Universiteit

4 Leiden
The Netherlands

An atlas of light and colour curves of field RR Lyrae stars
Lub, J.

Citation

Lub, J. (1977). An atlas of light and colour curves of field RR Lyrae stars. Astronomy And
Astrophysics Supplement Series, 29, 345-378. Retrieved from
https://hdl.handle.net/1887/7360

Version: Not Applicable (or Unknown)
License: Leiden University Non-exclusive license

Downloaded from: https://hdl.handle.net/1887/7360

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:3
https://hdl.handle.net/1887/7360

FT977ARAS. Z. 7297 734510

Astron. Astrophys. Suppl. 29, 345-378.

AN ATLAS OF LIGHT AND COLOUR CURVES OF FIELD RR LYRAE STARS*

J. LUB**
Sterrewacht Leiden
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An Atlas is presented of light and colour curves in the Walraven VBLUW photometric system for 90 field RR Lyrae and short-
period variables. The observational programme and the reduction procedure are briefly described. Tables are presented containing the
colours at mean and minimum light.
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1. INTRODUCTION

This paper presents the results of an extensive programme of photoelectric photometry of RR Lyrae and
short-period variable stars. The measurements were obtained by several Leiden observers during the years
1966 to 1976 with Walraven’s simultaneous five-channel photometer attached to the 90 cm Light Collector at
the Leiden Southern Station near Hartebeespoortdam, South Africa.

The initiative for this project was taken by Dr. G. van Herk. In his work on the proper motions of RR
Lyrae stars (van Herk 1965) he found that, especially in the Southern Hemisphere, the lack of good
photometric data, in particular (B-V) and light amplitude, as well as population criteria made a meaningful
subdivision of his material very difficult. Therefore he asked the Leiden photometrists to extend the already
available measurements of only a few RR Lyrae stars in the Walraven VBLUW system (Ponsen and
Oosterhoff 1966 ; Oosterhoff and Walraven 1966) to more variables.

The first VBLUW observations were very fragmentary and unevenly distributed in phase as compared
with the present data and are not presented here. However, they proved to be sufficiently interesting to
continue the programme. As a first result Van Herk found that a correlation exists between the strength of the
bumps that “type a” RR Lyrae lightcurves exhibit near minimum light, and Preston’s AS parameter, which is
an indicator of metal-line strength. He presented this result at the IAU in Brighton, 1970 (van Herk 1971).

As it was judged very important to be able to derive from the lightcurve alone a reddening-free population
criterion, a major survey of VBLUW photometry of about 100 field RR Lyrae stars was started. Its aim was
to obtain a continuous coverage of each lightcurve, including the bumps near minimum light. This new
programme required a very considerable observing effort, which task has rested largely upon the shoulders of
Dr. A.M. van Genderen, resident astronomer at the Leiden Southern Station.

In the beginning of 1973, after the retirement of Dr. van Herk in 1972, the author took over the project. In
the meantime it had become evident, however, that the VBLUW data on RR Lyrae stars show, apart from
their original purpose (i.e. the study of the secondary maxima as a population criterion), many other
interesting aspects. The present observations (complete lightcurves in five simultaneous channels) and the
properties of the VBLUW photometric system (a good separation of abundance, temperature and gravity
effects for A, F and G stars) are well suited for a detailed study of the variation of effective temperature and
gravity over the whole pulsation cycle for a large number of RR Lyrae and related variables. Up till now such
a study has been done for only a few RR Lyrae stars (Oke and Bonsack 1960, Oke et al. 1962, Oke 1966, van
Albada and de Boer 1975).

The last two authors also discuss the possibility of deriving the physical properties of the equilibrium state
of a variable star from photometry over the whole cycle. This provides an important test of the theoretical
pulsation models.

* Based on observations mainly by Dr. A.M. van Genderen.
** Now at the European Southern Observatory, c/o CERN, Geneva, Switzerland.
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During the last decade our knowledge of the colours of RR Lyrae stars has much improved due to the
large surveys of Fitch et al. (1966), Sturch (1966) and Clube et al. (1969), who used UBV photometry, as well
as Epstein (1969, 1973) and Jones (1973), who used Strémgren photometry or a modification thereof. Most of
these data, however, are either not very well suited for a study of the pulsation behaviour of RR Lyrae stars
(UBYV photometry) or cover only particular phases of the light variation.

With the VBLUW photometer, J.W. Pel has recently observed a large number of Cepheids in the Southern
Milky Way (Pel 1976a and 1976b). In many ways this study of cepheids and the present RR Lyrae
programme are supplementary especially with respect to the determination of the physical parameters that
characterize the stellar photosphere. Several aspects of the VBLUW photometry which are of importance to
both studies were therefore discussed in a common paper (Lub and Pel 1977). That paper includes a
calibration of the VBLUW photometry in terms of physical parameters for intermediate type stars, using the
grid of model atmospheres by Kurucz (1975). This calibration will be the basis for the interpretation of the
RR Lyrae material.

Section 2 of the present paper first describes the observing programme; section 3 discusses the observing
procedure; section 4 summarizes the reduction and section 5 contains details on the atlas of lightcurves, a
description of the tables and a list of remarks on individual variables. Following papers will deal with the
derivation of line-blanketing, interstellar reddening and physical parameters for RR Lyrae stars. We shall
study the physical behaviour of RR Lyrae stars over their pulsation cycle, as well as the form of their
lightcurves and compare this with the large number of theoretical pulsation computations now available (e.g.
Christy 1966, Stellingwerf 1974). A separate article is planned to present and discuss extensive measurements
of several short period (RRs) variables.

For the construction of the instrument and the general properties of the VBLUW photometric system we
refer to Walraven and Walraven (1960), Rijf et al. (1969) and Lub and Pel (1977). One remark is in order
here: in VBLUW photometry it is usual to express all quantities in units of 10log (intensity) rather than in
magnitudes.

2. THE PROGRAMME

The initial observing list, which was selected by Dr. G. van Herk and A.A. Schoenmaker, consisted of
RR Lyrae stars South of declination + 15° and with visual magnitudes at minimum light brighter than V; ~
12™5. Here V' is the visual magnitude on the UBV photometric system. Care was taken to choose the stars in
such a way that a good coverage of the (period — AS) plane was obtained. No attempt was made to be
“complete” in any respect.

The author has added a few bright variables to the programme after 1973, because these would allow a
higher accuracy to be obtained in the ultraviolet channels. At the beginning of 1973 the state of the
programme was reviewed and several fainter stars were deleted from the list. This left a total of 90 variables.
The distribution of the variables in the (period — AS) plane is not affected by this choice.

