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Abstract. A comparison of accuraté/ BV magnitudes, de- — a careful, iterative removal of accidental errors of the origi-
rived from numerous observations at Hvar and Sk&liRi¢so, nal Johnson'd/ BV values which led to the determination
and of the mean Hipparcad, magnitudes for a number of  of much more accuraté BV values for all constant stars.
constant stars showed a very good mutual correspondenc&g{

. . e that Harmanec et al. also paid utmost care to avoid any
these two data sets. Simple transformation formulee are Plistematic deviations from the original Johnson system. The
sented which allow calculating Johnsbhand B magnitudes Y g y : y

from the F, magnitude and knowls — V andl/ — B colours give justification why non-linear transformation formulae must
p - - .

For constant stars with well-known values of both colours thbe used if one wants to achieve an accuracy'@lin all three

accuracy of the transformation is clearly better th&0D. At s?ar_ldar(_UBV magmtude_zs over alarge range of stellar colours,
: S " ... luminosities and reddenings.
the same time, the transformation is not critically sensitive {o

. . . | realized that the formulee used to the transformation of
the exact values df — V" andl/ —B. Itis applicable over a wide instrumental magnitudes into standard ones should work equall
range of coloursB — V between-0"25 and 2.0) and works 9 gua’y

well also for reddened stars. However, since it was defined iwrallalso for atransformation between two existing well-defined

stars brighter than about*8.and for reddenings smaller than andard systems of stellar magnitudes.
about 10, its application outside these limits should be made )
with some caution and further tested. Since fhe- V and 2- The transformation from Hj, to V' and B

U — B colours are known for the majority of brighter stars anfiecently, Perryman et al. (1997) published a catalogue of very
since there are many classes of variable stars which do chagggrate broad-barfd, magnitudes of many stars derived from
colours only very mildly during their light changes (like thgpservations of the Hipparcos satellite. The passband used in
majority of Be stars) or for which the instantaneous colours cgflse observations is so broad that it effectively embraces both
be predicted or estimated from existing optical observationge 1 and B passbands of the JohnsoB'$3V system.

the transformations presented here may turn out to be very use-j, the first step, | extracted the mea&h, magnitudes from

ful for many researchers who need to combine Hipparcos af@ main Hipparcos catalogue for all standard stars from Table 5

optical photometry into one homogeneous data set. of Harmanec et al. (1994), i.e. for those standards for which at
. ) least 5 calibrated all-sky observations per season were secured
Key words: techniques: photometric on at least two different seasons. To these stars, | added the

following standards for which good Hvdy BV magnitudes
were derived more recently: HD 141930, 176437, 177808, and
1. Introduction 194317. Altogether, the data set contained 110 stars.

| used the following transformation formulae:
Harmanec, Horn & Juza (1994) carefully reduced numerous

UBV observations secured between 1972 and 1991 at HVar= Hp + a1 (B —V) + a2 (U - B) + 1)

and between 1980 and 1987 at Skadrakeso. Since many con- 4 a3 (B —V)? +ay (B - V)? 4+ a5

stant stars, used as the comparison and/or transformation stan-

dard stars, were repeatedly observed at both observatorieg,n|

was possible to identify secularly constant stars and to derige= H, + 3, (B— V) + (2 (U — B) + (2)

their U BV magnitudes with an unprecendented accuracy. Har- | 3. (p — V)2 4 3, (B — V)3 + 3.

manec et al. (1994) pointed out that two things were vital in the

reduction process: Itis obvious that the transformation coefficientandg are not
mutually independent. SincB=V + (B — V), the following

— the use of proper (non-linear) transformation equations, afilations hold:

Send offprint requests to: P. Harmanec 01 = 1+ aq, Bs = s, B3 = as, B4 = ay, B5 = as. 3)
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Fig. 1. Hvar and transformed Hipparcos photometry of 46 Lib Fig. 3. Hvar and transformed Hipparcos photometry of HR 1037
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Fig.[d is a similar plot for 21 Sgr. These figures illustrate the
poor quality of these particular Hvar observations. At the same
time it seems that one can suspect the presence of real light
..‘.‘ o . .
48} o 1 variability of both stars from the Hipparcos data. |, therefore,
- ® g 0 5 omitted these two stars from the transformation standards and
g 8 8 ° re-calculated the fit.
3 ° g e 8 This time, the rms error per one observation was only
49| o 1 0"0102. However, there are still several stars for which the
° O — C deviations exceed@15, the largest one beinrgd™040.
° Since the study by Harmanec et al. (1994) demonstrated that the
seasonal meaff BV magnitudes of almost all standard stars

