrease in brightness over the whole interval
of observations. As seen in the BeSS database (Neiner et al.
2011), the star lost its Balmer emission in 2020. Hvar photom-
etry shown in Fig. 26 indicates a brightening characteristic for
a positive correlation, which is rather rare for late type B stars.

o Her = HD 166014 This B9.5e star was proposed by
Perry et al. (1987) as a bright uvbyHf photometric standard. All
the Ha spectra in the BeSS database (Neiner et al. 2011), cover-
ing the time interval from 2011 to 2024, show weak double Ha
emission not reaching the continuum level. A limited set of Hvar
photometry shown in Fig. 27 is indicative of small rapid changes
and no secular variations.

NW Ser = HD 168797 The Hvar photometry of this B2e
star was analysed together with photometry secured by
John R. Percy in Toronto to document its rapid and possibly
periodic light changes on time scales from 094 to 595 days
(Percy et al. 1999). No more recent Hvar observations were se-
cured since the publication of that study. Fig. 28 shows the time
plot of all available Hvar and transformed H,, observations.

CX Dra = HD 174237 This object is now known as a
B2e+F5III semi-detached binary with a 64696 period seen un-
der an intermediate inclination of the orbit — see the RV stud-
ies by Koubsky (1976, 1978); Horn et al. (1992); Richards et al.
(2000), and references therein. The light and colour variations
show cyclic changes correlated with the variations of the strength
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790 Fig. 27: The UBYV time variations of o Her.

of the Ha emission on a time scale of several hundred days,
showing a positive correlation (Koubsky et al. 1980, 1998). Be-
sides that, there are low-amplitude phase-locked light changes
with rather unusual properties — see Fig. 3 in Koubsky et al.
(1998). The lower envelope of these changes is reminiscent of
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ellipticity and reflection in the undisturbed state, but frequeazd
brigtenings are seen. We show the complete light and colour
changes recorded at Hvar in Fig. 29.

B Lyr = 10 Lyr = HD 174638 This is one of two first
discovered Be stars and a famous 12993 eclipsing and strongly
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interacting binary with a complicated structure of circumstel-
lar matter comprising from a disk, scattering halo and bipolar
jets and with a rapidly increasing orbital period (19 s per year).
The history of its investigation was summarized by Harmanec
(2002). Hvar observations (shown in a phase plot Fig. 30) have
been secured in support of several large studies, which also pro-
vide summaries of more recent studies: Harmanec et al. (1996);
Ak et al. (2007); Mourard et al. (2018); Broz et al. (2021). For
a long time known cycle-to-cycle variations inside the binary
eclipses are seen there. There is, however, no secular trend in
either the brightness in V passband or in the colour indices.

V923 Agl = HD 183656 This Be star was found to be the
primary component of a 21497 binary by Koubsky et al. (1989).
Its very detailed study, based on all available spectral and pho-
tometric observations over many decades was published by
Wolf et al. (2021). They documented its long-term, orbital and
rapid variations. The object is a typical example of the inverse
correlation between the brightness and emission-line strength.
While it exhibits large-amplitude cyclic RV and V/R variations
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Fig. 31: The UBYV time variations of V923 Aql.

with cycle lengths between about 1800, and 3000 days in RV,
V/R, V magnitude, and U — B index, its B—V index remains sec-
ularly stable and close to zero. Rapid changes, if periodic, may
follow a 098442 period. In Fig. 31 we show the time plot of Hvar
photometry, extended a bit for more recent observations. No ev-
idence of changes on the fourth, longest time scale is seen.

V1294 Agl = HD 184279 This one one of the Be stars with
the largest recorded range of light variations. Its amazing and
complicated spectral, light and colour variations were recently
described in detail in the study by Harmanec et al. (2022), who
discovered that the object is also a spectroscopic binary with a
19299 period. The readers are referred to this study. Here we
only show the extended series of photometric observations from
Hvar in Figs. 32. It is seen that the brightness of the object is still
rising and is maximal over the whole recorded history.

V1507 Cyg = HD 187399 This object was known to have
Ha emission since 1921 and was found to be a peculiar binary
with an eccentric orbit and a 27997 orbital period (Merrill 1949).
Hutchings & Redman (1973) interpreted the object as a binary
in the phase before the onset of a large scale mass exchange
and discussed also a very peculiar orbital light curve, whigdy
was later published in detail by Hill et al. (1976). The peculiar
shape of the light curve was confirmed by our Hvar observa-
tions (Pavlovski et al. 1979). Hutchings & Redman (1973) inter-
preted the light-curve minima as evidence of shallow eclipses.
Davidge (2023) published a very detailed study of the binary and
also summarized all other published studies. Measuring weak
emission wings of the Sim 6347 and 6371 A lines, similarly as
several investigators did for 8 Lyr, he obtained a RV curve of
the secondary and estimated the component masses. He argued
that the brighter primary, whose spectrum is closely remingse
cent of the spectra of bright supergiants such as 8 Ori, is now
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Fig. 32: The UBV time variations of V1294 Aql.

the less massive star of the system, which lost its mass toward
the secondary during the earlier rapid phase of the mass trans-
fer. He correctly pointed out that the orbital period of 2799705
(Hutchings & Redman 1973) has remained constant within the
limits of the accuracy of its determination since Merrill (1949)
study, which implies that the system must now be in the stage
of terminal, slow mass transfer. He also speculated about the
possibility that the unusually eccentric (e=0.388) orbit could be
the consequence of perturbation by a third star in the system or
fly-by. Koenigsberger & Estrella-Trujillo (2024) investigated the
role of the tidal share enrgy dissipation for stars undergoing light
brightenings during periastron passage and modelled such a ef-
fect.

The orbital light curve for the combined Hvar and Hipparcos
H,, observations transformed to Johnson V' is shown in Fig. 33.
812{)0 secular light changes were found.

V1624 Cyg = 28 Cyg = HD 191610 This Be star is
well-known for its pronounced rapid photometric variations
(Percy & Lane 1977; Mills et al. 1979; Pavlovski et al. 1997, for
instance). Baade et al. (2018) analyzed long strings of photome-
try from the BRITE and SMEI satellites in relation to the long-
term variations of the strength of the He emission. They iden-
tified a number of rapid periods ranging from 04318 to 09759,
some of them being combinations of others, and also a pe-
riod of 199634 with the largest amplitude, seen in both, SMEI
and BRITE data. They advocated the hypothesis that the cou-
8obed non-radial pulsation are connected to the mass transfer
from the stellar photosphere to the Be star disk. Wang et al.
(2018) tried to detect new hot subdwarf companions to Be
stars in the IUE spectra. For V1624 Cyg they tabulated RVs
for 25 spectra. Wang et al. (2021) investigated far-UV spectra
from the Imaging Spectrograph of the Hubble Space telescope
(HST/STIS) and were unable to find any lines of the secondary.
Klement et al. (2022b) observed the object interferometrically
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Fig. 33: The 2799705 orbital light curve of V1507 Cyg based on
Hvar (black) and transformed Hipparcos Hj, (red) observations.

with the CHARA array and tentatively suggested an orbit with
a 246 d period. Later, Klement et al. (2024) concluded from ex-
tended interferometry covering about one half of the orbital pe-
riod that the true binary has a circular orbit with a 3599260 pe-
riod and orbital inclination of 119° (i.e. 61°). Using RVs from
Wang et al. (2018) and Wang et al. (2021) papers and the esti-
mated distance to the system, they estimated the masses of both
stars. Sigut & Ghafourian (2023) estimated the inclination of the
Be disk from Ha emission profile fitting as 40°+5° and 69° +17°
from the gravity darkening so it is possible that the disk lies on
the orbital plane of the binary.

Hvar photometry is shown in Fig. 34. It is seen that the vari-
ations are dominated by rapid changes. There are obviously also
changes on longer time scales but our limited set of observations
does not allow to do any firm conclusions about their character.

20 Vul = HD 192044 This is a little studied B8 star.
Copeland & Heard (1963) reported broad nebulous H1 and He1
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Fig. 34: The UBV time variations of V1624 Cyg.
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Fig. 35: The UBV time variations of 20 Vul.

lines and double HB and Hy emission lines with variable inten-
sity and V/R changes for their photographic spectra from the
years 1938 to 1961 but no details were given. We are not aware
of any systematic study devoted this object. Available Hvar pho-
tometry is shown in Fig. 35.
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QR Vul = HR 192685 This object is the brighter compo-
nent of a visual binary ADS 13589, the component B located
only 0”7 from it and being for 2™7 fainter. Balona & Ozuyar
(2021) analyzed the TESS observations and suggested that the
light variations can be phased with a 0497918 period with a non-
sinusoidal shape, which they identified with the period of rota-
tion.

Limited Hvar photometry shown in Fig. 36 is indicative of
rapid changes and occasional light brightenings.

P Cyg = 34 Cyg = HD 93237

Brightness variations of this famous luminous blue variable
have been monitored for 5 years with the BRITE satellites and
the results are presented by Elliott et al. (2022). These authors
were unable to find any consistent periodicities and concluded
that the variations are stochastic in their nature.

Our limited Hvar observations are displayed in Fig. 37. They
can complement the existing observations. We note that the vari-
ations in the U — B index are larger than those in B—V.

25 Vul = HD 193911 Balona & Ozuyar (2021) con-
cluded from the TESS photometry that the small light changes
can be reconciled with a 19890 period with a non-sinusoidal light
curve. They identified it with the star rotational period. Lim-
ited Hvar photometry shown in Fig. 38 is indicative of small-
amplitude rapid changes, with possibly some secular evolution
in the U—B index..

V2119 Cyg = HD 194335 Klement et al. (2024) obtained
an interferometric circular orbit with a period of 6341475 and
summarised the previous studies of this be binary with a hot
compact companion. Regrettably, no optical RV curve is avail-
able.

455} .
4.65f o .

4751

V (mag.)

485 Y ]

495 . 1

0.48}
0.44}

0.40} ; l ;

B-V (mag.)

036

032

-0.59 1

-0.57

B k]

055} N : .

U-B (mag.)

053 . ' .

051} : ' §

I L L L L L L L L L L
46000 48000 50000 52000 54000 56000
HID-2400000

Fig. 37: The UBV time variations of P Cyg.
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Fig. 38: The UBV time variations of 25 Vul.

Hvar photometry is shown in Fig. 39. A plot of combined
Hvar V magnitude and transformed H,, magnitude versus the or-
dattal phase does not show a convincing light curve.

V1661 Cyg = 55 Cyg = HD 198478 This star is classi-
fied as a B3-4la supergiant. It was a subject of almost 500
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Fig. 39: The UBV time variations of V2119 Cyg.

studies so we only refer readers to the paper of Kraus et al.
(2015), where the studies of spectral and photometric variability
of V1661 Cyg are summarised. These authors tried to study an
interplay between the mass loss and pulsatons and decomposed
the observed variations in several obervables into a number of
periods ranging from 2.7 hours to 2295.

Our limited set of Hvar observations is shown in Fig. 40. It
shows some variability in V and B—V colour but, notably, no
variability in the U —B index.

V832 Cyg = 59 Cyg = HD 200120 This object is
the brightest component A of the multiple visual system
ADS 14526, with a rather distant fainter components B, C, D,
and E. Already Harmanec (1982) speculated that — at that time
already known — spectral variations and appearance of shell
phases of V832 Cyg could be related to the presence of as yet
unknown close visual companion. McAlister et al. (1984) in-
deed discovered such a companion Ab and its orbital variations
has beeen monitored since then. Mason published a preliminary
orbit of the Aa-Ab pair with an orbital period of 161.5 yr and
eccentricity of 0.261 in Information Circular 175 of the IAU
Comm. 26, but no details were given. Tarasov & Tuominen
(1987) discovered radial-velocity (RV) and V/R variations of
the Ha emission with a 29414 period, which they interpreted
as the evidence that the object is a spectroscopic binary.
Harmanec et al. (2002) carried out a detailed study of this Be
stars, based on spectral and photometric observations from
several observatories. They indeed confirmed that V832 Cyg
is a spectroscopic binary with a 2891971 period and argued
that the true orbital RV amplitude is best defined by the RVs
measured on the steep emission wings of the He line profile.
This was nicely confirmed by the study of Peters et al. (2013),
who derived the RV curves of both binary components from
the far-UV spectra and proved that the secondary is a hot O
type subdwarf. Harmanec et al. (2002) also documented the
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Fig. 41: The UBV time variations of V832 Cyg.

long-term light and colour changes with a positive correlation
between the light and emission-line strength combined with
changes probably attributable to one-arm disk oscillation.
Prewhitening photometry for these long-term changes, they
found mild sinusoidal light changes with the orbital period.
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The long-term brightness and colour variations of V832 Gy
extended to the present time are shown in Fig. 41 and the accom-
panying behaviour in the colour-colour diagram is in Fig. 52.
One can see a steady rise of the brightness over the whole time
interval covered by the UBV observations, attributable to the
variability on the fourth time scale.