The final measurements presented in this paper were done in summer 1974, but during 1975 and 1976
several interesting stars were reobserved or newly added to the programme. These additional data will be
published separately.

Periods and epochs for the variables were taken first from the Second Edition of the General Catalogue of
Variable Stars (Kukarkin et al. 1958) and later from the third edition and its supplements (Kukarkin et al.
1969, 1970, 1972, 1974, hereinafter referred to as the GCVS). Identification charts for the majority of the
variables were found in the Odessa atlas of identification charts (Tsesevich and Kazanasmas 1963). Each
variable was observed relative to a nearby reference star, which during the initial stages of the project usually
was taken to be the comparison star indicated on the Odessa chart. As the latter star was often not very well
suited with respect to bringhtness or spectral type, we soon decided to use only stars of spectral type A or F
within 30" from the variable, chosen from the Henry Draper catalogue.
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In 1973 a programme of bright stars of spectral types A, F and G was observed by Dr. A.M. van
Genderen, along with the variable star programme. A discussion of these measurements and their application
to the calibration of the VBLUW photometric system has already been given by Lub and Pel (1977). Similar
programmes were carried out during the following observing seasons, but are as yet unreduced.

3. THE OBSERVATIONS

Long continuous runs of observations were made in order to cover the lightcurves in as few nights as
possible. Ideally a lightcurve should be completed in one observing run, because of the possibility of
variations in the form and the amplitude of the lightcurve, the so-called Blazhko effect. In practice this was
feasible only for the variables with the shorter periods.

The observations were much facilitated by the use of time-tables prepared by Mr. A.A. Schoenmaker. For
all variables and every night these give phases and air masses for each hour of South African Standard Time.
In this way it proves easy to fill in gaps in the lightcurves caused by bad weather conditions or an unfavour-
able period.

No fixed observing sequence was used; instead, the way in which the measurements were alternated
between variable, reference star and sky was adjusted to their relative brightness and to the quality of the
night. The basic integration time of the photometer was fixed at 30 seconds; longer integrations were made by
repeating the measurements. Typically the RR Lyrae measurements were made with two integrations i.e.
1 minute, but in the case of fainter variables or stars with long periods more integrations were made for a
single measurement.

Before accepting a reference star a check was made for optical companions. Normally a 23” diaphragm
was used for the observations, so in general it is expected also that the light of the variable star is not
contaminated by optical companions. (For a few typical cases see the discussion by Jones (1973)).

At Hartebeespoortdam the sky conditions have been slowly deteriorating during the last decade, mainly due
to smog from the nearby cities. However, it appeared that by rapidly alternating between variable and reference
star it was possible to continue observing on many ‘‘non-photometric nights. Exceptionally clear nights were
selected to observe the reference stars together with the standard stars and so tie them to the VBLUW
standard system.

The observers who took part in observing the programme are: A.M. van Genderen in 1966, W.
Wamsteker in 1968, J.W. Pel in 1970, during 1971 to 1974 again A.M. van Genderen, and in the spring of
1974 C.J. van Houten and W. van Vliet. Additional observations in 1975 and 1976 were made by A.M. van
Genderen, F. van Leeuwen and W. Bijleveld.

4. REDUCTION

Considering the fact that we had to process more than a hundred thousand integrations, each in five
channels, the whole reduction had to be done by computer—it should be remarked here that these data are the
equivalent of 200 or more observing nights of eight hours. Initially this was done by Mr. A.A. Schoenmaker,
during the later stages Mr. J. Schafgans provided much assistance. Mrs. M. Wisse took part in the tedious
task of finding all punching errors’in the raw data. The various reduction procedures are well described by Pel
(1976a) and need not be fully repeated here. In the following only a few details are given.

4.1. The Variables

The variables are reduced differentially with respect to the reference stars. In the computer programmes
the amount of smoothing applied to the sky background and the reference star could be prescribed such that
the effects of variations in either this background or the sensitivity of the instrument would be as small as
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possible. To account for the difference in airmass between the variable and the reference star a mean
extinction coefficient is used. This might only in some very extreme cases—airmass differences greater than
0.010—cause an error larger than 0.001 in 10log (intensity) in the derived colours. The table below gives the
equivalent wavelengths of the photometric passbands as well as the standard extinction coefficients ¥, (in
units of 10log (intensity)) that were used.

vV B L U w

hetr (R) 5470 4325 3840 3630 3260
K 0.102 0.173 0.240 0.286 0.459

Finally Heliocentric Julian days and phases are calculated for the measurements and the data are plotted.
Using these plots it is possible to study the quality of the observations and decide from the internal accuracy
of the data which data points have to be deleted (see section 5.2.). In no case was any smoothing applied to
the variable star data. Also it was possible in this way to find improvements of the light elements (see the
following section).

s

4.2. The Reference Stars

The reference stars were brought unto the standard VBLUW photometric system using the extinction and
instrumental zeropoints obtained from the standard stars by the relation:

I=i+a+x(m-1)

where i is the measured 10log (intensity), I the corresponding value on the standard system, a the correction
for instrumental sensitivity, ¥ the extinction coefficient and m the airmass through which the star has been
observed. No colour terms are necessary in this determination, as discussed by Pel (1976b) and Lub and Pel
(1977).

5. PRESENTATION OF THE DATA

It was already indicated in section 4 that the amount of data collected is quite formidable. Therefore we
had to decide upon the best way in which to present the measurements: extensive tables have distinct
disadvantages as compared with a graphical representation, especially in the case of lightcurves. The data are
presented in the form of an atlas with accompanying tables that give certain mean quantities characterizing
the light and colour curves of each variable. The complete data will be made available on magnetic tape.

5.1. The Atlas

Figures 1,1 to 1,45 show the light and colour curves. Two variables are presented per figure. For each
variable are given the lightcurves in ¥ and B, as well as the colour curves V—B, B—-U, B-L and in several cases
U-W. The B lightcurve is displayed because it shows the secondary maxima most clearly.

The variables are ordered by type: short-period (RRs), RRc and RRab respectively. Within each type the
variables are ordered by increasing period.

For the fainter variables the signal in the W channel is so weak that it is not worthwile to publish the
(U-W) curve. As a quality criterion the rms scatter in the (U-W) curve around minimum light is used:
whenever this scatter exceeds 10% (or 0.040 in '°log (intensity) units) the (U— W) curve is not displayed. A
further discussion of the accuracy of the measurements will be found in part 5.2 of this section.