0 5000 23000 24000 45000 46000 47000 48000 49000 could be reproduced withi"@1, | decided to investigate the
HJD—240000 secular constancy of these particular stars, and also stars for
which Harmanec et al. (1994) suspected mild variability, in de-
Fig. 2. Hvar and transformed Hipparcos photometry of 21 Sgr tail.
The results for the individual stars are discussed below.
Please, note that the Hvar all-sky observations are denoted by
It suffices, therefore, to investigate the transformation foé'pen circles, those from Skal@aPleso by open triangles and
mula (1) and to use relationkl(3) to obtain the correspondifihse from Hipparcos by filled circles in all plots shown here.
transformation formula for th& passband. Only observations from nights suitable for all-sky photometry
The transformation coefficientswere derived by the least-\yere used for Hvar and Skal&aPleso. For Hipparcos, only

square fit using all the standard stars defined above. It turngifbervations with the error flag zero (i.e. reliable data) were
out that the rms error of the fit per one data point wa8181, sed.

a promising initial result.
SR 1037 (HD 21362, HIP 16210); ©C=-0"016

A closer inspection showed that two stars, 46 Li ble 5 of Harmanec et al. (1994) indicates a possible variability
HD 142198) and 21 Sgr (HD 169420) gi tably | : e
( )an or ( ) give unacceptably lar HR 1037. Also Perryman et al. (1997) classify this B6Vn star

deviations/iip. — Virvar 0f —07058 and-07059, respectively. able of K ¢
For both these stars, the Hvar data come from early observatigRé Yanabie ot an unknowntype. - .
Fig.[3 is a plot of Hvar and Hipparcos observations of

when these stars were used as extinction standards and obser . . .
\g 037. There can be little doubt that this star is indeed a new

at large airmasses of 2 or more. It is quite conceivable that the’. bl q ‘b itted f the list of standard st
Hvar all-sky values derived by Harmanec et al. (1994) are inaginapie and must be omitted from the list of standard stars.

curate. Note that these stars are not listed in Table 4 ofHarma{'hecI Ca”t;?d gt:jt tStelllrtlv]:/erf’sl_|(1978) dPaM period Zearc_h gnf
et al. paper but only in their Table 5. Actually, thiemagnitudes € combined data set from Fvar and Hipparcos. A period o

a1 ) :
from various sources quoted in the Simbad bibliography ran§%‘p403 was detepted as the pest one. The light curve for this
from 4712 t0 4916 for 46 Lib (Vigea, = 47200), and from #80 eriod and an arbitrary epoch is shown in fih. 4. One can see

to 4982 for 21 Sgr Vit =47851). They are, therefore, in athat HR 1037 could per_haps be a plnary. New photom_etrlc and
especially spectroscopic observations are clearly desirable.

better agreement with the transformdg magnitudes than the
Hvar values. Fid.]1 is the plot of the Hvar and Hipparcos tran$8 Tau (HD 23324, HIP 17527); O©C=-0*015

formedV magnitudes vs. time for 46 Lib. Hvar observations as Fig.[3 shows, the discrepancy between the Hvar and Hippar-
shown by open circles, those from Hipparcos by filled circlesos data is marginal. It may be caused by the fact that 18 Tau
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Fig. 4. A tentative light curve of HR 1037 with an 80 period
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Fig. 6. Hvar and transformed Hipparcos photometry of HR 2532
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Fig. 5. Hvar and transformed Hipparcos photometry of 18 Tau Fig. 7. Hvar and transformed Hipparcos photometry of 16 Lyn

6.04 . . . .
was not observed frequently enough at Hvar. For the moment, 6.05

| shall retain 18 Tau among the transformation standards. 6.06 | . ]

6.07 | ® 1
HR 2532 (HD 49949, HIP 33056); © C=-0"022 6.08 | °o M 3 ] ‘. ]
This A8Vn star has only a limited number of observations froffg g o9 | S 8 ‘.! e ]
Hvar. Hipparcos observations indicate a slow increase of i& ¢ 40 [ ® % °° ]
brightness. Fid.16 is a plot of Hvar and transformed Hipparcés 4, [ o 8 ]