V1931 Cyg = 60 Cyg = HD 200310 This object is the
brighter component of a visual binary WDS J21012+4609.
Koubsky et al. (2000) discovered that the object is also a spec-
troscopic binary with a 14696 period and analysing photomegy,
including Hvar observations, they reported large cyclic changes
and several possible rapid periods near 1 d. For comparison,
Balona & Ozuyar (2021) reported a rotational period of 096109
with a double-wave light curve from TESS photometry. The bi-
nary was resolved interferometrically and the combined spec-
troscopic and astrometric solution gave an inproved period of
1479617, an eccentric orbit with e = 0.20, and the orbital incli-
nation of 84°6 (Klement et al. 2024). Hvar photometry plotted in
Fig. 42 shows the pronounced cyclic light and colour changes on
a time scale of years. Surprisingly, its shows a clear positive cor-
relation in the U—B vs. B—Vdiagram. Is the circumstellar disk
tilted with respect to the binary orbit? 1040

V382 Cep = 6 Cep = HD 203467 Kraj¢eva & Koubsky
(1983) analyzed two sets of RVs from photographic spectra
and suggested that the object could be a close spectroscopic bi-
nary with periods of either 294389 or 047085. Balona & Ozuyar
(2021) found a photometric period of 19658, which they iden-
tified with the star rotational period. Limited Hvar observations
are shown in Fig. 43. They show some secular changes but little
can be said about their character.

8 Lac A = HD 214168 = HIP 111546 8 Lac is a multi-
ple system WDS J22359+3938 composed of components Aa,
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Fig. 43: The UBYV time variations of V382 Cep.

Ab, B,C, D, E, F, G, H, I, and J. Component B is also an early
B star with V = 648 according to a few Hvar observations,
%9 agreement with the HD catalog. We note that the SIMBAD
bibliography gives incorrectly V = 5767 for 8 Lac B. Regret-
tably, there are no Hipparcos H}, observations with error flags 0
or 1 in the Hipparcos catalogue for either 8 Lac A or 8 Lac B.
Balona & Ozuyar (2021) classify the star as 8 Cep and rotational
variable from TESS photometry and give a rotation period of
044277. Klement et al. (2024) were unable to resolve the binary
in a consistent way from their interferometric observations.
Hvar photometry is shown in Fig. 44. It indicates mild rapid
and secular cyclic changes but little can be concluded about their

character.
1000

HR 8682 = HD 216057 This B8 star has no variable-star
name and the BeSS spectra since 2001 to 2024 show no or only
marginal He emission (Neiner et al. 2011). A limited set of Hvar
photometry is in Fig. 45. No clear evidence of variability was
found.

V360 Lac = HD 216200 This object was found to be a
semi-detached Be+F binary with a critically rotating secondary
and an orbital period of 109085 (Hill et al. 1997; Linnell et al.

102006). There are also mild cyclic brightness and colour changes
but no slow changes on the fourth time scale. Since no new Hvar
photometry was obtained since the publication of Linnell et al.
(2006), we refer readers to the two cited papers, where also other
studies of this object are summarised.

EW Lac = HD 217050 This is a very active Be star, worth
of a detailed and complex study. It has been studied for about 100
years. Its Balmer emission was variable until 1926. Then a strong
emission with sharp shell lines visible over the whole Balmer
series has developed and remained stable until 1977, when the
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Fig. 44: The UBV time variations of 8 Lac A.
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star became active again (see, e.g. Harmanec et al. 1979). These
authors also showed that the star is a classical example of the
positive correlation between the brightness and emission-line
strength. Stagg et al. (1988) summarised the history of its photo-
metric studies and suggested a period of 0972, close to timescales
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Fig. 46: The UBYV time variations of EW Lac.

detected in previous studies, but with a light curve variable with
time. The spectra from the BeSS database (Neiner et al. 2011)
show that the emission gradually weakened and is virtually miss-
ing since 2022.

Complete Hvar photometry shown in Fig. 46 indicates that
the star is an example of variability on the fourth time scale, with
secular brightness increase. It is also seen that the amplitude of
rapid variations decreased as the star was gradually losing the
Balmer emission.

o And = HD 217675 = HR 8762 This is a remarkable Be
star, for which rapid photometric variability was discovered al-
ready during World War I, based on photoelectric observations
published by Guthnick & Prager (1918). Later, Guthnick (1941)
reported a 195765 period of light variations and the star was long
considered to be a close contact binary (see Harmanec 1983,
for the whole early history of the search for the true period
of its changes). Later, it was found that o And is a multiple
system, containing a double-lined spectroscopic binary with a
334085 period, moving in a wide orbit with the Be star, which
dominates the optical spectrum (Hill et al. 1988; Harmanec et al.
1987a). The object exhibits rapid light variations with a period
of 19571272 and a variable shape of the light curve (Harmanec
1984a; Harmanec et al. 1987b; Stagg et al. 1988) and superim-
posed cyclic variation with a regular cycle length over 2500 d
(8.5 yr). Harmanec (1984a) suggested it could be related to a vi-
sual binary discovered by Wilson (1950) and causing recurrent
shell phases. Hvar photometry shown in Fig. 47 shows regular
changes with a possible period of 2525 d.

KX And = HD 218393 A large spectroscopic and photo-
metric study, based also on Hvar photometry, was published
by Stefl et al. (1990). These authors found periodic RV, light
and colour variations with a 389919 period and suggested tenta-
tively that the object could be an interacting binary. Floquet et al.
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(1995) and Tarasov et al. (1998) obtained a clear circular-orbit
period based on sharp lines of G8II spectrum with a semiampli-
tude of 86 km s~!, proving thus definitively the binary nature of
the object.

Hvar photometry is in Fig. 48. No secular changes are seen.
The orbital light curves are in Fig. 49.

KY And = HD 218674 Stagg et al. (1988) published the
results of an international observing spectral and photometric
campaign on five Be stars including KY And. Hvar photome-
try represented a significant contribution. While rapid light vari-
ations were undoubtedly found for KY And, determination!
a consistent period or a combination of several periods was not
convincing. The most promising period of 09753 was detectable
only in a part of the data.

Complete Hvar photometry is in Fig. 50. It is obvious that
the rapid changes dominate, no secular trends are seen.

LQ And = HD 224559 This is one of the first Be stars for
which the presence of small-amplitude periodic light variations
was found (Percy 1983). A very detailed period analysis of nu-
merous photometric observations, including numerous observao
tions from Hvar by Harmanec et al. (1991) led to the conclusion
that that light variations follow a 0961904 period with a double-
wave light curve, which was tentatively identified with the star
rotation period. Matthews et al. (1991) analyzed a series of elec-
tronic spectra and reported that the object could be a single-line
spectroscopic binary with a 79413 orbital period. The RV residu-
als from the orbital solution as well as line intensities and equiv-
alent widths were found to vary with the photometric 0961904
period. It is necessary to add that the binary period was not con-
firmed in any of the follow-up studies. The unpublished He spec-
tra and spectra from the BeSS database indicate that during the
past 20 years the star had a strong emission reaching up to 4
times the continuum level.
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Fig. 48: The UBV time variations of KX And.

Hvar photometry is shown in Fig. 51.

4. Discussion

Our systematic observational effort and monitoring of a repre-
sentative sample of bright Be stars from the Northern Hemi-
sphere (down to declinations of about —20°) helped to realiza-
tion that virtually all Be stars are light and colour variables and
to the recognition of several of their characteristic timescales.

With the exception of several dedicated observational cam-
paigns, our photometry is more suited to the detection of changes
on long time scales.

The cases of objects like 8 Lyr or V1507 Cyg show how the
duplicity or multiplicity of individual emission-line objects can
lead to a large variety of observational effects. In particular, the
Roche-lobe filling brighter but usually less massive secondaries
in the binaries with large-scale mass transfer can have spectra,
which closely mimic the supergiant or bright giant spectral clas-
sification but have masses significantly lower than 10 M.

It is also notable that the vast majority of known binaries with
the Be primary has circular orbits. This seems to indicate that
these systems underwent large scale mass transfer sometimes
in their evolution, which helped to circularize their orbits. For
V1507 Cyg, which has an eccentric orbit, Davidge (2023) argued
that the eccentricity was caused by a third body in the system.
This could also by the case of BU Tau, a member of the Pleiades
cluster, where the encounter with another body seems quite prob-
able. Also another object with an eccentirc orbit, V1931 Cyg, is
a member of a relatively close visual system.

Our sample indicates that the least variable Be stars are found
among objects with spectral types later than BS. Shokry et al.
(2018) — who studied a different sample of Be stars — arrived at
a similar conclusion. However, this is not a general rule. Objects
like V839 Her, V744 Her or BU Tau actually show large secular
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Fig. 49: The 389919 orbital light curve of KX And based on Hvar
(black) and transformed Hipparcos H, (red) observations.

changes. Could that be related to the fact that all of them are
known binaries?

We note that in some cases of secular changes, the amplitude
of variations in the B—V index is larger than that in U - B, while
in other objects it is just opposite.

The existence of variations on the four time scale implies that
it is not easy to estimate the true stellar radius from the dered-
dened V magnitude, bolometric correction and measured paral-
lax since even the observed V magnitude outside the emission-
line episodes varies with time and probably refers to the remain-
ing stellar pseodophotosphere.

We wish to issue a warning that it can be somewhat danger-
ous to built models of Be star disks based only on satellite pho-
tometries with their very broad passbands only. Cases of stars
like V744 Her, V1294 Aql or BU Tau show that the variations
in the yellow, blue, and ultraviolet parts of the stellar spectrum
can be quite different and these differences are invitably affecting
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Fig. 51: The UBYV time variations of LQ And.

the variability patterns recorded with the very broad passbands
of the MOST, TESS, and largely also BRITE satellites.

In Figures 52 and 53 we show examples of the positive

and inverse correlations between the brightness and Balmer-line

11emission strenth as defined in Sect. 3. We note that besides the
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basic type, the inverse correlation is also observed on the time
scale of binary orbital motion for binaries observed nor far from
the equator-on configuration. This is obviously due to varyin
projection effects of circumstellar matter as these binaries 1r2€%—)
volve around each other. This is the case of KX And, UX Mon
or RX Cas in Fig. 53.

In passing, we would like to admit openly that we have de-
liberately postponed the publication of the complete Hvar data
archives for a late date. The reason is that we still plan several
dedicated studies of objects studied more systematically at Hvar.
We are, however, open to sharing the data with colleagues seri-
ously interested in collaboration with us on such studies. 260
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Appendix A: Monitoring the atmospheric extinction
at Hvar

Determination of linear extiction coefficients for every night of
observations, in which the observed standard stars span a suffi-
cient range of air masses (at least 0.2), was a natural part of the
data reduction.

It was deemed useful to present these data, relevant to air
pollution at Hvar. Their value exceeds the astronomical interest
and can be valuable for broader community, ecology studies in
particular.

The seasonal variations, plotted in Fig A.1 and already noted
by Koubsky & Pavlovski (1982), are clearly seen. During the
winter seasons, atmospheric extinction is usually lower as the
sea does not evaporate too much. During the summer seasons,
the values of the extinction coefficients exhibit a large scatter
due to local weather changes but on an average they are much
higher then in the winter. Another thing worth noting is that the
minimum values of the seasonal changes do not show any annual
modulation. Such a behavior has also been found at some other
sites, for instance at La Silla (Rufener 1986) or Grosschwab-
hausen observing station (Reimann et al. 1992)). We note that
in Fig A.1 there are some values of extiction coefficients lying
below the general slope of the minimum extinction, especially
for the U band. These extinction coefficients were usually de-
termined on poor photometric nights or the nights where only
few extinction standard stars had been measured. Of course, such
nights were never used for all-sky photometry.