In most cases it was judged to be sufficient to derive only a new maximum epoch from our measurements.
New light elements were determined only if the GCVS period is manifestly in error; in that case the new light
elements are given in part 5.3. of this section: Remarks on Individual Variables. Usually our own
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measurements were sufficient for the determination of a new period by making use of the information that is
contained in the slopes of the separate but continuous pieces that make up each lightcurve (this was done for
RZ Cet, U Pic, CG Lib, V494 Sco and AO Tuc). Such new periods are expected to be accurate to one part in
105 or 106 (when rising branches are fitted).

New heliocentric epochs were determined from the B lightcurves as follows. For stars of type c, i.e. with
symmetric lightcurves, we took the epoch of the point halfway between median light on the rising and
descending part of the lightcurves. In the case of variables with asymmetric lightcurves, i.e. mainly stars of the
ab-type, epochs of maximum were used. This was done in the following way: mean tangents were drawn
along the rising and falling part of the lightcurve. The bisectrix of the angle between these two lines was
constructed, and the phase of maximum light was taken as the intersection of this bisectrix and the level of
maximum light. Epochs derived in this way are accurate to within 0.002.

5.2. The Tables

Information on the variables and their reference stars can be found in tables 1 and 2 respectively. Sturch
(1966) has shown the usefulness of observations made over the phase interval 0.50-0.80 (minimum light) for
the determination of metal line blanketing in RRab type stars. Mean colours for the variable stars at
minimum light are therefore given in table 3 (for other types these minimum light colours have been
determined at phase 0.50). Also given in tables 2 and 3 are accuracies of the colours which they contain. The
stars have been ordered by right ascension in all tables (for the epoch 1900.0).

The accuracy of the colours given in these three tables must now be further discussed, as this is the
foundation upon which much of the further work will be built. For the reference stars the accuracy was
derived from the number of nights on which they were observed together with the standard stars and the
standard deviation from the measurements, whereas for the variables we determined the accuracy by
considering the colours near minimum light, where all light and colour curves change very slowly, if at all.
Here it was possible to derive this accuracy from the standard deviation of a single observation for several
groups of 8 observed points. By going back again to the original observations, we checked that the scatter
within a group is mainly due to observational scatter. The accuracy of the minimum light colours is therefore
given in table 3 as the standard deviation of a single observation divided by the square root of the number of
points contributing to the average colours at minimum light.

Average colours over the whole lightcurve are more accurate by a factor of two or more. The average
colours in table 1 have been obtained by a simple integration of the light and colour curves in 10log (intensity)
units over the period. .

Also contained in table 1 is Preston’s AS parameter for each variable as calculated by van Herk and
Schoenmaker from the general literature on that subject (van Herk 1971) or else taken from the GCVS.

For the calculation of the visual brightness of the reference stars on the UBV system, V', given in table 2
the formula given by Pel (1976a) was used, i.e.: Vy=6"874-2.5 {V+0.065(V-B)}.

5.3. Remarks on Individual Variables

In this subsection information is given on those variables for which new lightelements have been obtained
or which show peculiarities in their lightcurves. As in the tables the stars are ordered by right ascension.

SS For: The behaviour of the reference star has been carefully checked and it has to be concluded that
the variations near minimum light are real. In September 1975 further observations were
obtained near minimum light, but these are as yet unreduced.

RZ Cet: New lightelements were derived by fitting the 1968 and 1973 measurements together; the light-
curve contains all points. The new elements are: max =Hel.J.D. 2442014.369 + 0.5106077 x E.

U Pic: New lightelements were derived from our measurements and the GCVS epoch: max=Hel.J.D.
2441666.449 +0.4403710 X E.
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RY Col:

HH Pup:

WY Ant:
SS Leo:

AP Ser:

TV Lib:

FW Lup:

AR Ser:

CG Lib:

UV Oct:

V494Sco:

V703Sco:

S Ara:

V 675 Sgr:

V 455 Oph:

V 440 Sgr:

DN Pav:

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System
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This RR Lyrae star shows strong Blazhko effect. The new epoch is only valid for the one
maximum observed.

The peculiar shoulder on the descending part of the lightcurve is present in observations on two
consecutive nights. However the UBV lightcurve by Warren (1966) does not show it and also its
form is much more characteristic of low AS, high amplitude RR Lyrae stars.

New lightelements were derived from our data and the GCVS epoch: max=HelJ.D.
2440645.303 +0.57433095 x E.

New lightelements were obtained from the present data and additional measurements by Pel (in
1970): max =Hel.J.D. 2441781.406 + 0.6263432 x E.

The lightcurve shown here was observed by van Genderen in 1973. Observations by van
Genderen in 1966 show a lightcurve much more characteristic of a c-type variable. In order to
study the lightcurve variations additional measurements were made in 1975 (as yet unreduced).

The present observations were obtained by van Genderen in 1973. Van Genderen in 1966 and
Pel in 1970 also observed this variable. From all VBLUW data at hand the following new light-
elements are found: max = Hel.J.D. 2441809.396 +0.2696242 X E.

This variable was in Pel’s survey of Cepheids (Pel 1976a); he found however, that it is an
RR Lyrae star. The present observations were obtained by van Houten in 1974. The lightele-
ments given here are derived from all available VBLUW data: max=HelJ.D.
2442171.377+0.4841712 X E.

Due to the very strong Blazhko effect the epoch given is valid only for the one maximum
observed. In order to derive a better lightcurve and study the amplitude variations further
observations were made in 1975 (as yet unreduced).

Schoenmaker found from an analysis of the VBLUW data that only a period of 0.3067 satisfied
the observations instead of 0.443050 as given by Clube et al. (1969). This is in accordance with
the period of 0.3068674 derived by Cacciari (1975) from the observations of Clube et al. With
this period the lightcurve is a characteristic c-type lightcurve.

The epoch given for this variable with Blazhko effect is a mean maximum epoch from two
maxima at differing amplitude, and is useful solely for plotting the data points.

New lightelements were derived from our epoch and the GCVS epoch: max=Hel.J.D.
2441126.388 +0.4273326 x E. With these new lightelements all parts of the lightcurve fit very well
together. However our B amplitude, 1™27, is much lower than the value of 1766 by Kinman
(1961); also its colours are very similar to those of RV Cap, so it is very probable that
V494 Sco also shows the Blazhko effect.

Extensive VBLUW observations by Ponsen have been discussed by Oosterhoff (1966). This star
shows very strong modulations of the lightcurve and unfortunately our measurements were done
at very low amplitude. Therefore no new maximum epoch was derived.

New lightelements were derived from our measurements and the old GCVS epoch: max=
HelJ.D. 2441152.417+0.451883 x E.

New lightelements were derived from our measurements and the old GCVS epoch: max=
Hel.J.D. 2441180.370 +0.6422895 x E.