V' magnitudes vs. time. One can see a smooth secular change ® °

6.12 .
of brightness. Very probably, HR 2532 is a low-amplitude light 613l ]
variable which should not be used as a standard star. 5'1 of ]
16 Lyn (HD 50973, HIP 33485); O C =-07014 B
Harmanec et al. (1994) noted a larger than expected scatter in HJD—240000

the seasonal mean Hvar values for this star but attributed it to the

small number of Hvar observations. The Hipparcos observatidrig. 8. Hvar and transformed Hipparcos photometry of 43 Leo

show a scatter within less thaft03 without any obvious trends,

i.e. no evidence of light changes. Since this A2n star is denoted

as variable in the Simbad bibliography, | shall omit it from théevel defined by the rest of the data. The star must be considered
final data set. Its constancy should be further tested. a suspected variable and | shall omit it from the final data set.

43 Leo (HD 89962, HIP 50851); © C=-0"016 HR 4609 (HD 104985, HIP 58952); ©C =-0"017

Both, the Hipparcos and Hvar photometry show a larger thas seen in Fig[19, all three data sets show a larger than usual
usual scatter of individual observations (see [Eig. 8). Two singleatter. The star must be considered a suspected variable. It shall
Hipparcos observations deviate by more th&94.from the not be used in the final data set.
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Fig. 9. Hvar and transformed Hipparcos photometry of HR 4609  Fig. 11.Hvar and transformed Hipparcos photometrydco AB
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Fig. 10.Hvar and transformed Hipparcos photometry of 81 UMa  Fig. 12. Hvar and transformed Hipparcos photometry of 93 Her

4.32 . . .
81 UMa (HD 118214, HIP 66198); © C=-0"040

Thisis an Ap star. As Fif. 10 shows, this star must be considered 4.34
a suspected variable. The Simbad bibliography gives the range

of V magnitudes betweers6 and 560 from several sources. 4.36
This is closer to the transformed Hipparcos value than the megh
Hvar magnitude. | shall not use this star in the final data set. £ 4-38|

~

>

° o® [ 3
v Sco AB (HD 145502, HIP 79374); © C=-02037 440} 3"‘& ! |
Fig.[11 shows that a rather small number of observations of this o T 0
star is available. At Hvar, the star has always been observed at 4.42 ¢
large airmasses. The Hipparcos data show a range of more than
0‘?“04. T_herefore, the star is suspectec_i of some slight variability 444 77000 28000 79000 50000
and it will be safer to omit it from the final data set.

HJD—240000
93 Her (HD 164349, HIP 88128); ©C=+0"021 ' .

) . ’ ! : Fig. 13.Hvar and transformed Hipparcos photometry3dsge
As Fig.[12 illustrates, the Hvar data for this star show a Iargegl PP P Yk
scatter. There is also a systematic difference between the Hvar
and Hipparcos magnitude. Since there is no evidence of vafipparcos values. This star must remain among transformation
ability from the Hipparcos data, | prefer to keep this star amosgandards.

the transformation standards. 19 Vul (HD 192004, HIP 99518); © C = +07027

3 Sge (HD 185958, HIP 96837); ©C =+0"020 Fig.[14 is a time plot of the Hvar and transformed Hipparcos ob-
Although the plot of the data vs. time (FIg.]13) shows a slightlservations vs. time. Itis not quite obvious whether it is indicative
larger than usual scatter, there is no clear evidence of variabil-a secular light variation of 19 Vul or of a systematic differ-
ity but only of some systematic difference between Hvar amhce between Hvar and Hipparcos data. However, the range of
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Fig. 14.Hvar and transformed Hipparcos photometry of 19 Vul
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Fig. 15.Hvar and transformed Hipparcos photometry of 23 Vul
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Fig. 16.Hvar and transformed Hipparcos photometry of 42 Cyg
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Fig. 17.Hvar and transformed Hipparcos photometry of V379 Cep
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Fig. 18. Hvar and transformed Hipparcos photometry of V379 Cep
plotted vs. phase of the 986 period

42 Cyg (HD 195324, HIP 101067); ©C =+0"015

Fig.[18 shows that 42 Cyg is undoubtedly a light variable with
a possible period of about 700 d. It must be omitted from the
final set of transformation standards.

V379 Cep (HD 197770, HIP 102258);-©C = +02021

V379 Cep (HR 7940) is a strongly reddened B2IIl star.
Jerzykiewicz (1993) discovered its variability and suggested
that it is an eclipsing variable with a period of'2&. He admit-

ted, however, that the period is uncertain because of the small
number of observations during the eclipse. The depth of the re-
ported eclipse was about*06 only. Clayton (1996) obtained
new UBV observations of the star and concluded that it is in-
deed an eclipsing binary but with a period of'98.+- 0104

and with about equally deep primary and secondary eclipses.
His light curve shows also occasional brightenings, in addition

Hipparcos data is almost04. It seems safer to omit this stafO the reported eclipses. Clayton also mentions a preliminary
from the final data set.