In Figure A.2 we present a time plot of all extinction co-
efficients in U, B and V passbands, recorded at Hvar Observa-
tory over the past fifty years. The scatter of the values is mainly
caused by seasonal changes discussed above. Nevertheless, a
mild growth of the extinction can be seen in 1975 and 1982.
Such increases are often related to large volcanic eruptions any-
where in the world. The first maximum, seen in 1975 may be
due to eruption of the El Fuego volcano in Guatemala (October
1974). We warn, however, that during the first observing seasons
at Hvar, only a limited number of nights and standard stars suit-
able for accurate determination of the extinction were available.

The next increase of the extinction appeared at the time
of eruption of the El Chiichon volcano (March 1982). The
growth of extinction coefficients after this eruption was also
recorded at other observatories like La Silla (Rufener 1986;
Burki et al. 1995), Jena University Observatory (Reimann et al.
1992), or Lowell Observatory (Lockwood & Thompson 1986).
However, the effect of the powerful eruption of the St. Helens
volcano (March 1980) was not obviously felt at extinction at
Hvar. Needless to say, a very small number of observations
was made at that time, however. Also the La Silla observations
(Rufener 1986) and observations at the Jena University Observa-
tory (Reimann et al. 1992) did not detected this eruption while
at the Lowell Observatory (Lockwood & Thompson 1986), the
effect was only marginal. The strong Pinatubo eruption (April
1991) was not covered by Hvar observations because of the in-
termission due to war in Yugoslavia.

A more detailed analysis of the extinction variations at Hvar
and their nature will be published elsewhere. Here we only note
that already Pavlovski et al. (1979) pointed out that the influence
of the molecular absorption (mainly by O3) is of little effect in
the UBYV region. The Rayleigh scattering on air molecules that
depends on wavelength and the air pressure shows a small range
of variability. The most variable component of the extinction is
scattering by aerosols. The Hvar Observatory is a low-altitude
station and in the vicinity of the sea and is a subject to signifi-
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Fig. A.1: The seasonal variations of the extinction coefficients at
"SPyar Observatory.

cant weather changes even within one night. Obviously the sea
spray plays a major role in the large variations of extinction dur-
ing the summer seasons. Also occasional forest fires, quite fre-
quent on the Adriatic coast, may have significant influence on
the measured extinction.
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Table 4: Hvar standard stars with at least 20 observations secured in 2 or more seasons

Name of HD or BD  JDmin - JDmax Number of |4 B U B-V U-B
Star number -2400000 observations (mag.) (mag.) (mag.) (mag.) (mag.)

12 Cas 2011 45307.3-60362.4 117  5.385+0.009 5.397+0.010 5.246+0.012  0.012  -0.151
HR 96 2054 57627.5-58887.3 29  5.746+0.009  5.683+0.009 5.370+0.011  -0.063 -0.313
HR 113 2626 45216.5-60362.3 161 5.940+0.010  5.953+0.011 5.603+0.013  0.013  -0.350
HR 189 4142 45212.6-60583.5 847 5.674+0.008  5.549+0.009 4.978+0.011 -0.125 -0.571
vl Cas 5234 45216.5-59172.4 94 4.842+0.012 6.057+0.010  7.307+0.011 1.215 1.249
HR 285 5848 56639.2-57957.5 62 4.261+0.012 5.481+0.011 6.798+0.012 1.219 1.317
HR 286 5914 54015.4-58385.4 124  6.488+0.010 6.578+0.011 6.652+0.013  0.090 0.074
HR 289 6114 45648.2-60583.5 615 6.472+0.009  6.721+0.009 6.814+0.010  0.248  0.093
HR 333 6798 54015.4-57656.5 35 5.619+0.011 5.641+0.010 5.661+0.013  0.022  0.020
51 And 9927 44956.2-60583.5 925 3.600+0.010 4.881+0.010 6.312+0.011 1.281 1.432
HR 488 10362 54719.5-57779.4 326 6.337+0.009 6.367+0.010 5.942+0.011 0.030 -0.425

2 Per 11291 44956.2-60583.5 754  5.713+0.008  5.646+0.009 5.369+0.011  -0.067 -0.277

HR 561 11875 54719.5-57779.4 257  6.026+£0.009  5.996+0.009 5.588+0.010  -0.030 -0.408
47 Cas 12230 55645.4-57615.5 21  5.294+0.014 5.617+0.013 5.658+0.015 0.323  0.041

4 Per 12303 44956.2-60583.5 853  5.009+0.008  4.936+0.009 4.631+0.011  -0.073 -0.305

HR 753 16160 46324.6-59275.3 172 5.815+0.011 6.792+0.010  7.585+£0.012  0.977  0.793
HD 16578 16578 52584.3-55068.6 245 9.029+0.022  9.113+0.015 9.186+0.022  0.084 0.073
24 Per 18449 44865.6-59179.4 48 4.959+0.009 6.191+0.011 7.465+0.015 1.232 1.274
HD 18962 18962 42607.5-60323.3 163 7.939+0.011  8.547+0.012 8.644+0.014  0.607  0.098
HD 18992 18992 52584.3-55068.6 190 8.456+0.014  8.545+0.018 8.005+0.018  0.089  -0.540
HD 19193 19193 42607.6-58002.6 109 8.140+0.011  9.396+0.013  10.696+0.022 1.256  1.300
HD 19556 19556 55795.5-60323.3 92 8.441+0.012 9.086+0.011 9.215+0.014  0.645 0.129
w Per 19656 44861.6-59106.5 169 4.636+0.010 5.748+0.010 6.792+0.014 1.112  1.044

HR 950 19736 44861.6-59097.5 142 6.160+0.011  6.060+0.009 5.486+0.014  -0.099 -0.574
HR 1034 21278 45307.4-59176.4 58 4.999+0.009 4.908+0.012 4.366+0.013  -0.092 -0.541
4 Tau 21686 54116.2-60323.4 390 5.150+0.009 5.105+0.010  5.012+0.012  -0.045 -0.093

HR 1074 21856 44988.3-59179.4 102 5.902+0.010  5.836+0.011 5.005+£0.015 -0.066 -0.831
6 Tau 21933 54116.2-60323.4 331 5.774+0.009  5.698+0.010 5.398+0.012  -0.076  -0.300

HR 1133 23193 44988.3-59106.5 49 5.615+0.012 5.675+0.013 5.772+0.016  0.060  0.096
16 Tau 23288 44863.6-60583.5 437 5.476+0.008 5.438+0.009 5.097+0.011  -0.038 -0.341

18 Tau 23324 43140.3-60583.5 621 5.674+0.009 5.601+0.010 5.231+0.011  -0.073 -0.370

43 Per 24546 45307.4-59176.4 30 5.287+0.014 5.704+0.016 5.713+0.018  0.417  0.009
HR 1229 24982 47444.4-59179.4 44 6.506+0.007 6.613+0.009 6.700+0.010  0.107  0.087
HR 1243 25339 56523.6-60583.5 223 5.670+0.011 5.689+0.011 5.267+0.013  0.019 -0.422
v Tau 25490 41691.2-59248.3 22 3.906+0.014 3.934+0.013 3.999+0.014  0.028  0.064

37 Tau 25604 44863.6-59598.3 240 4.381+0.010  5.440+0.009 6.411+0.010 1.058 0.971

A Per 25642 48273.3-58888.4 78 4.289+0.006 4.266+0.007 4.258+0.009 -0.023 -0.008

HR 1284 26171 56523.6-60583.5 175 5.954+0.012 5.994+0.011 5.917+0.012  0.040 -0.077
02 Eri 26965 41691.2-59275.3 20 4.426+0.009 5.237+0.011 5.679+0.011 0.812  0.442

HR 1482 29526 48273.3-58888.3 75 5.674+0.005 5.661+0.006 5.630+0.009 -0.013 -0.030
59 Per 29722 44926.5-58889.4 37 5.308+0.009  5.324+0.007 5.351+0.010  0.016  0.027
HD 31894 31894 55574.3-58864.4 49 8.484+0.012  8.529+0.015 7.883+0.016  0.045 -0.645
HR 1644 32655 45307.5-59103.5 205 6.222+0.008  6.667+0.009 7.003£0.012  0.445 0.336
u Aur 33641 44926.5-58889.4 48 4.826+0.013  5.018+0.022 5.119+0.041 0.192  0.101

HR 1725 34332 55858.6-59179.6 32 6.233+0.010 7.610+0.011 9.247+0.024 1.376 1.638
A Aur 34411 45307.5-59103.5 260 4.708+0.008  5.317+0.009 5.463+0.011 0.609 0.146

HR 1738 34557 55858.6-59179.6 24 5.478+0.007 5.593+0.007 5.682+0.010  0.115  0.088
p Aur 34759 55858.6-59179.6 24 5.223+0.006  5.079+0.007 4.485+0.010 -0.144 -0.594

HD 35619 35619 41691.2-59248.4 37 8.533+0.015 8.802+0.012 8.140+0.014  0.269 -0.662
HD 35653 35653 41691.2-59248.4 36 7.451+0.022  7.586+0.018 6.883+0.013  0.135 -0.703
33 Ori 36351 51512.5-60362.4 249  5.458+0.008 5.274+0.008 4.446+0.009 -0.184 -0.828
HR 1860 36589 43136.4-60583.6 892  6.203+0.009  6.176+0.009 5.779+0.011  -0.028 -0.397
HR 1861 36591 53744.4-60362.4 198  5.341+0.009  5.150+0.009 4.223+0.011  -0.190 -0.927
HR 1871 36741 51512.5-54021.6 65 6.584+0.009 6.398+0.009 5.607+0.010 -0.186 -0.791
121 Tau 36819 44902.6-60583.6 170  5.380+0.010  5.300+0.009 4.668+0.012 -0.080 -0.632
126 Tau 37711 43136.4-60574.6 704  4.847+0.009 4.723+0.010  4.075+0.012 -0.125 -0.648
51 Ori 37984 51512.5-60362.3 126  4.930+0.010 6.078+0.010  7.139+0.012 1.147 1.062

x1 Ori 39587 43136.4-60575.6 467 4.406+0.011  4.992+0.011 5.060+0.013  0.586  0.069
HR 2154 41692 44902.6-52561.6 72 5.379+0.012 5.252+0.013 4.707+0.016  -0.127 -0.545
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Table 4: continued

Name of HD or BD  JDmin - JDmax Number of |4 B U B-V U-B
Star number -2400000 observations (mag.) (mag.) (mag.) (mag.) (mag.)

HR 2205 42690 44902.6-59974.4 369 5.055+0.009 4.860+0.010  4.077+0.012 -0.196 -0.783
HR 2218 43023 44902.7-59974.4 201  5.860+0.009 6.764+0.010  7.401+£0.013 0904 0.636
HR 2248 43526 44993.4-58892.4 67 6.565+0.010 6.450+0.011 5.946+0.015 -0.114 -0.504
HR 2300 44783 44993.4-58892.5 75 6.268+0.011 6.193+0.012 5.904+0.018 -0.076 -0.289
10 Mon 45546 44902.6-59974.4 271  5.055+0.009  4.876+0.009 4.118+0.011  -0.179 -0.758
Y4 Aur 47914 45023.4-58925.4 31 5.039+0.010 6.530+0.011 8.372+0.016 1.491 1.842

18 Mon 49293 44993.4-58892.5 54  4.506+0.010 5.605+0.011 6.637+0.016 1.099 1.031
HR 2532 49949 45023.4-58925.4 46 6.263+0.010  6.486+0.009 6.614+0.013  0.223  0.128
16 Lyn 50973 45023.4-58925.4 24 4.919+0.008 4.948+0.009 5.004+0.013  0.030  0.055
HR 2645 52860 45023.4-58925.4 26  6.381+0.009  6.342+0.009 6.091+0.011  -0.038 -0.251
1 CMi 58187 44984.4-59300.4 515 5.383+0.009  5.488+0.009 5.620+0.011 0.104 0.132

€ CMi 58367 44984.4-59300.4 273  5.016+0.010  6.013+0.009 6.791+0.012  0.997  0.777
HR 2858 59059 44984.4-59300.4 367 6.247+0.009  6.202+0.009 6.102+0.011  -0.045 -0.100
HD 61341 61341 55586.5-57792.5 31 7.980+0.014  8.175+0.006 8.276+0.025 0.195 0.101
{ CMi 63975 45056.3-58929.4 47 5.134+0.009 5.016x0.011 4.539+0.011  -0.118 -0.477
HD 65005 65005 52655.4-58946.3 63 8.003+0.009 8.115+0.012 8.247+0.016  0.111  0.133
HD 65199 65199 52655.4-58946.3 81 7.682+0.010 7.600+0.009 7.214+0.012  -0.082 -0.385
HR 3145 66141 53026.5-58929.4 26 4.414+0.008 5.662+0.011 6.949+0.014 1.247 1.287
30 Mon 71155 43143.5-58929.4 45 3.903+0.010 3.887+0.008 3.862+0.010 -0.016 -0.024
39 Cnc 73665 41691.6-59276.4 21  6.427+0.013  7.400+0.010 8.225+0.011 0.973  0.825