New lightelements derived from our measurements and the old GCVS epoch: max=Hel.J.D.
2441833.389+ 0.4539182 X E.

From all available VBLUW data (complete lightcurves have been measured both in 1968 and
1971) new lightelements were derived: max=Hel.J.D. 2441509.445+0.47747883 x E. The light-
curve contains all available data points.

Using two complete lightcurves from 1968 and 1971-1972, new lightelements were derived:
max = Hel.J.D. 2441183.397 + 0.46844376 X E.
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The lightcurve contains all available points; for the L band, the minimum observed in 1972 was
not used in forming the averages.

V 341 Aql: From all available VBLUW data (complete lightcurves from 1971 and 1968) new lightelements
were derived: max=Hel.J.D. 2441196.251 +0.57802054 x E. The lightcurve contains all data
points. )

DX Del: A few measurements near minimum light fit poorly, possibly due to real variations.

RV Cap: A mean maximum epoch from two maxima at differing amplitude was determined, useful only
for plotting the lightcurve.

YZ Cap: The present lightcurve was obtained by van Genderen in 1973; he has observed also a complete
lightcurve in 1966. New lightelements were derived from all available VBLUW data:
max =Hel.J.D. 2441872.444+ 0.27345698 x E.

SX Agr: New lightelements were derived using also a maximum observed by van Genderen in 1966:
max = Hel.J.D. 2441868.445+0.53571386 X E.

RT Gru: As for other stars which show the Blazhko effect, a mean maximum epoch was derived, useful
only for plotting the data points.

SX Phe: No new epoch was derived. Extensive VBLUW observations by Wamsteker in 1968 will be
presented and discussed separately.

AO Tuc: New lightelements were derived using the present observations and those of Ponsen (Ponsen and
Oosterhoff, 1966): max =Hel.J.D. 2441948.542 +0.3332332 X E.
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FT977AGAS. .2797 234510

J.Lub Sterrewacht
Wassenaarse weg 78
NL - 2405 Leiden

Table3 Minimum light colours of the RR Lyrae stars.

STAR v-8 B-U U-w B-L N STAR v-8 B-U U-w B-L N STAR v-B B-U u-w B-L N
RY  PSC L1671 .355 3 .206 17 .175 2 48 RV OCT L2191 0386 2 .23312 .175 1 63 V455 OPH L2046 2 .396 4 .19325 .186 3 40
W oTuC L1621 .378 3 .210 8 .161 2 63 FY  HYA L1672 .36k b 7414 142 3 90 V413 CRA .206 1 .38% 2 .223 6 .180 1 4o
AN TUC L1282 1375 3 .15213 L1532 32 V499 CEN L1821 384 2 183 6 .168 1 56 MT TEL L1091 402 2 180 7 L1451 64
RR  CET L169 1 .367 1 .187 b a7t 1 k2 uy  BOO L168 1 0331 2 198 6 .149 2 56 V440 SGR .200 1 .396 1 .208 4,183 1 54
SV scL L1081 401 3 .197 11 .159 2 24 XX VIR 183 2 373 b .236 18 .161 3 48 DN PAV A7h 1 .37k 4 19816 .168 3 99
$S  FOR 157 1 .369 1 .186 3 .64 1 54 TY  APS 215 2 W8 4 23717 183 3 4o V341 AQL 79 1 .38 1 .202 4 .181 1 180
RZ  CET L1641 366 3 .202 9 .170 2 Sk AP SER L1200 2,395 5 .179 18 161 3 16 AR AQL 183 2 k22 4 195 14,202 3 48
BB HY! L1132 b2k 5 18930 .168 3 28 ™voLs 178 2 k08 6 .20528 .211 5 16 DX  DEL 209 1 .33 1 .19k 5 242 1 6
BY ERI 10 2 .401 4 .179 16 .165 3 28 W Lup L2161 418 1 234 8  .229 1 56 RV CAP 166 2 .396 3,190 9 .172 2 38
X ARI 2223 1 .378 1 L2110 4 L1661 63 VY SER 2185 1 0359 1 .208 4 .16h 1 48 vVoIND 79 1 0366 2 193 8 172 2 W2
SV ERI L1831 .379 2 .189 5 .163 1 16 AR SER L7201 .37k 2 .200 17 .16k 1 36 CP AR L1831 k03 3 .245 18  .201 2 &0
u PIC .180 1 .392 2 .220 8 .200 2 56 G LB .188 3 .391 6 .18518 .170 4 24 SW  AQR 75 1 .383 3 .216 10 172 2 48
U LEP L1661 .367 4 .18120 L1572 15 wooLuB .235 2 k08 4 248 20 .202 3 k9 z  MIC 218 2 .399 & .265 11 .191 2 36
RY  COL 71 1 .385 2,208 6 .193 2 32 AN SER L2101 437 2 214 9 251 1 W9 YZ CAP L135 2 bbb 4 160 14 172 3 25
U CAR .210 1 .365 4 .20318 .172 3 40 AT SER L1641 0356 3 .213 9 .155 2 54 SX  AQR A71 1 0356 3 .195 16 156 2 42
HH  PUP L2102 .ho5 4 .23317 203 3 35 AV SER 231 2 2 3 .209-3  .188 2 4o RT  GRU L1585 2,370 5 .190 20 .160 3 80
BB PUP .208 2 .h34 4,223 16 .21k 3 4o w ocT L1991 373 1 189 4 173 1 6k TZ AQR .188 2 .368 5 .241 14,180 3 kO
VZ  CNC L1521 .392 1 .163 3 .207 1 15 V445 OPH 299 1 456 3 336 11 .27k 2 40 DH  PEG L1391 .56 1 .185 3 .183 1 32
T OsEX 123 1 432 2 .178 6 .173 2 16 VX HER L1821 384 3 22913 171 2 k2 oY AQR 132 2 .370 4 .205 B .186 & 16
AF VEL 2209 2 .39% 4 16511 .179 3 42 RV TRA 2230 2 .433 8 19735 .248 4 21 RV GRU L157 2 .349 b 19518 157 3 32
™ LEO 75 2,368 3 .19715  .157 3 58 V452 OPH L2611 W11 4,260 25 .190 3 35 BH  PEG 211 1 383 3 .221 10 181 2 64
WY ANT 173 1,361 1 .227 4 169 2 28 V487 sco L2407 2 .81 5 246 20 .213 3 2b 80 AQR L1802 .372 3 .21017  .162 2 kO
W CRT L1811 .13 3 .239 10 .206 2 32 ST OPH L2482 L4W1 6 .179 25 .203 3 36 Yy ooTUC L1641 0359 3 179 14 153 2 42
Ss  LEO (166 1 .366 2 .159 6 .161 1 56 VA9l sCO 216 1 432 3 210 10 207 2 48 DN AQR A72 1 0361 2 .199 5 163 1 72
ST LEO L1731 .387 2 .221 7 L1801 120 V703 sC0 L85 1 k09 1 178 3 200 1 16 RV PHE 72 1 0358 3 .236 12 .167 2 40
X CRT L7301 .352 2 189 6 161 2 48 Y PAV 203 2 .353 4 .23515 .158 3 40 BR  AQR 475 1 0396 3 .23 11 199 2 56
W VIR 72 1 0386 1,207 5 .186 1 35 V690 SCO 215 2 .398 4 .208 15 .211 3 36 SX  PHE L1001 .363 2 .47 2 170 1 8
SV HYA 74 1 378 1 .205 5 170 1 56 S ARA L195 1,390 2 .209 8 179 1 45 85 AQR L5 1 k05 2 177 4 L2tk 1 32
AV VIR 182 1 .372 2 18730 181 1 W2 V567 OPH 247 2 .88 5 .157 16 .252 3 16 o CET L1781 L3613 .156 14 169 2 Sh
AU VIR L1601 4113 719k 163 2 2b V675 SGR L1891 .362 1 .196 4 158 1 56 A0 TUC (109 1 0399 4 18216 157 2 16