23 Vul (HD 192806, HIP 99874); © C=-0"025
As seen in Figl_1l5, the early Hvar observations show a greatmparison stars and as a good transformation standarfd. Fig. 17
deal of scatter. It appears safer to omit this star from the firiala plot of numerous Hvar and Hipparcos observations vs. time.

data set.

spectroscopic result indicating that the star is a double-lined
spectroscopic binary.
V379 Cep was frequently observed at Hvar as one of the

It clearly shows that the variability of the star is more compli-
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Fig. 19. Hvar and transformed Hipparcos photometry of HD 208218l stars (row “all”) and an intermediate result (row “med”) after
deletion of 46 Lib and 21 Sgr. One can see that the differences

Table 1.Coefficients of the transformation formla 1: The final valueSf the coefficients are very small, showing that the result s quite

recommended to interested users, are given in the first row of the tabRPUSt. ' . . '
Column “rms” gives the rms error of one observation with respect to  The result is very encouraging not only for its practical ap-

the corresponding least-squares fit plicability but also for the fact that is shows the quality of Hip-
parcos and also Hvar and Skak&leso reductions. The stars
a1 as as Qg as rms used for the final transformation are recommedable as standards

also for other photometric programs.

Itis also important to note that the accuracy of the determi-
nation of the standard Johnstnand B magnitudes for a given
star is essentially given by the accuracy with which one knows
the (B — V') colour index for that star. It is seen that an error of
0"03in(B— V) would resultin a®01 error inV” and less than

cated than believed so far. The data show a smooth Iong—teqm02 errorinB. very fortunately, the dependencetin- Bis a

cyclic change over the interval covered by the observations"fiY weak one. Therefore, even a very approximate knowledge
would be important to obtain somenk$pectra of this star to see
if it is not in fact a mild Be star.

Fig.[18 is a plot of the same data, prewhitened for the longgnoniedgements. The use of the computerized bibliography from
term change, vs. phase of the'8.period and epoch deter-the strasbourg Astronomical Data Centre is gratefully acknowledged.
mined by Clayton (1996). One may suspect the presence of 1itgs research was supported by the grant 205/96/0162 of the Granting
secondary eclipse near phas&0. The primary eclipse is not Agency of the Czech Republic and also by the project K1-003-601/4
seen and the scatter outside the expected eclipses is comparaddigphysics of non-stationary stars of the Academy of Sciences of the
large. The question is whether the star is not also a rapid ph§gech Republic.
ical variable. As a precaution, | shall omit it from the final data

set. References

HD 208218 (HIP 99874); G C=+0"015 Clayton G.C., 1996, PASP 108, 401
This star is the brightest member of the cluster NGC 7160. Amrmanec P., Horn J., Juza K., 1994, A&AS 104, 121
seen in Figl”I9, both Hvar and Hipparcos observations seendegzykiewicz M., 1993, A&AS 97, 421
indicate possible slight rapid variability but no systematic trenBerryman M.A.C., Hag E., Kovalevsky J., Lindegren L., Turon C.,
Since this is another early-type reddened star, | decided to keep1997, ESA SP-1200ihe Hipparcos and Tycho Catalogues
it in the final data set. Stellingwerf R.F. 1978, ApJ 224, 953
To obtain the final values of the transformation coefficients
«, | omitted all of the above-discussed stars for which some
evidence of variability could be found and calculated another
fit to formula (1), using only the remaining stars.
The final coefficients are given under label “OK” in the first
row of Tablel. Itis seen that the rms errors decreasetd@067
and all individualO — C deviations are now below®@2. They
are shown as a function ¢82 — V) in Fig.[20. For comparison,
| also give there the coefficients which resulted from the fit to

OK -0.2964 0.0050 0.1110 0.0157 0.0072"0067
med -0.3031 0.0075 0.1220 0.0095 0.0090'0002
all -0.3006 0.0039 0.1382 0.0008 0.0077"0131

of the(U — B) index suffices for a reliable calculation Bfand
B magnitudes from the Hipparcd$, magnitude.



	Introduction
	The transformation from $H_p$ to $V$ and $B$