42 Cnc 73785 41691.6-59276.4 25 6.840+0.012  7.042+0.013 7.203+0.010  0.202  0.161
HR 3608 77692 55879.6-58946.4 32 6.454+0.006 6.491+0.005 6.573+0.006  0.037  0.081
HD 81772 81772 55879.6-58946.4 43  8.256+0.010  8.570+0.008 8.732+0.012  0.314 0.162
HD 82861 82861 55879.6-58946.4 61 7.074+0.008 7.218+0.008 7.312+0.007  0.144  0.094
o Leo 83808 46095.5-58946.3 74 3.523+0.012 4.001+0.011 4211+0.013 0478 0.210

v Leo 86360 46095.5-58946.3 61 5.275+0.013 5.222+0.012 5.101+0.014  -0.053 -0.121

A UMa 89021 43143.6-50902.5 75 3.456+0.012  3.479+0.010 3.558+0.012  0.022  0.079

43 Leo 89962 46095.5-58892.6 39 6.105+0.014  7.204+0.010 8.317+0.021 1.099 1.112

49 UMa 95310 50854.4-50902.5 71 5.082+0.016 5.317+0.010  5.500+0.013  0.236  0.182
51 UMa 95934 50854.4-50902.5 80 6.031+0.016 6.187+0.011 6.288+0.013  0.156  0.101
55 UMa 98353 50854.4-50902.5 63 4.774+0.015 4.881+£0.010  4.919+0.015  0.107  0.038
HD 104316 104316 45357.6-58924.5 77 6.775+0.008 6.867+0.008 6.947+0.013  0.092  0.080
HR 4609 104985 44984.7-59733.4 212 5.825+0.013  6.847+0.013 7.693+0.016 1.022  0.846
HR 4687 107193 44984.7-59733.4 359 5.492+0.010 5.534+0.011 5.611+0.013  0.042  0.077
HR 5018 115612 45357.6-59733.4 165 6.220+0.008  6.165+0.008 6.028+0.009  -0.055 -0.137
81 UMa 118214 41828.4-59025.4 30 5.637+0.009 5.608+0.010  5.544+0.009 -0.029 -0.064
HR 5162 119476 52444.4-52445.5 25 5.845+0.009 5.916+0.010 5.983+0.017  0.071  0.067
HD 119581 119581 52444.4-52445.5 23 6.614+0.008 6.738+0.011 6.845+0.016  0.124  0.107
HR 5216 120874 41828.4-59025.4 45 6.490+0.011 6.578+0.012 6.641+0.014  0.089  0.063
50 Boo 136849 45916.3-59032.4 76  5.393+0.009  5.334+0.008 5.143+0.010  -0.059 -0.191
HR 5760 138341 45916.3-59032.4 97 6.469+0.010 6.667+0.010 6.795+0.013  0.199  0.128
BD+64 1078 139549 53491.4-59344 4 178 9.141+0.011  9.546+0.012 9.503+0.017  0.406 -0.044
BD+64 1079 139703 53491.4-59344 4 141  9.312+0.011 10.233+0.011 10.812+0.016 0.921  0.578
HD 141930 141930 45121.4-58564.6 76  7.716+0.008  7.815+0.008 7.916+£0.012  0.099 0.102
A Lib 142096 52068.4-60518.4 100 5.026+0.010 5.035+0.011 4.430+0.014  0.009 -0.605

x Her 142373 42994.3-60467.4 472 4.606+0.008 5.176+0.009 5.185+0.011 0.569  0.009

A CrB 142908 44432.3-59032.4 129 5.436+0.010 5.781+0.011 5.816+0.011 0.345 0.036

v Her 144206 41528.5-60467.4 720  4.736+0.008  4.642+0.009 4.315+£0.011  -0.094 -0.327

w1 Sco 144470 42241.4-60518.4 121 3.935+0.010  3.932+0.012 3.092+0.013  -0.003 -0.841

¢ Her 145389 41536.4-60467.4 544 4.249+0.007  4.189+0.009 3.937+0.010 -0.061 -0.251
HR 6096 147550 52494.3-54296.4 80 6.243+0.013  6.301+0.010 6.293+0.013  0.058 -0.009
p Oph 147933 52494.3-56094 .4 21 4.567+0.031 4.802+0.030  4.227+0.031 0.235 -0.575

v Oph 148357 52494.3-56094.4 135 4.636+0.010 4.814+0.013 4.888+0.013 0.178 0.074
16 Oph 151133 52494.3-54280.5 50 6.037+0.007 6.017+0.009 5.878+0.011  -0.020 -0.139
HR 6278 152585 52494.3-53192.4 32 6.584+0.012 6.715+0.015 6.829+0.019  0.130 0.114
€ Her 153808 52068.3-55120.3 95 3.918+0.010 3.895+0.010 3.804+0.011 -0.023 -0.091

HR 6353 154445 54275.4-58002.3 90 5.623+0.010 5.795+0.012 5.171+0.016  0.172  -0.623
HR 6361 154660 54275.4-58006.3 363 6.360+0.010 6.572+0.011 6.667+0.014  0.212  0.095
HR 6367 154895 54275.4-58002.3 275 6.061+£0.009 6.140+0.010 6.159+0.011 0.078 0.019
72 Her 157214 52068.3-55120.3 95 5.385+0.011 6.005+0.010 6.090+0.011 0.620  0.085
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Table 4: continued

Name of HD or BD  JDmin - JDmax Number of |4 B U B-V U-B
Star number -2400000 observations (mag.) (mag.) (mag.) (mag.) (mag.)

77 Her 158414 43313.4-60574.3 814 5.851+0.008  5.979+0.009 6.118+0.010  0.128  0.139

30 Dra 162579 41536.4-60574.3 710 5.040+0.008  5.073+0.009 5.080+0.010  0.033  0.007

& Dra 163588 42241.4-60574.3 626 3.745+0.010  4.925+0.010 6.150+0.011 1.180  1.225

HR 6689 163624 43712.4-59043.5 77  5.953+0.012 6.078+0.012 6.167+£0.017  0.125  0.089
HR 6690 163641 45105.5-60535.3 146  6.290+0.009  6.296+0.010 6.062+0.011 0.006 -0.234
93 Her 164349 44799.3-60535.4 356 4.680+0.009  5.923+0.009 7.141+0.010 1.243 1.219

HR 6719 164432 45105.5-60535.4 176 6.352+0.009  6.277+0.011 5.520+0.012  -0.075 -0.756
71 Oph 165760 45105.5-59793.4 106 4.663+0.008 5.615+0.009 6.356+0.011 0.952 0.741

102 Her 166182 44799.4-60535.4 491 4.359+0.008 4.189+0.010 3.392+0.011  -0.170 -0.797
101 Her 166230 46269.4-60531.4 343  5.115+0.008 5.278+0.009 5.458+0.010 0.162  0.180

15 Sgr 167264 41824.6-59027.5 32 5.315+0.018 5.388+0.018 4.524+0.020  0.073 -0.864

21 Sgr 169420 41824.6-59027.5 41 4.801+0.016  6.122+0.020  7.106+0.025 1.321  0.984

HR 6900 169578 44433.4-59044.5 271  6.732+0.010  6.758+0.011 6.561+0.013  0.026 -0.197
HR 6925 170137 44433.4-59044.5 145 6.003+0.012  7.659+0.012 9.520+0.019 1.656  1.860
HR 6928 170200 44433.4-59044.5 313 5.711+0.009 5.687+0.010  5.329+0.014 -0.024 -0.358
HR 6997 172044 49538.5-56899.4 58 5.413+0.006 5.319+0.009 4.805+0.014  -0.094 -0.514
HR 7028 172883 42993.5-59043.5 726  6.015+0.009  5.942+0.009 5.731+0.012  -0.072 -0.211
HR 7060 173664 42993.4-59051.5 891 6.207+0.009  6.282+0.009 6.434+0.013  0.074 0.153
v2 Lyr 174602 49538.5-57973.4 333  5.240+0.008  5.338+0.011 5.438+0.011 0.098  0.100

HR 7123 175225 42998.4-59051.5 492  5.523+0.009 6.357+0.010 6.878+0.014  0.835  0.520
HD 175406 175406 55357.5-56541.4 292 8.133+0.008  8.395+0.008 8.480+0.011 0.261  0.086
HD 175469 175469 55357.5-56541.4 268 8.995+0.010 9.216+0.009 9.306+0.011 0.221  0.090
v Lyr 176437 46969.4-59180.2 431 3.252+0.009 3.184+0.013 3.148+0.013  -0.068 -0.036

HR 7239 177817 53584.4-59098.3 75 6.012+0.010 5.993+0.010  5.648+0.010 -0.019 -0.345
51 Dra 178201 42994.4-56094.4 65 5.419+0.018 5.395+0.023 5.328+0.030  -0.024 -0.067

HD 180889 180889 46238.5-47374.4 157 6.907+0.008  7.078+0.010  7.239+0.015 0.172  0.161
HD 181751 181751 46238.5-47374.4 108  6.571+0.008  6.500+0.011 6.150+0.015 -0.070 -0.351
HR 7378 182645 53936.5-59098.3 46 5.716x0.010 5.753+0.012 5.424+0.011 0.037 -0.329
HR 7379 182678 54280.4-59098.3 45 6.719+£0.009  6.766+0.008 6.695+0.011 0.047 -0.072
HR 7397 183227 44079.5-60575.4 1566 5.844+0.009 5.861+0.010  5.482+0.013  0.017 -0.379
HR 7404 183387 44079.5-60575.4 964 6.251+0.009 7.570+0.011 8.931+0.015 1.319 1.361

9 Vul 184606 46679.4-59025.5 103 5.008+£0.009 4.909+0.010  4.499+0.012 -0.099 -0.410

HR 7438 184663 44079.5-60575.4 1137  6.373+0.009  6.782+0.010 6.748+0.012  0.409 -0.034

B Sge 185958 46238.5-58690.6 111 4.392+0.008 5.426+0.010 6.328+0.016 1.034 0902

HD 185978 185978 54751.2-58402.4 102 7.892+0.011  8.398+0.014 8.493+0.016  0.506  0.095
HD 186239 186239 58324.5-58402.4 75 7.362+0.011 7.583+0.011 7.675+£0.014  0.221  0.092
HR 7512 186568 45900.5-58696.5 597 6.077+£0.009  6.003+0.009 5.713£0.011  -0.074  0.290
15 Cyg 186675 46679.4-60575.4 88 4.900+0.008  5.837+0.012 6.540+0.013  0.936  0.704

v Aql 186791 46969.4-47061.3 20 2.717+0.010 4.231+0.013 5.945+0.020 1.515 1.713

17 Cyg 187013 57210.5-58696.5 81 5.007+0.010 5.469+0.012 5.471+0.013 0462  0.001

HR 7550 187458 45900.5-58696.5 722 6.659+0.009  7.083+0.010  7.031+0.012  0.424 -0.052
HD 187664 187664 54280.5-59082.3 39  6.890+0.011  7.204+0.012 7.435+0.012  0.314 0.232
HD 188170 188170 43027.4-58682.6 104 7.352+0.013  7.275+0.015 6.900+0.017  -0.077 -0.375
13 Vul 188260 46665.5-59025.5 160 4.585+0.008  4.536+0.009 4.403+0.012 -0.049 -0.133

B Aql 188512 42654.3-57970.5 21  3.722+0.015 4.576+0.015 5.064+0.012  0.854  0.488

22 Cyg 188892 46238.5-60583.3 362 4.953+0.008 4.862+0.010  4.344+0.013 -0.090 -0.518

17 Vul 190993 44817.4-60583.3 225 5.082+0.010 4.908+0.011 4228+0.013 -0.174 -0.680

18 Vul 191747 44432.5-60583.3 178 5.529+0.009  5.603+0.009 5.722+0.012  0.074  0.119

19 Vul 192004 44432.5-60583.3 118 5.492+0.012 6.907+0.012 8.406+0.016 1.415 1.499

33 Cyg 192696 46323.3-59101.4 59 4.289+0.010 4.398+0.012 4.501+0.014  0.109  0.103

36 Cyg 193369 46238.5-60583.3 273 5.593+0.009  5.633+0.009 5.663+0.013  0.040  0.030

HR 7815 194668 44433.5-59087.6 355 6.511+£0.009 6.496+0.011 6.447+0.014  -0.015 -0.049
42 Cyg 195324 46680.4-59077.5 40 5.874+0.010 6.321+0.013 6.531+0.027  0.447 0.210