Each colour is followed by its accuracy in units of 0.001 in 9log (intensity). The number of measured points contributing to the
average is found in the column marked N. For a discussion see section 5.2. in the text.

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

‘sjun (A1sud3u1) 30Jg; Ul UadLS 24v Sa11UDND JLijawoloyd J1p ¢°G UOIIOIS Ul PUNOJ 9Q UBD SI[QRLIBA 9Y] UO SYIBWAI [BUONIPPY 199]J9 OYZe[g IO 9AINOIYSI| 9[qBLIBA : T {9AINIY3I|
9jordwooy] : 1 :Suruesw SUIMO[[0] Y] dakYy (Y) UWN[0D JY) Ul SJoqUIAS Sy T “(*Z°S UOIOIS) 1X9) 9Y) 998 SINOJ0O IFeIdAR 9} pue 4 Ul Ajsourun] ageIoAe oY) JO UOHBALIOP ) 10
9AIMOIY3Y 4 9y3 Jo apmyjduie ay) pue JYSI| WNUWIXBW I8

pﬁ\«w ww@ﬂuﬂwtﬁ— MNTIA 2P} ‘10yowrered SV s.uoisalg “moﬁmﬁ_UHOOo Oﬁom—mm ﬁoﬁm 2Je IX9N "uwnjod ﬁoﬁbuﬁ jou are msooav wnuwrxew ayj JIoj sraqunu \m.m—u uelnf d113uadoIay 3yl Jo
o (¥7) susip om) IsIy 9y ‘UWNjOO sKep Ul USAIS oI SPOLIdJ ‘S[Yelep aY3 UI J[qeLIBA [OBD JO IOqUINU UONBOYNUSPI 9Y) : ] UWN[0) ‘uoIsuadse 1S £q paSurliie o1e so[qeLIBA Y],
Lon9lt 6L1T gnyt 180T SILTl-  6L°0 619l S 29°95- SGTELE  zuS'gHely  ZEEZEEE'0 S ML OV 66
191 08l°  0BE 651 860°7- 1§20 6€6°L- k  §0°SL- 2Z'€L0  9/5°80Ziw  180909°0 de 133 NN g6 Gt 80z e SE Ug'l- SLE'D S6l- 6 9wzt S0Bl0  GLSRGLlN  0Z86SMLD 98 w3 v 6
g0 T L Gmt gWL- 950 960 0 06°SS- 66T MOTLIgln  EBLELD s WY S8 L6 922" 60z €Sk 991°  §99'(- [Zw'0 @Iw'l- 0 KZSk+  28°EZ0  WZw'O9nly  0L0L0ZTS'O 9® WIS NV HS
T Lt gElt gLET S80°  €81°0- 0L 9€70L- ZH'lLWE  GE0T00ZHE  SH96MSO'O s IHd XS 96 S6LT €2z Mk KOZ'  S96%1-  ZZn0 LOLTL- 9 4RURT+  98°€SE  OLE'wWily  OLLEGEEST0  9° @11 AR €S
6gL° S0z Szn' 661 gSgTi-  99n°0  695TM- €  HZ'S9-  SHSLO  HESTOSLLY  SBLBIGH'0 G° WDV ¥d 6 @i w oEr 9 Sgle 0z sl | €Sz mWE WEESUD  WeRsiE0 > @1 8 8
L 291t 00zt wLET  [nl®  TS0'Z-  €8Z°0  888°l- 8 66°€9- €0°9EE  SZS'S6Ly  7BIN9ES0 4 IHd AW 46 T oo e s e 0T 0960 Swl- 5 Lwre g0Loo eST0sly  OGNISISD @ s wv 1S
191 961 ggE"  Iml®  €9L°1- SIE°0 8LSL- B S0°69- €L°SE0 60S°gylin  STSLEE9'0  de WDV NG €6 S w6 e 1o B0 €~ 6 olwe St GGGy C6ML0 % WS A 06
€51° g9l*  46E'  6zi" Sg0'Z-  68n0  28LTL- §  02°2-  ZE°SZE  L6nHEBIN  0120S€9'0 de oL Ak 26 wr no o - tes0- o1 wlo- e el WEnm almereo 9 am Ad ol
SSUTLBTBOW BT ST WO THBETI- 9 TS GE'SSD IS smONGY'D de W on 16 L 061" S0Z'  Ohr  Onlt  080°Z- SZST0  SwLTl- T B9TEE+ SL'ESE  96E°608ly  2hT969Z'0  9° @11 AL gy
z SLt 061" Sow £gL oSHL- “NH” M“M"” 9 96°gE- 09°S80  I6£'9EZiy  6000149°0 Qe 934 HA 06 Tl Mt wEnt 760 w89Ti- 66I°0 Ml9Tl- g £E7ZSH 8720 09ETHSLY  0BIMNSZT'O 0 waS Y Ly
L uSie o6- SgEc  0z1c  gnzE- w0 1S6Ti- L 66°85-  60°ISE  T1S'Siziw  €Z086°0 4°  mu9 My 68 6L1° €zz° 9t 9g1°  €n0'T-  SZw'0  MLLTM- € [STOL-  ZI'ZIE  SEzgskly  S€69105°0 9B Sdv AL 9y
%) 981" 9gl’ 00k LI 0£9°L- 10€°0  €€4TL- T T6'9n-  ZZ'690  965°9Ziin  OHGEOL90°0 Ge WOV AD g8 TWYOWZNOw et 96LTE- W0 BgL- 6 EL70Se GLUEE GCESunlSmEdTL af WA XK G
m - 6L- g £l [g01- 2020 hgE0- | nze- €630 onSemly  01sssz0 o 934 MO L €n10 961" SLET SELT 0L971-  9LN'0  I9ETL- OL  29'89+ SZ'WSE  99n°0Zqly  9NMBOSI'O 9% 008 AN hh