HD 197618 197618 53578.3-57964.5 127  6.995+0.009  7.154+0.009 7.241+0.011 0.159  0.087
n Cep 198149 41528.4-59082.5 296 3.426+0.010 4.337+0.011 4953+0.015 0911 0.616

HD 198679 198679 53686.2-57966.4 23 6.905+0.011 6.852+0.012 6.694+0.015 -0.053 -0.157
HD 198692 198692 51426.4-59101.4 65 6.660+0.011 7.672+0.010 8.483+0.017 1.012  0.811
HR 7996 198820 52165.4-59101.4 35 6.436+0.010 6.299+0.007 5.669+0.009 -0.138 -0.630
HD 199007 199007 51402.4-59101.4 154 7.958+0.012  7.907+0.009 7.587+0.011  -0.051 -0.320
HD 199311 199311 46269.5-60583.4 841 6.687+0.008 6.765+0.009 6.857+0.011 0.078  0.092
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Table 4: continued

Name of HD or BD  JDmin - JDmax Number of |4 B U B-V U-B
Star number -2400000 observations (mag.) (mag.) (mag.) (mag.) (mag.)
HD 199479 199479 46269.5-52094.5 135 6.845+0.010  6.804+0.009 6.587+0.013  -0.041 -0.217
HIP 103770 200270 52500.4-52549.4 163  7.768+0.010  8.227+0.012 8.171+0.013  0.459 -0.057
HIP 103874 200468 52500.4-52549.4 142 7.862+0.009  8.039+0.012 8.157+0.013  0.177 0.119
HR 8119 202214 45538.5-59101.4 130 5.617+0.007 5.737+0.008 4.982+0.010 0.120 -0.755
HD 202349 202349 44817.4-59082.5 217  7.362+0.010  7.195+0.009 6.222+0.012 -0.167 -0.974
HR 8161 203245 51067.3-60583.4 937 5.762+0.008  5.633+0.009 5.115+0.010  -0.128 -0.519
a Cep 203280 46988.4-52494.5 24 2.457+0.010 2.676+0.013 2.786+0.015 0.219 0.110
70 Cyg 204403 44817.4-59082.5 163  5.315+0.007 5.166+0.009 4.505+0.012  -0.149 -0.661
72 Cyg 205512 44817.4-60531.5 652 4.891+0.009 5.981+0.010 6.991+0.011 1.090 1.011
HD 206259 206259 45155.5-59097.4 32 7.534+0.010 7.596+0.011 7.032+0.014  0.062 -0.563
HD 206694 206694 57581.5-57996.5 157 8.804+0.012 9.319+0.011 9.393+0.014  0.515 0.074
2 Cyg 207330 42244.5-59097.4 83 4.244+0.008 4.116+0.011 3.404+0.015 -0.128 -0.713
12 Cep 207528 58740.4-59043.6 24 5.517+0.012  7.086+0.011 9.021+0.024 1.569 1.935
HR 8342 207636 57581.5-58006.5 168 6.475+0.009 6.466+0.011 6.437+0.012  -0.009 -0.029
HD 207793 207793 45155.5-59087.5 21  6.560+0.010 6.940+0.011 6.424+0.012  0.380 -0.516
HR 8473 210873 57581.5-58006.5 193  6.389+0.011 6.327+0.011 6.161+0.012  -0.063 -0.165
2 Lac 212120 41536.5-59180.2 88 4.550+0.011 4.445+0.013 3.916+0.014 -0.105 -0.529
B Lac 212496 45155.5-59097.4 40 4.448+0.010 5.458+0.012 6.249+0.016 1.009  0.791
4 Lac 212593 41536.5-58740.5 169 4.578+0.011 4.666+0.012 4.314+0.014  0.089 -0.352
6 Lac 213420 41929.5-59180.3 31 4.509+0.011 4.421+0.011 3.691+0.012 -0.088 -0.730
a Lac 213558 46280.5-50341.5 57 3.775+0.010 3.784+0.011 3.802+0.011 0.009 0.018
9 Lac 214454 42996.5-50341.5 44  4.641+0.011 4.887+0.010 5.005+0.012 0246 0.118
15 Lac 216397 42993.5-46696.5 54 4921+0.023 6.536+0.038 8.488+0.034 1.615 1.952
HR 8708 216608 46280.5-46696.5 25 5.771£0.009  6.060+0.013 6.170+0.016  0.290 0.110
HR 8733 217101 44432.5-60583.4 1455 6.175+0.009  6.028+0.009 5.220+0.011  -0.147 -0.808
2 And 217782 42993.5-60583.4 949  5.108+0.009  5.194+0.010  5.304+0.011 0.086 0.110
3 And 218031 46664.6-60189.5 263  4.662+0.008 5.718+0.010 6.618+0.012 1.056  0.899
1 Cas 218376 50854.2-51080.5 40 4.828+0.018 4.792+0.013 3.947+0.027 -0.035 -0.845
4 And 218452 43140.2-60583.4 892 5.301+0.011 6.724+0.011 8.443+0.015 1.423 1.720
5 And 218470 42266.5-60197.6 1203  5.686+0.009  6.116+0.010 6.100+0.012  0.430 -0.016
HR 8806 218525 43712.5-59077.6 25 6.524+0.011 6.692+0.010 6.892+0.010  0.168  0.200
7 And 219080 45561.5-60197.6 564 4.535+0.008 4.828+0.010  4.861+0.011 0.293  0.033
HD 219326 219326 53241.5-58006.5 318 8.361+0.010 8.462+0.011 8.575+0.012  0.101 0.114
HR 8870 219891 43712.5-59077.6 54 6.528+0.008 6.689+0.009 6.827+0.011 0.161  0.138
10 And 219981 46664.5-51066.6 25 5.788+0.012  7.321+0.015 9.185+0.019 1.533 1.865
HD 220073 220073 52136.6-58006.5 454 7.699+0.009 8.119+0.010 8.122+0.012  0.420 0.003
¢t And 222173 42266.5-51372.4 25 4.304+0.016 4.205+0.013 3.886+0.021  -0.099 -0.319
x And 222439 42266.5-60583.4 406 4.155+0.009 4.068+0.010 3.849+0.011 -0.086 -0.220
HR 9011 223229 45297.2-60583.4 395 6.085+0.009  5.957+0.008 5.289+0.010 -0.127 -0.668
HR 9057 224342 46287.6-58716.4 56 6.019+0.010 6.739+0.015 7.067+0.021 0.720  0.328
o Cas 224572 50854.2-51080.5 38 4.880+0.013 4.805+0.010  4.006+0.016  -0.075 -0.799
HD 224890 224890 54754.3-55120.6 34 6.510+0.015 6.694+0.017 6.791+0.019  0.184  0.098
BD+52 2289 - 42994.4-54294 .4 32 9.761+0.017 10.201+0.051 10.199+0.059 0.440 -0.002
BD+52 2288 - 42994.4-54294 .4 45 9.029+0.018  9.490 +.021 9.441+0.033  0.461 -0.048
Table 5: Less frequently observed standard stars
Name of HD or BD  JDmin - JDmax Number of \%4 B U B-V U-B
Star number -2400000 observations (mag.) (mag.) (mag.) (mag.) (mag.)
HR 1 3 46287.6-46290.6 9 6.718+0.008 6.783+0.011 6.858+0.014  0.065 0.075
HD 567 567 57634.5-58887.3 17 7.221+0.017 7.191+0.024 6.801+£0.023  -0.029 -0.390
x Peg 1013 42266.5-42278.5 3 4.866x0.011 6.504+0.019 8.350+0.017 1.638 1.846
HD 1687 1687 56092.5-56092.5 2 8.138+0.003 9.052+0.007 9.648+0.012 0914  0.596
BD+81 13/A 3440 46689.6-46696.6 2 6.367+0.009 6.921+0.015 6.905+0.022  0.553 -0.016
v And 4727 43136.2-59179.4 18  4.541+0.011 4.399+0.009 3.812+0.010  -0.142 -0.587
20 Cet 5112 43140.2-43152.3 2 4.738+0.059 6.351+0.023 8.287+0.030 1.613 1.936
v2 Cas 5395 52488.5-54021.5 16  4.639+0.007 5.597+0.008 6.266+0.012  0.958  0.669
BD+81 27/G 5817 46689.6-46689.6 1 8.429+0.000 9.019+0.000 9.015+0.000  0.590 -0.004
BD+81 29/F 5905 46689.6-46689.6 1 8.519+0.000 9.163+0.000 9.336+0.000 0.644 0.173
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Table 5: continued

Name of HD or BD  JDmin - JDmax Number of \%4 B U B-V U-B
Star number -2400000 observations (mag.) (mag.) (mag.) (mag.) (mag.)
BD+81 30/E 6006 46689.6-46690.6 2 7.968%0.026 7.979+0.028 7.904+£0.035  0.012 -0.075
80 Psc 6763 43140.2-43152.3 2 5.51490.027 5.85290.001 5.86090.024 0.338  0.008
BD+80 35/C 7471 46689.6-46689.6 1 7.20970.000 7.56870.000 7.64570.000 0.359  0.077
BD+80 36/B 7505 46689.6-46689.6 1 6.688+0.000 6.715+0.000 6.729+0.000  0.027 0.014
¢ And 8207 43136.3-43152.3 4  4.880+0.013 5.985+0.019 7.004+0.019 1.104  1.019

Y Cas 8491 45216.5-45216.5 1 4.737+0.000 5.793+0.000 6.734+0.000 1.056  0.941

v And 9826 46324.6-46324.6 3 4.094£0.002  4.623+0.002  4.691+0.003  0.529  0.068

7 And 10205 43136.3-43152.3 4  4.970+0.028 4.878+0.013 4.480+0.019 -0.091 -0.398

107 Psc 10476 46324.6-46324.6 3 5.267+0.007 6.097+0.009 6.604+0.019  0.830  0.507
HR 502 10857 51447.5-51928.3 9 6.256+0.008 6.323+0.006 6.406+£0.008  0.067  0.083
HR 540 11408 51435.6-51928.3 12 6.449+0.005 6.638+0.006 6.751+£0.012  0.188  0.113
HR 572 12005 56898.4-56898.4 2 6.056+0.004 7.195+0.003 8.033+0.006 1.140  0.837
50 Cas 12216 47371.6-47373.6 2 3.991+0.021 4.010+0.028 4.053+0.038  0.019 0.042
HD 13841 13841 46679.6-46680.6 7 7.365+0.014 7.606+0.009 6.977+0.009  0.242  -0.629
HD 14369 14369 54018.5-56095.4 19  8.097+0.012 8.499+0.015 8.440+0.016  0.402 -0.059
m Cet 17081 43136.4-43152.3 4  4.232+0.023 4.149+0.023 3.724+0.025 -0.083 -0.425

HR 975 20193 54026.5-54026.6 4  6.311+0.005 6.668+0.008 6.642+0.007  0.357 -0.025

a Per 20902 47049.5-52494.5 10 1.798+0.011 2.271+0.010 2.655+0.025 0473 0.383

HR 1019 20995 54026.5-54026.6 4 5.795+0.009 5.780+0.006 5.623+0.004 -0.015 -0.157
HR 1041 21402 54026.5-54026.6 4 5.733+0.002 5.769+0.003 5.836+0.007  0.036  0.067
27 Tau 23850 52946.5-56508.6 11 3.642+0.008 3.548+0.014 3.196+0.011  -0.093 -0.352
HR 1188 23985 43140.3-43152.3 13 5.263+0.031 5.480+0.033 5.562+0.032  0.217  0.083
HR 1226 24843 52488.5-52488.5 2 6.302+0.005 7.368+0.001 8.273+0.008 1.066  0.905
HR 1234 25152 52502.5-55454.5 2 6.421+0.003 6.411+0.036 6.328+0.023  -0.010 -0.084
HD 25539 25539 55454.5-55454.5 8 6.872+0.017 6.916+0.030 6.323+0.034  0.044 -0.593
73 Ori 30652 56540.6-57996.6 15  3.186+0.009 3.631+0.014 3.625+0.014  0.446 -0.007