nw o1 z0z'  €6€°  091°  €E1°T-  OME'0  O6°1- S ZE'wq-  MTESD  66€°99SLy  EHGLILSTO 9@ WDV ZL 98 S9I'  wel 6Lyt Iwl®  [zL'i-  S6w'0  S6ETL- 9 €1°gl+  60°SLE  8HZ'9TLIN  00ITITS'O de  N3ID 66WA Eh
s aco g2z 9€1° 661 L6€°  @EL  0LE'Z-  Ony'0  wl0'Z- L GETLE+ LL°GLE  LLE'6BOLY  0IS99€9°0 9B VAH A4 Ty
.u, Tl 09tL” s81° Loy 621" 2h'T-  SHR'0 €60°Z- L 00°0S-  99°2SE  SSSTISLLY 802Z15°0 48 N¥9 1Y S8 891" 0z 8y’ S8l nl9*1l-  S94°0  9LETL- 0L [971Z- LE'HOE  98Z°0LOLY 00EL14S°0 98 130 A¥ Ly
R L Li1N 061" o gzl” n66" 1~ L94°0  069°L- 6 00'4E-  68°LSO  Shy89BLY 6E1LSEST0 98 WOV XS 4B 9 9LL” Thht 980" 606°L- 66170 208'L- 9 96°wS+ whLIE  ZEE'S6LLY Z0EZEHE'D 2 MIA v 0%
=4 wll® 1Lyt eyt 601 g8L°l-  60Z0 189k~ 0 0S'6E- [E'SE0  wwy'ZLglh  B6YSHELZ'O O dv) ZA €8 2Lt T0z W6ET  SSI° w00'Z-  HIETO  wig'l- 9 MG 0L+ 66°HZE  €82°0Lwly  0806959°0 9°  M¥IA AV 6E
m LZgLt 192" 9ly"  w6L*  6Z6'i- 19Z°0 08LTL- % 9L'€h-  69°SL0  9LE'[6SLy  O0HEE98S0 98 IIW  Z I8 €91° L6 1zH*  wELT  @ERTL-  HISTO  Lyl'l- 9 6S°9E+  [L0°[6Z 9HE'TOLLW  BERSBLHTD QB VAH AS €
.ﬁ WLt weztoent L1 9LLTi- wZST0 9nTl- g LhUIE-  I€71S0  LKE'BOZLN  6Z0€6SH°0  A° WV MS 18 Loowllt L6L° ozy TELT 90§TM-  TLMTO 91TTL- T €509+ zL'08T  A9n"L6LLh  €909SL4°0 9 MIA An LE
S SgL 66L'  zEw €yt K00z~ ZZ§'0 ZL9TL- € EETLE- €GN0 @ENTLISLN  OLOWE9H'O 98 WDV d) 08 §51° 061" SLET  Gnl*  LS8'l-  nSTO SLLTi- 0L Gh'ew+ 98°8[Z GEE'g6LLy  ZEEGLEL'0 9B LD X 9E
3 L9t opi fon S0 h9zti- SE6°0 Z06'0- 8 MIEh-  KE'SSE  €6C'BLION  OIGSELN'O A% aNI A 9I WLt 0zzt ket ZELT 068TM-  0ES°0  9MSTi- L SL°99+ ZH'€SE  86h'8n90h  €H@6LLY'0  9® 031 1S £lL
m z'0 991 w6t mEnt  gTLT 6LLTI-  MLET0 Ightl- 9 €S°SE-  ZI"€E0  0LZ'60ZIh  TOSLLWNTO 9B dvd AW 6L nS1* €81°  L6ET  €€1T  [69°1- 6SH'0  Lowtl- 8 90°LS+ 627597  904°IBLLh  ZEHEYZ9'O0 9e 031 S HE
m €22°  8L1*  Swn  9LL*  09Z'L- 66Z°0 980°1- 0 hB'8l- 9n°8S0  OMELIEGE 6£29zLn°0 98 130 XQ 1L 161" 902"  weh" Lt €16°1-  O4S'0  89S°I- T 9O+  66°SLT  LBETISHLN RELOZLH 0 9@ 1§D LI 11
M S8l S6LT  LEn'  €nl'  1Z0°T-  HES'O  €99°4- 0 g6°HZ- BOTEWO  Oww[Zilh  69BLI9ETD 9 OV W 8L 6nl*  S0Z°  hOR' Q€L 9ZI'Z-  06%°0  SIL- 0L 90°6h+ 86°29Z  gE'HTWLW  OEWZL9°0 9® 031 AL TE
m LT 00z zzvt zwlt RE9TL-  SIS'0 M€= € £0°Z2-  29°SHO  USZ'96LLh  HSOZ0BLS'O 9% OV LMEA LL 691°  6LLT gyt SLLT 958°i-  6LET0  €09°1- L 09°80+ 9L'4BZ  [9Z°ZEnih  4EEELST0  9° T AV €
o gnl®  €1Z° 60n°  LEL*  08T'Z- 0150 S16°L- 8 08°0E- Z°TEE  [GE'€Qllh  9LEWHGIN'O 9 AVd NG 9L 910 bz 06ET  Shit 129°1-  ZLE'D  [BE l- 9 B0°ZZ+ 767997  £0E°SM90N  SEOEEHLST0  9e  INV M ZLl
m SLL*  wOZ'  LERT 190" Of4°(-  90S°0 16071~ L 61°6l- LE'SL0  SHy°60SIh  €98LNLLR0 Q8 W¥9S OwWA SL i 6Lt €9n 960 1gZ'l- 18100 86L°l- € 09°0k+  €9°SEZ  O00E°MGELN  0869MZE0 o X3S L Of
hn. W st lge gsgo- 6w (el @iz- sTTose  osesozzy  GGR9IET0 0 ML WOl T 10zt 9SI° it zalt GIET0-  49Z°0 6hit0- O EL°9Z+  0S°9IZ  Z9E°G69LN  SH9EBLID S OND  ZA g2
oh €10 02z wow'  BLLY €16°1- S8T°0 [nE'l- 9 95°SL-  OL'8SE  69E°00SLh  0HZE6ES'O e WD £imA €L L6t Lzt enwt SLLC 9ni'z- SIN'O 068°l- € 9Z'01+  62°Lnz 2L Z9ELY  HwSOBH'D  9°  dnd €8 92
c.||~. SLLT wiT MEw OLLT 002°Z-  LEET0 9L6'L- S S+ KO'OWO  GBE'EEQLY  ZBIGESH'O A%  W4O SSWA oL 061°  mEz'  Swwt  nlit €6@°l-  £9S°0  EEwl- | wl'Wl-  nz'@ST  96Z°U9ELy  €9nLOGE°0 9®  dnd HWH ST
w HSLT S6LT 06E  29L'  giml-  Z6E'0  ELLL- UL 28°L0-  SZ'RSE  OLET0BIMN  S6BZZH9°0  9® WIS SLOA L 91" 661°  zomt  08l°  [S0°Z-  KBE'0  O018'l- 6 96°2Z- 65°69 6SE'SE9LT  BOLLEL'O 9°  w¥d NI kT
m §hz' 061" L0ST  gEz"  €8LTl- ONL'0  €n8'i- 0  6Z'Zl+ 08°[20 L[9TMELLy  6ZLOOEL'0 S WO L9SA OL Z sgl®  11Z° it St 0S9°l-  4gz'0 89N L- €  SO°SE- Ow'OnZ  [9EH69Ln  1/S@Ln0 98 100 AN €T
< oLt olzt 9zht  8SLT 66S'L-  LES'0  owe" € mntzi- QETENE  LLnTISILY OEBRISHIO 9% wwv S 69 Lo6nlt 6gLT  L6£  EELT  0€STM-  ShwT0  O04Z'l- 8 BLiwE-  LL'MZZ  6BZ°TILLN  BELWIBSTO 4¢ 431 N 2T
9617 S02° EEyT 6LLT KSRTM- 9S40 ZLSTL- b 0080~ 6LTLSE  Z69°/6Liy  @SSTZ6H'O 9% 00S 069N 89 Loselt zizt Azwt BELT LIgTl- M0S'0 SESTl- € 19°6E-  §9°[ST  6WH'999Ly  LLEOMM0 Qe dld N 0Z
ISETMzZzT o WgET 9LLT OLETZT- U9ET0 960°Z- 0L 0L'Li- SSTOEE EEETZESIN  STWOLL'O A AWd AL L9 Lozort Se1t gomt @S SSTTl- 0L20 0g0°L- L 6N'ES-  9zMEL  09E°€90zn  GSLELLT0 Q@ w3 AS 91
z 00z gL' 60w Sui*  SOn“0- L 92°10-  95°9SE  OES'6LZEE  6LLZSIL'0 S 03S SOLA 99 651°  €£12°  zin® €61 960°L-  Z0n'O  Zwg'0- 0L  SB"6E- 80°69L  662°00€ky  9EELIS90 A lw X §I
861" €02 Llw' 6L1'  928°1- 1OW'0  K9S'L- T gH'00- 4Z'LSE  BRET9ZILY  9ZEELTN'O  Q® 03§ WEHA S9 S91* 81’ €Ewt 260 wIZ'Z-  §0Z'0  SL'Z- 0 18°8S-  8H°Z9T  GLYTEE9Lh  O0GRELLE'D o ¥ g €L
161" 612 L9n"  01TT  191°Z-  SHS'O 908°l- 9 §9°91+ HB'ZZ0  6SE'ESGLN  HISEOSH'D 98 HWAO 1S 9 0L 081 €yh’  SBO°  6L0°T- 10Z'0 696°l- L 29'Ih- 6S€6T OCH'€66ly  IELLGTTO 2 1AW a1l
et s6lT LisTdzzt zgti- 66170 ZWLTH- L 66700- 6LTHSE  6979Sqln  SGEIEZE'D > 005 Lgnn €9 W91 90z°  Somt L€' €00°Z- [gE'D  0SL°L- b SE09- 1z'8LL  69€°4l0Zw  LL090MS'0 9 130 ¥ T
98L°  91Z°  hmw  01Z'  §81°Z- €O0N'0  616°M- § €L°Sz+  €5°Z60  6SE'SZLh  £29LLSS'O  G°  HAO ZSHA 29 G1° 9glc won gll° 09E°l- S50 HE6'0- § 00°€L- nue9lz  ZSS'h9GLh  OZENSEN0 9¢ W04 S5 6
Se LW S R0gl- w0 @i b LWl 0TweE ey ISEORLEO 9T v Mg ssi° wei €ew 6ot Sill- L0z0 Sill- L 6gLL- 90T SSSTBISLT  O9UED o S A B
651" 02Z' zzw'  ewl'  ZLS'h-  OWS'O  0MZ'l- § 6066+ ZZ'SE0  £65°9nyln  QELESSH'O A®  WIH XA 09 w91 €81 S6E'  Lmi® 991l  SGE'0  hZ6'0- S  06°6S- €S'€Hl LW In6ly  €STOESS'0 4° 130wy L
e e MM“ N“”_ PooweI 06O TSN RIOL6E0 AT MO Swih 8 10§91 0wyt Lort L16°1- 6L1°0 €€8°1- 4 00°6h-  90°66 [GET096L%  6@9S0MN0 O oL WY 9
T 61 1610 Bow K9l g60'l- LIS €SL°0- 6 nS'6z- On'B0E  Ln6-6loln  0SZ9TMS0 9% 100 AN LS Loo9skt 01zt 96E"  OEL'  [98°1- €540 [8S'1- L ZL'ES-  99°10E  Win“TwZiw  66ZZ249'0 d®  ONL A
WgL'  £0Z'  iww’  MGL®  gR@°l-  09n°0  £8S°i- 9 1B°9E+ OE°110,  19E°80SIw  1LSSIgn'O ¥s AV 95 991°  w0z' €66° LE1° 6Z2'Z- ZE6'0 020°Z- L 68°79- 99°001 9LN'GESLY  16IL6TST0 4% ISd MY L
0 v
¥ Q-2 (A-n <N-8> <8-A> <A >( x!=> sV q L ' H3043 aoiw3d 3dAL uvLs ON ¥ 1-8> <M-n> (n-a>  <a-A> A \( x!—.> sV q 1 HJ043 aolvad 3dAL uViS OoN