74 Ori 30836 56540.6-57634.6 10 3.682+0.011 3.513+0.018 2.704+0.010 -0.169 -0.809
HD 31617 31617 56002.3-56002.3 3 7.423+0.011 7.432+0.008 6.692+0.007  0.008 -0.740
HR 1617 32249 51445.6-51520.5 46  4.795+0.008 4.617+£0.014 3.876+0.016 -0.178 -0.741
HR 1621 32309 43136.4-43152.3 4  4.902+0.018 4.858+0.032  4.726+0.026  -0.045 -0.131
HD 32328 32328 56002.3-56002.3 3 7.664+0.008 7.616+0.006 7.278+£0.007  -0.049 -0.338
HR 1671 33224 51445.6-51520.5 25  5.820+0.015 5.735+0.015 5.344+0.017 -0.086 -0.391
HR 1697 33833 51445.6-51520.5 12 5.928+0.009 6.869+0.011 7.603£0.012  0.941 0.734
a Aur 34029 47049.5-47058.5 4 0.046+0.017 0.864+0.036 1.312+0.039  0.818  0.448

16 Cam 34787 45309.6-45697.4 7 5.260+0.007 5.239+0.015 5.195+0.013  -0.021 -0.044

B Tau 35497 47052.6-47058.5 2 1.660+0.015 1.516+0.003 1.027+£0.004  -0.144 -0.489

HR 1833 36166 51943.3-53761.3 19  5.770+0.008 5.575+0.011 4.729+0.009 -0.195 -0.846
38 Ori 36777 51943.3-51943.4 3 5.340+0.011 5.397+0.010 5.448+0.013  0.057  0.051

¢l Ori 36822 53388.4-53388.4 3 4.388+0.007 4.246+0.002 3.301+0.007  -0.142  -0.945

o Ori 37468 58499.4-58499 .4 1 3.821+0.000 3.582+0.000 2.566+0.000 -0.239 -1.016

& Aur 39283 45308.5-55124.5 18 4.983+0.009 5.026+0.014 5.119+£0.016  0.043  0.093

o Aur 40035 45308.5-55124.5 12 3.758+0.009  4.755+0.016 5.587+0.014  0.997 0.832

HR 2224 43157 45359.3-45360.3 5 5.834+0.006 5.668+0.009  4.991+0.007 -0.166 -0.677
HR 2234 43319 45359.3-45360.3 5 6.009+0.013 6.092+0.009 6.172+0.008  0.084  0.080
HD 46149 46149 53388.5-53388.5 3 7.582+0.001 7.753+0.002 6.995+0.007  0.171  -0.758
Y2 Aur 47174 43140.5-43152.5 3 4.802+0.035 6.058+0.012 7.338+0.039 1.256 1.280

v3 CMa 47442 43140.5-43152.5 3 4.422+0.030 5.547+0.023 6.553+0.044 1.125 1.006
HD 50109 50109 54862.4-54862.4 4 9.085+0.019 9.079+0.011 8.983+0.017 -0.006 -0.096
HD 50169 50169 54862.4-54862.4 3 9.021+0.008 9.023+0.007 9.018+0.007  0.002 -0.005
HD 50346 50346 54862.4-54862.4 3 8.756+0.009 8.680+0.007 8.107+0.007  -0.076  -0.573
HD 50669 50669 54862.4-54862.4 3 8.929+0.011 9.625+0.013 9.915+0.008  0.696  0.290
HR 2572 50747 54862.4-54862.4 3 5.463+0.004 5.616+0.011 5.788+0.006  0.153  0.172
HD 53035 53035 52940.6-52940.6 13 7.897+0.016 7.827+0.005 7.311+£0.037  -0.070 -0.515
A Gem 56537 45065.3-50865.4 9 3.583+0.008 3.689+0.006 3.818+0.015 0.106  0.129

16 Pup 67797 43140.6-43152.5 3 4.395+0.005 4.249+0.007 3.653+0.017 -0.146 -0.596

9 Hya 74137 43140.6-43152.5 4  4.882+0.011 5.929+0.018 6.845+0.028 1.047 00916

t UMa 76644 43143.5-43143.5 1 3.141%0.000 3.351+0.000 3411+0.000 0.210  0.060

x UMa 77327 43140.6-43152.5 3 3.580+0.006 3.562+0.008 3.596+0.006 -0.017 0.034

7 Hya 79469 43143.5-43143.5 1 3.928+0.000 3.851+0.000 3.728+0.000 -0.077 -0.123

HR 3751 81817 56747.3-56747.4 4 4.278+0.008 5.756+0.007 7.470+0.005 1.479 1.714
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Table 5: continued

Name of HD or BD  JDmin - JDmax Number of \%4 B U B-V U-B
Star number -2400000 observations (mag.) (mag.) (mag.) (mag.) (mag.)

21 LMi 87696 43143.6-43143.6 1 4.481+£0.000 4.687+0.000  4.738+0.000  0.206  0.051

a Leo 87901 46095.5-58941.5 15 1.341+0.010 1.180+0.022 0.851+0.012  -0.161 -0.329

56 UMa 98839 41824.4-41828.3 2 4.997+0.018 5.970+0.033 6.746+0.014  0.972  0.776

v Crt 99211 41824.4-41828.3 2 3.980+0.038 4.190+0.038 4.197+0.042  0.210  0.007

HD 100972 100972 41824.4-41828.4 2 6.842+0.002 6.838+0.015 6.843+0.002 -0.004 0.004
! Crt 102070 41824.4-41828.3 2 4.659+0.018 5.625+0.004 6.311+£0.030  0.967 0.685

v UMa 103287 43143.6-43143.6 1 2.452+0.000 2.465+0.000 2.475+0.000  0.013  0.010

HR 4561 103498 55357.4-55364.4 8 7.031+0.009 7.053+0.010 7.062+0.009  0.021  0.009
HR 4572 103799 55357.4-55364.4 6 6.613+0.009 7.096+0.011 7.082+0.011 0.483 -0.014
HD 103984 103984 55357.4-55364 .4 6  6.931+0.009 7.334+0.008 7.319+£0.009  0.403 -0.015
0 UMa 166205 46969.4-47006.3 6  3.312+0.006 3.388+0.013 3.445+0.017  0.076  0.057

n Vir 107259 41691.6-41696.6 4 3.861+0.019 3.867+0.027 3.910+0.040  0.006  0.043

6 Dra 109551 51376.4-51379.4 5 4.945+0.010 6.278+0.008 7.488+0.014 1.333 1.209

x Vir 110014 41691.6-41696.6 4  4.607+0.024 5.794+0.023 7.166+0.042 1.188 1.371

B Com 114710 42646.3-42654.3 4  4261+0.022  4.843+0.033 4.899+0.024  0.582  0.056

n UMa 120315 46969.4-47006.3 9 1.856x0.010 1.668+0.008 0.995+0.013  -0.189 -0.672

86 UMa 121409 41828.4-59025.4 18  5.740+0.009 5.701+0.012 5.629+0.011  -0.039 -0.072

€ Boo 129989 52494.4-52494 .4 1 2.362+0.000 3.333+0.000  4.064+0.000 0971  0.731

x Boo 135502 52412.4-52500.4 12 5.294+0.007 5.347+0.007 5.418+0.006  0.053 0.071

v CrB 140436 52412.4-52500.4 12 3.826+0.006 3.827+0.007 3.807+0.005  0.001 -0.020

¥ Lib 142198 41824.4-58946.6 12 4.165+0.011 5.180+0.013 5.978+0.019 1.014  0.799

v Sco AB 145502 41824.4-42929.4 7 3.998+0.008 4.047+0.009 3.389+0.012  0.049 -0.658
¢ Oph 147700 42241.4-42244 4 2 4.439+0.016 5.450+0.001 6.283+0.008 1.010 0.834

59 Her 154029 52068.3-55120.3 9 5.278+0.010 5.298+0.007 5.342+0.016  0.020  0.044

a Oph 159561 46969.4-47006.4 11 2.079+0.008 2.227+0.017 2.349+0.017 0.149  0.122

v Dra 164058 46969.4-47061.3 22 2.227+0.008 3.762+0.010 5.620+0.016 1.535 1.858

HR 6757 165462 43712.4-43722.4 8 6.394+0.012 7.435+0.018 8.255+0.017 1.042  0.819
HD 166101 166101 57652.3-57652.4 4 8.793+0.027 9.574+0.016 9.798+0.042  0.780  0.224
6 UMi 166205 56858.5-56858.5 3 4.363+0.004  4.377+0.003 4.417+0.004  0.014  0.039

HD 166361 166361 57652.3-57652.4 3 7.454+0.018 9.292+0.015 11.089+0.153 1.839  1.796
HD 168443 168443 57652.3-57652.4 4 6.893+0.005 7.634+0.010 7.924+0.016  0.741  0.289
HR 6943 170650 55121.2-55121.3 13 5.877+0.009 5.788+0.015 5.270+0.016  -0.089 -0.518
HR 6966 171245 55121.2-55121.2 2 5.884+0.004 7.365+0.011 9.118+0.022 1.481 1.753
BD+24 3545 174369 55124.3-55124.3 2 6.750+0.014 6.833+0.001 6.898+0.005  0.083  0.066
&2 Sgr 175775 42241.4-53937.5 7 3.537+0.017 4.698+0.024 5.819+0.018 1.162  1.121

A Lyr 176679 56491.4-56639.2 2 4.961x0.001 6.414+0.018 8.082+0.012 1.454  1.668

{ Aql 177724 46969.4-47061.3 18 2.990+0.009 2.996+0.011 3.002+0.014  0.006  0.006

B1 Cyg 183912 46689.3-46689.4 2 3.067+0.003 4.189+0.001 4.864+0.007 1.123  0.674

k Aql 184915 42647.3-42654.4 3 4.938+0.017 4.925+0.015 4.069+0.016  -0.013  -0.855

HD 187411 187411 57615.4-59082.4 13 8.105+0.009 8.471+0.010 8.601+0.013  0.366  0.130
23 Vul 192806 43027.4-50341.5 13 4.511+£0.009 5.780+0.007 6.920+0.015 1.268 1.140

39 Cyg 194317 46688.4-46695.4 4 4.431+0.024 5.781+0.017 7.297+0.019 1.351 1.516

13 Cap 196348 43712.4-43722.5 2 6.791+0.011 8.017+0.008 9.292+0.012 1.227 1.274

71 Aql 196574 41528.4-59179.3 13 4.337+0.009 5.270+0.008 5.954+0.012 0.933 0.684

HR 7922 197226 47017.4-47022.4 7 6.521+0.006 6.396+0.008 5.907+0.017 -0.125 -0.489

€ Aqr 198001 41528.4-41528.4 2 3.775+0.022 3.779+0.011 3.790+0.037  0.003  0.012

HD 198424 198424 47017.4-47022.4 12 7.510+0.008 7.410+0.012 6.980+0.020 -0.100 -0.431
56 Cyg 198639 51715.4-51715.4 3 5.068+0.005 5.266+0.010 5.370+0.012  0.198 0.104

HD 198793 198793 53686.2-53686.2 3 7.141+0.003 7.058+0.005 6.592+0.007 -0.082 -0.466
HR 8029 199661 53686.2-53686.2 3 6.237+0.004 6.075+0.006 5.350+0.003 -0.162 -0.725
HD 199781 199781 51376.3-51380.5 5 8.335%0.026 8.789+0.041 8.778+0.075  0.453 -0.010
HD 199890 199890 51715.4-51715.4 3 7.518+0.001 7.422+0.007 7.044+0.012  -0.097 -0.378
HD 199986 199986 51377.4-58351.5 8 7.052+0.038 7.488+0.410 7.755+0.721 0.436  0.267
HR 8049 200205 46691.4-46691.4 2 5.537+0.004 6.964+0.004 8.562+0.007 1.427 1.599

¥ Cap 200761 42607.5-43722.5 2 4.062+0.005 4.057+0.010  4.058+0.016  -0.005 0.001

HR 8107 201836 43027.4-43027.4 6 6.452+0.007 6.445+0.014 6.064+0.015 -0.007 -0.381
HR 8136 202654 43027.4-43027.4 5 6.445+0.014 6.308+0.009 5.626+0.011  -0.137 -0.682

1 Peg 203504 42237.4-42237.4 1 4.104+0.000 5.195+0.000 6.250+0.000 1.091 1.055

HR 8185 203644 51371.4-51371.5 4 5.688+0.005 6.787+0.015 7.825+0.019 1.099 1.038

k Cap 206453 42607.6-43713.6 3 4.716+0.024 5.581+0.022 6.113+0.021 0.864 0.532
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Table 5: continued

Name of HD or BD  JDmin - JDmax Number of \%4 B U B-V U-B
Star number -2400000 observations (mag.) (mag.) (mag.) (mag.) (mag.)
HD 209932 209932 55452.3-55460.5 52 6.522+0.012  6.490+0.015 6.350+£0.016  -0.032 -0.140
BD+48 3613 210119 52940.2-52940.4 14 8.328+0.009 8.426+0.009 8.505+0.016  0.098  0.078
HD 210387 210387 55452.3-55460.5 33 6.799+0.013 6.761+0.014  6.486+0.016  -0.038 -0.275
35 Peg 212943 42266.4-42278.4 3 4765+0.010  5.811+£0.022  6.682+0.023 1.046  0.871
HR 8606 214240 43143.2-43326.6 7 6.276+£0.016  6.227+0.012  5.664+0.010 -0.049 -0.563
11 Lac 214868 42607.6-42609.6 2 4.492+0.006  5.828+0.001 7.287+0.003 1.335 1.459
HR 8654 215359 58700.6-58700.6 3 5.921+0.008 7.442+0.004  9.139+0.015 1.521 1.698
a Peg 218045 46988.4-47061.3 23 2.482+0.009  2.441+0.011 2.389+0.014  -0.041 -0.052
HD 219430 219430 42278.5-42278.5 1 4.165+0.000 5.262+0.000  6.287+0.000 1.097 1.025
w1l Agr 219449 42237.6-42237.6 1 4.268+0.000 5.403+0.000  6.415+0.000 1.135 1.012
HR 8857 219668 43712.5-43722.5 5 6.505+£0.006  7.547+0.016 8.539+0.014 1.042  0.991
72 Peg 221673 42237.6-42237.6 1 5.010+£0.000  6.390+0.000 8.007+0.000 1.380 1.617
w2 Agr 222661 42607.6-43713.6 3 4454+0.022  4.385+0.024  4.248+0.032 -0.069 -0.137
BD+37 3873 228897 55121.3-55124.4 13 8.923+0.008 9.060+0.009 8.590+0.013  0.137 -0.470
HD 277197 277197 55851.5-55858.7 11 9.490+0.013 9.557+0.015 9.018+0.027  0.067 -0.539
HD 339764 339764 55454.4-55454.4 I 9.599+0.000  9.688+0.000  9.779+0.000  0.089  0.091
ADS 10347B - 54275.4-54294 .4 15  9.630+0.062 10.267+0.097 10.407+0.113  0.637  0.140
ADS 10347AB - 54281.5-57948.4 15 6.334+0.033 6.581+0.068 6.702+0.131 0.247  0.121
BD+43 1166C - 55596.4-56002.3 5 10.720+0.338 11.402+0.423 11.712+0.393 0.682  0.310
BD+67 248 - 55851.4-55858.6 11 9.024+0.012  9.752+0.013 10.463+0.012 0.728  0.711
BD+68 220 - 55858.6-55858.6 2 9.146£0.000  9.752+0.010  9.802+0.002  0.606  0.050
BD+43 1168 - 56002.3-56002.3 3 9.390+0.011 10.311x0.011 10.579+0.014 0.920  0.269
Table 6: Be stars observed at Hvar Observatory

Name of HD/BD N Comparison Check

Star  number of observations HD/BD HD/BD

10 Cas 144 18 2626 2011

V742 Cas 698 6 2626 2011

k Cas 2905 17 2626 2011

o Cas 4180 895 4142 6114

y Cas 5394 137 2626 2011

V442 And 6226 964 4142 6114

¢ And 6811 504 4142 6114

HD 9709 9709 7 4142 6114

¢ Per 10516 678 12303 11291

V777 Cas 11606 11 12303 11291

V780 Cas 12302 9 12303 11291

HR 654 13854 13 12303 11291

V554 Per 14818 146 12303 11291

HR 894 18552 118 18411 19736

RX Cas +67244 361 18962 19556, 19193

HR 1051 21551 30 21278 24546

W Per 22192 29 21278 24546

HR 1113 22780 41 21856 23193

13 Tau 23016 114 23324 23288

o Per 23180 33 21856 23193

17 Tau 23302 367 23324 23288

V971 Tau 23480 265 23324 23288

HR 1160 23551 17 21278 24546

n Tau 23630 205 23324 23288

BU Tau 23862 469 23324 23288

MX Per 25940 32 21278 24546

HR 1500 29866 30 33641 29722

BV Cam 32343 9 39283 34787

A Eri 33328 24 32249 33224

V960 Tau 36576 392 36589 37711, 36819

zeta Tau 37202 1100 36589 37711, 36819

w Ori 37490 90 36591 36351
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Table 6: continued

Name of HD/BD N Comparison Check
Star  number of observations HD/BD HD/BD

V731 Tau 37967 107 36589 37711
V696 Mon 41335 318 42690 45546, 43023
HR 2231 43285 36 44783 43526
AX Mon 45910 40 44783 43526
HR 2370 45995 7 44783 43526
HD 46150 46150 3 44783 43526
HR 2418 47054 63 42690 45546, 43023
Y9 Aur 50658 29 49949 52860, 50860

AU Mon 50846 15 50109 50169
OT Gem 58050 437 58187 59059

B CMi 58715 168 58187 59059

BR CMi 61273 103 58187 61341
UX Mon 65607 152 65199 65005
HR 3135 65875 24 63975 71155
HD 81357 81357 93 82861 77692, 81772
xkDra 109387 429 107193 115612, 104316

9 CrB 138749 158 138341 136849
V839 Her 142926 685 144206  145389,141930
0 Sco 143275 98 144470 142096

x Oph 148184 11 144470 142096
{Oph 149757 168 148367 147550
V23150ph 161261 5 161677, 169420 —
V744 Her 162732 1449 158414, 162132 162579
V2048 Oph 164284 164 164432 163641
V974 Her 164447 183 166182 166230
oHer 166014 182 166182 166230

NW Ser 168797 327 170200 169578
CX Dra 174237 1167 173664 172883
BLyr 174638 544 176437 174602, 172044
V4024 Sgr 178175 1 177817 182678, 182645
vSgr 181616 46 177817 182678, 182645

HD 183261 183261 1 184606 188260
7 Vul 183537 131 188260 184606
V923 Aql 183656 1620 183227 184663
B2 Cyg 183914 14 188260 184606
V1294 Aql 184279 1709 183227 184663
HR 7482 185859 38 188260 184606
V1507 Cyg 187399 193 188170 186357
V395 vul 187811 39 188260 184606
V1746 Cyg 189687 209 188892 193369
V1624 Cyg 191610 510 188892 193369
20 Vul 192044 130 190993 191747

QR Vul 192685 191 190993 191747
PCyg 193237 122 188892 193369
25Vul 193911 124 190993 191747
V2119 Cyg 194335 140 188892 193369
V2120 Cyg 194883 74 194668 197618
HR 7843 195554 161 194668 197618
V1661 Cyg 198478 288 203245 199311
HR 7983 198625 78 203245 199311
V2140 Cyg 199478 90 203245 199311
V832 Cyg 200120 849 203245 199311
V1931 Cyg 200310 889 203245 199311
HR 8103 201733 71 203245 199311
vCyg 202904 6 202349 204403

HR 8153 203025 8 208218 202214
V382 Cep 203467 82 208218 202214
HR 8259 205551 21 207330 206259, 207793
eCap 205637 2 144206, 213420 -

HD 206773 206673 57 208218 202214
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Table 6: continued

Name of HD/BD N Comparison Check

Star  number of observations HD/BD HD/BD

EM Cep 208392 10 208218 202214

HR 8375 208682 8 208218 202214

8Lac A 214168 151 217101 214680

HR 8682 216057 205 218470 219080, 212593

V360 Lac 216200 424 217101 214680

EW Lac 217050 1281 218470 219080, 212593

V378 And 217543 267 217101 214680

oAnd 217675 1636 217101 214680

KX And 218393 1210 218470 219080, 212593

KY And 218674 970 218470 219080, 212593

LQ And 224559 590 223229 222439, 224342

V639 Cas 225094 22 2626 2011

MWC 327 227611 6 +35 3955 190919

V1322 Cyg 229221 2 229234 229238

Table 7: Be stars observed at Hvar Observatory
Name of JD range V range Brange U range B — V range U — Brange
Star -2400000 (mag.) (mag.) (mag.) (mag.) (mag.)

10 Cas 45307.3-56515.6  5.558-5.614  5.534-5.582 5.332-5.385  -0.044 —-0.005 -0.223 - -0.196
V742 Cas 55791.5-55798.5 7.078-7.089  7.263-7.274 6.854-6.870  +0.178 — +0.187  -0.412 —-0.397
k Cas 45307.3-56515.6 4.115-4.211 4.255-4.363 3.486-3.595 +0.129 - +0.163  -0.786 —-0.756
oCas 45212.6-60583.5 4.301-4.652  4.291-4.685 3.691-4.012  -0.073-+0.033  -0.673--0.512
v Cas 45307.3-60362.3 2.084-2.245 1.954-2.153 0.944-1.123  -0.141 - +0.005  -1.078 —-0.984
V442 And  45212.6-60583.5 6.572-6.897  6.592-6.867 5.966-6.327  -0.064 — +0.033  -0.646 —-0.540
¢ And  45212.6-60583.5 4.217-4.308  4.163-4.271 3.801-3.932  -0.085 --0.030 -0.403 —-0.324
HD 9709 53026.3-54356.5 7.085-7.179  7.022-7.155 6.586-6.740  -0.066 —-0.007 -0.436 —-0.414
¢ Per 44935.4-60583.5 3.927-4.159  3.795-4.049 2.885-3.171 -0.188 —-0.036 -0.952 - -0.815
V777 Cas  53026.3-53388.3  6.902-7.040  6.976-7.096 6.152-6.286  +0.044 — +0.076 ~ -0.837 —-0.802
V780 Cas 53028.3-53388.3 8.042-8.102  8.322-8.374 7.842-7.936  +0.268 — +0.284  -0.482 —-0.435
HR 654 44985.3-46696.6  6.446-7.383  6.734-7.621 6.094-6.995 +0.234-+40.292  -0.644 --0.615
V554 Per 44935.4-50087.2 6.187-6.318  6.486-6.638 5.878-6.054  +0.282 - +0.327  -0.618 —-0.545
HR 894  44860.6-54026.6 6.105-6.181 6.036-6.108 5.642-5.710  -0.096 —-0.024 -0.424 — -0.372
RX Cas 42603.5-60330.3 8.646-9.500 9.777-11.037  9.959-12.169 +0.919 — +1.554 -0.114 — +1.132
HR 1051 45307.4-46689.6 5.828-5.871 5.787-5.814 5.469-5.495  -0.059 —-0.027 -0.327 - -0.302
 Per 45307.4-46689.6 4.194-4.247  4.106-4.136 3.508-3.547  -0.135--0.073 -0.604 —-0.573
HR 1113 44988.3-50087.5 5.551-5.596  5.491-5.524 5.060-5.104  -0.088 —-0.048 -0.440 —-0.409
13 Tau 44863.6-54015.5 5.668-5.710  5.660-5.703 5.371-5.452  -0.029 - +0.009  -0.302 --0.220
oPer 44988.3-45359.3 3.804-3.853  3.853-3.910 3.128-3.177  +0.024 - +0.077  -0.748 —-0.702
17 Tau 44863.6-60373.3 3.638-3.764  3.539-3.672 3.149-3.298  -0.152--0.073 -0.455 —-0.345
V971 Tau 44863.6-60373.3 4.170-4.235  4.119-4.187 3.679-3.816  -0.090 —-0.027 -0.471 - -0.344
HR 1160 45307.4-46689.6 6.171-6.200  6.236-6.257 5.915-5.938  +0.043 - +0.070  -0.327 —-0.303
nTau 44863.6-60373.3 2.875-2.962  2.735-2.854 2.385-2.505  -0.158 —-0.062 -0.393 —-0.303
BU Tau 43140.3-60583.5 4.999-5.405  4.919-5.377 4.452-5.241 -0.113 --0.001  -0.476 — +0.019
MX Per 43136.4-46689.6 3.984-4.075  3.965-4.046 3.408-3.472  -0.106 — +0.014  -0.574 —-0.547
HR 1500 44921.5-52202.6 6.058-6.096  6.126-6.158 5.813-5.871  +0.046 — +0.086  -0.334 —-0.275
BV Cam 45308.6-45697.4 5.139-5.184  5.077-5.099 4.336-4.354  -0.089 —-0.060 -0.748 — -0.737
AEri  51445.6-51520.5 4.246-4.298  4.060-4.117 3.172-3.215 -0.217 - -0.137 -0.925 - -0.871
V960 Tau 44902.6-60583.6 5.368-5.718  5.447-5.737 4.690-4.980 -0.016 —+0.136  -0.832--0.719
{Tau 43135.4-60583.6 2.769-3.200  2.570-2.993 1.757-2.369  -0.278 —-0.087 -0.866 —-0.614
wOri  51512.5-59598.4 4.441-4.597  4.371-4.485 3.601-3.726  -0.134--0.070 -0.776 — -0.732
V731 Tau 43136.4-46694.6 6.197-6.270  6.141-6.199 5.489-5.583  -0.114 --0.034 -0.673 —-0.603
V696 Mon  44902.6-59974.4 5.179-5.302  5.117-5.232 4.280-4.396  -0.092 --0.015 -0.876 —-0.780
HR 2231 44993.4-50865.3 6.058-6.133  5.943-6.037 5411-5.529  -0.140 - -0.099 -0.532 --0.479
AX Mon 44993.4-53388.5 6.684-6.810  6.988-7.134 6.344-6.771  +0.282-+40.380 -0.661 —-0.351
HR 2370 49730.449751.4 6.058-6.101 6.000-6.031 5.152-5.195  -0.078 —-0.058 -0.848 —-0.820
HD 46150 53388.5-53388.5 6.716-6.728  6.875-6.868 6.048-6.051 +0.132-+0.145 -0.817 —-0.807
HR 2418 44902.6-52561.6  5.501-5.554  5.411-5.466 5.022-5.099  -0.107 —-0.055 -0.411 —-0.340
Y9 Aur  45014.4-52940.5 5.833-5.893  5.769-5.828 5.325-5.391 -0.096 — -0.054 -0.454 —-0.419
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Table 7: continued

Name of JD range V range Brange U range B — V range U — Brange
Star -2400000 (mag.) (mag.) (mag.) (mag.) (mag.)

AU Mon  54862.4-55104.6  8.221-9.134  8.275-9.323 7.648-8.804  -0.003-+0.193  -0.637 —-0.481
OT Gem 44977.4-58924.4 6.061-6.509  5.944-6.346 5.097-5.541 -0.230--0.071 -0.922 - -0.760

B CMi 44977.4-58564.4 2.862-2917  2.755-2.844 2.473-2.593 -0.128 — -0.062 -0.308 —-0.242
BR CMi 55574.5-56015.3 7.089-7.184  7.355-7.433 7.392-7.483  +0.233 - +0.299 +0.005 — +0.076
UX Mon 52655.4-55594.4 8.230-9.343  8.569-10.112  8.341-10.789  +0.286 —+0.957  -0.233 —-0.717
HR 3135 45056.3-53035.5  6.444-6.505 6.348-6.428 5.602-5.653 -0.133 —-0.052 -0.791 — -0.721
HD 81357 55879.6-57116.4  8.295-8.391 8.459-8.553 8.264-8.334  +0.118 - +0.186  -0.251 --0.172
kDra 42237.4-60454.4 3.766-3.978  3.624-3.882 3.071-3.353  -0.218-+0.049  -0.637 —-0.483

9 CrB  44801.4-58637.5 4.128-4.230  3.986-4.138 3.443-3.628 -0.164 —-0.073 -0.570 — -0.449
V839 Her 41528.5-60520.4 5.705-5.803 5.572-5.710 5.158-5.352  -0.162 —-0.058 -0.447 - -0.291
6 Sco 52068.4-60518.4 1.579-2.231 1.630-2.330 0.705-1.208 -0.137 - -0.147 -1.130 --0.861

x Oph  54275.4-54290.4 4.328-4.427  4.637-4.737 3.896-3.970  +0.290 — +0.350  -0.781 —-0.732

£ Oph 52494.3-58682.4 2.510-2.584  2.522-2.615 1.677-1.782  -0.027-+0.071  -0.886 —-0.803
V2315 Oph 41896.4-42625.4  8.240-8.461 8.275-8.552 8.106-8.398  +0.035-+0.100  -0.198 —-0.105
V744 Her 41535.4-60580.3  6.662-6.945 6.504-6.858 6.002-6.519  -0.191 —-0.058 -0.557 —-0.265
V2048 Oph 45105.5-60545.4 4.636-4.898  4.616-4.787 3.737-4.056  -0.132 --0.001 -0.889 —-0.703
V974 Her 45065.6-58395.3 6.405-6.586  6.339-6.508 5.928-6.134  -0.101 —-0.003 -0.419 - -0.321
oHer 45065.6-58395.3 3.784-3.892  3.720-3.921 3.669-3.851  -0.123-+0.045  -0.142 - +0.033

NW Ser 44433.4-48133.3 6.019-6.191 6.042-6.173 5.381-5.595  -0.041 -+0.035  -0.666 —-0.578
CX Dra 42977.3-56094.4 5.666-6.014  5.658-5.959 4.890-5.252  -0.143-+40.025  -0.818 —-0.642

B Lyr 49272.3-57949.5 3.324-4269  3.303-4.323 2.745-3.803 -0.052 —-0.090 -0.628 —-0.449
V4024 Sgr 53584.4-53584.4  5.309-5.309  5.308-5.308 4.544-4.544  -0.001 —-0.001 -0.764 — -0.764
vSgr 53570.4-54297.4 4.510-4.620  4.627-4.769 4.055-4.190  +0.093 — +0.149  -0.597 —-0.555

HD 183261 54275.5-54275.5 6.865-6.865 6.854-6.854 6.167-6.167 -0.011 —--0.011 -0.687 —-0.687
7 Vul 54273.4-59025.5 6.317-6.388  6.219-6.306 5.677-5.771 -0.109 —-0.073 -0.561 —-0.503

V923 Aql 44073.4-60580.3 5.983-6.166  5.966-6.201 5.618-6.018  -0.044 — +0.095  -0.391 --0.102
B2 Cyg 46679.4-466954 5.140-5.159  5.051-5.069 4.730-4.744  -0.098 —-0.078 -0.327 --0.315
V1294 Aql 44073.4-60580.4  6.788-7.565 6.807-7.634 5.997-7.587  -0.005-+0.173  -0.841 — +0.002
HR 7482  46679.4-58682.5 6.481-6.519  6.859-6.913 6.270-6.326  +0.376 — +0.403  -0.613 —-0.577
V1507 Cyg 43024.4-43760.4 6.896-7.088  7.082-7.260 6.680-6.861  +0.103 —+0.263  -0.463 —-0.323
V395 Vul 46679.4-58682.5 4.909-4.957  4.726-4.792 4.067-4.137 -0.183 —-0.141 -0.700 — -0.644
V1746 Cyg 46245.5-60583.3 5.121-5.246  4.990-5.084 4.251-4.409  -0.168 —-0.108 -0.747 - -0.670
V1624 Cyg 42237.5-60583.3 4.888-5.084  4.721-4.943 3.943-4.281 -0.216 —-0.103 -0.850 —-0.639
20 Vul  44432.5-60565.5 5.867-5.945 5.746-5.842 5.285-5.405 -0.135--0.089 -0.485 --0.428

QR Vul 44794.5-60583.3 4.600-4.820  4.453-4.644 3.684-3.925 -0.227 - -0.109 -0.799 - -0.706
PCyg 46287.4-55451.4 4.715-4.877  5.116-5.275 4.559-4.718 -0.383 —-0.450 -0.581 —-0.513

25 Vul 44817.4-60565.5 5.499-5.563 5.395-5.487 4.958-5.078 -0.120 - -0.073 -0.460 —-0.387
V2119 Cyg 46238.5-47022.4 5.783-5.923 5.616-5.758 4.652-4.836  -0.190 —-0.141 -0.981 —-0.906
V2120 Cyg 45149.5-55068.4 7.163-7.361 7.221-7.345 6.551-6.730  -0.019 - +0.060  -0.672 —-0.609
HR 7843  44431.5-55064.4 5.863-5.942  5.827-5.880 5.574-5.675 -0.095 —-0.009 -0.253 —-0.166
V1661 Cyg 41528.4-53935.5 4.740-4.896  5.112-5.272 4.651-4.835 +0.333-+0.424 -0.472--0.404
HR 7983 46696.4-53592.5 6.323-6.400  6.264-6.342 5.674-5.796  -0.074 —-0.038 -6.616 — -0.546
V2140 Cyg 43024.4-54662.5 5.634-5.724  6.097-6.192 5.787-5.900 +0.424 — +0.486  -0.334 —-0.283
V832 Cyg 46258.6-60583.4 4.451-4.837  4.432-4.782 3.489-3.887 -0.116-+0.013  -0.984 —-0.860
V1931 Cyg 46281.5-60583.4 5.289-5.503 5.136-5.303 4.152-4.405 -0.251 --0.122 -1.001 - -0.890
HR 8103 46696.4-52100.5 6.595-6.650  6.454-6.514 5.747-5.890  -0.164 —-0.124 -0.707 - -0.621
vCyg 44817.4-44818.5 4.342-4.371 4.256-4.284 3.433-3.460  -0.094 —-0.081 -0.828 —-0.815

HR 8153 48116.6-48123.6 6.378-6.443 6.585-6.666 6.085-6.220  +0.191 — +0.227  -0.507 —-0.446
V382 Cep 45536.4-52282.2 4.924-5.255  4.942-5.222 4.299-4.651 -0.128 - +0.051  -0.694 —-0.527
HR 8259 45155.5-59078.6  6.153-6.202  6.139-6.199 5.875-5.947  -0.026 - +0.001  -0.283 —-0.238

e Cap 41929.5-419404 4.582-4.613  4.453-4.534 3.811-3.880  -0.128 —-0.079 -0.654 —-0.642

HD 206773 52142.6-52282.2  6.876-7.053 6.980-7.183 6.169-6.428  +0.087 — +0.143  -0.830 —-0.742
EM Cep 41954.5-54020.3 6.975-7.115  7.224-7.398 6.665-6.851  +0.239 - +0.296  -0.579 —-0.540
HR 8375 48116.648123.6 5.896-5.939  5.807-7.873 5.062-5.131 -0.102 —-0.055 -0.747 - -0.715
8Lac A 43013.6-54026.5 5.640-5.767  5.483-5.662 4.575-4.723 -0.191 - -0.064 -0.950 - -0.853
HR 8682 44432.6-51426.5 6.117-6.199  6.030-6.114 5.528-5.674  -0.125--0.043 -0.536 —-0.440
V360 Lac  44473.5-53980.4 5.862-5.994  5.949-6.067 5.442-5579 +0.041 - +0.112  -0.554 —-0.469
EW Lac 41534.5-60199.5 5.096-5.492  4.958-5.361 4.198-4.955 -0.165 —-0.030 -0.778 — -0.397
V378 And  42261.5-55460.4 6.461-6.615 6.317-6.530 5.630-5.906  -0.180 --0.061 -0.743 — -0.624
o And 42614.6-60583.4 3.498-3.784  3.395-3.702 2.861-3.256  -0.178 — +0.000  -0.598 —-0.427
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Table 7: continued

Name of JD range V range Brange U range B — V range U — Brange
Star -2400000 (mag.) (mag.) (mag.) (mag.) (mag.)

KX And 42261.5-57621.5 6.775-7.212  7.092-7.596 6.661-7.478  +0.251 — +0.431  -0.551--0.101
KY And 42614.5-57621.5 6.686-6.894  6.679-6.862 6.075-6.317  -0.092-+0.059  -0.642--0.513
LQ And 44433.5-60583.4 6.498-6.598  6.412-6.524 5.793-5.920  -0.125--0.035 -0.669 —-0.554
V639 Cas  45307.3-55798.5 6.201-6.273 6.542-6.610 6.011-6.099  +0.326 — +0.347  -0.532 --0.506
MWC 327 44841.4-46689.4 8.710-8.790  9.074-9.148 8.384-8.435 +0.335-+0.364 -0.721 — -0.666
V1322 Cyg 44794.5-44843.3 9.333-9.346  10.190-10.223 9.957-10.016 +0.844 — +0.890  -0.233 —-0.207
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