$O[QPLIBA SRIAT WY SY) UO UOHRULIONUL [RISUSD | 3[qRL

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

“WoSAS PIBPURIS AU} 07 PAN) SBA JBIS 9Y) YOIYM UI S)YSIU JO I9qUINU 9y} SUIejuod (N) uwnjod jse[ oy I, ‘(Ksuaqur) o[or U 000 JO SITUN Ul ST Yorgm AovInode 119Y3 4q
POMO[[0] YoBS ‘SINO[0D pue ssauysSiiq 44,1794 9Y} UIBIUOD SUWIN[OD U} }XoU oY, "OpeUl a1om J[qBLIEA 9} JO SUONBAIISGO YOIym Ul s1eak 9y) pue ‘(14 ) waisks 4g) uosuyof
a1 uo ssomySiiq 9y} ‘edA) [exoads (I Y} UIBIUOD SUWN[OO 321U} SUIMO[[O] Y], ‘0°0061 Yyoode ayj Ioj oIk S9JBUIPIOO)) ‘7 UWNJOd Ul WAAIZ S Ioqunu (TH S ‘9[qe[reAe jI
¢sSUO[9q Ie]S 90USIRJRI Y} YOIYM O} IB)S S[QBIIBA dU} PIJEIIPUI ST UWIN[0O JSIY Y3 U ‘(SIeak JUoIapjIp ur '§'3) Ie)s 20UIQJAI SUO UBY) SIOW PEY SBY I[QBIIBA B SISBD [BIOAJS U]

LSt € zoit 16Tyt 1 EI0°  18L9°0- EL°TL SSTL 60 €S 65~ 7°6S €2 €2052Z NI OV
T ror 7 180" 1€ 1 110- 1 IE6°0 It ss'y OV v L1- 9°8S €2 Zelszz 390 ma
TS wSE 0E 961° 9 weE  1S8Z° [ Tv0°I- [T S €160~ Il E€Z 6y0EIZ WY ST
S 10zt T €ElT UL L 6L0T T WT0 89 99°9 T osyov- Loovez  Tlogzz
Or Tiez' SI6LI" € EEET Tzt € 8E9TI- 89 60l Leoy- 0%zy €2 Tt ooel* z oSt 1 10E° 198" T 020°0 w69 8 95 00+ ¥'6S SI  TLIvgl 395 AV
€ €29z T 06l°  €OE' [ L2 I S¥8T0- 2 S6'8 09 8T Tv- 6y €2 6LEETT WA XS € 1 et 1 welr 1 sew 1 g0 1 zezoo e a9 o 580+ 8'6v I ooszyl 398 IV
€ TolE 9 veIt €9 1 69T T SII- w29 81 91 01- @€EE€C €11Z7T V¥ € 1 szt 1ot 1 se Tewe 1 wezeo 2w ors 05 16 Ele sgy St Lozzvi 398 KV
v ozzzzt oL IsIT T 60ET 101z T Iewi- €L Tr0l 09 6z Ly~ §°0Z €T O0IL0ZZ N MY ¢ v ooszt L set v ossv 1Lt 7 o1t w ere B
€ 106zt w1t TIEET 1 69T T L66°0- It 26 09 0 W~ 9ELEZ 9E@6IZ Y NG T o 6t co6r i
S 1Lz S 6yl° 1 yies 1 s81° 11L0% 1~ €L 5°6 T4 6E 85- 7°80 Lo1612 ongy 2x v 4 29z St zLn” ¢ 9z¢° € 967° v oLtz n 8z°z1 1S €2- €£°62 S q11 99
€ Uwelt S eyl 186zt 1 9BIT [ 96v°I- w ssol 0€- 8wz Y 08 ¢ 7 sizr ozesic v e £ 1s1C S 086 i 8 2801 oz s0r  nogz <1
voziszT € SEI' 1ze 18w €SI 1L €98 s s'ey ez 802 BE v T siet ol selt € 19 7 sere £ 208 1 e ger il 0 0+ L8 1
€ zset ol 88l" £ LE L e L T6vI- 1 s 8y w9 1'sE 2T n19 MY T 7 esst v sz 1wt ey 7 6220 w5l 03 ovcor 78z St wwegel 198 WV
z s oiz” T o € Loy* z e Z $89°0~ 89 95°8 v 1€ 00+ L°%E ZT  0L9%1Z s 1 soz 1ozerr oviye 7 680" | 789°0 I 91°¢ SV 7r 70+ 9°€T SI 868LET 135 XA
T colst T 9EET 1669 T ey 1 8ZsO- 89 I8 S szior TIE T Sienie U s T ot 1w 1zor 1 1z0%0 v 619 o wzon- o6l st wecost  dni ma
€ €zt o180z z6zeT 120z 7 895I- oo 90 10+ £€€ 22 by x0 w7 omr L 9z 7w 1ew z 0s9'l- 099 96°or 10 80- €1 <t
v eI v S80" T SSET 180" 1 SE9%0- e 60 80 90+ 9°01 7T 67zl1z  %ed HA ¢ 7 sior L e ¢ 6uLc  1ses 1 z8270- e ene o4 2080- Z€l ST OI09El  4FT AL
oTsmowossopume zom G- oo £0 90~ £°95 1Z by 71 € 1 sat v vt 7 @06t 1 lSI© 7 €86'0- €099 166 © v+ 860 St 205 av
€ et L 1y 1 owr  LESE' 1 €0L°0- 1L ese 0¥ wlov- €wy Iz zisLor  nad 1M ¢ 1 zoi ¢ ozt 1 e 1gsor 7 780°i- w s o s o~ 66c w1 casszi  sdv AL
79 ELyT STOSET  LEZST €00V T 6ETI- 99 vl ey one e v o100zt T vEl’ 1 €6€T 1 601° Z 991°0 [T € 6090~ Z'II %l SIGWZl  ITA XX
voowIvzt o1 0Tz S 6ZET € 6y S 016I- 99 1911 6% 20+ 6°0€ 12 vz soer o108+ 7 sset 1 ter 3 2 156 6 te oEs g1 oog 20
w1z € oenlt e LS T £66%0- €L €6 09 Ty 20+ 662 1T 10¥S0T 3BV XS €1 ooglt 1 zvc f 9v 1280° © 10870 g o .zwane gew €1 gesizi w0 seva
©ose s e cle Tow v 0T 99 68"l 9 S1- 'l 1z 2L is1- 6 soi- £ wee zesor 1 szzi- o o6 B T
Toweme Lol 90 Tale € sl 99 i zsi- o'z ¢ ¢ szt 4 oglr T e TSz 7 008 1 " owent 0 62- gy €1 i xa
9 Torme g om TOE L fwel- 6 Wl 00 G5Sl- 6z e w0 2 v T osslr L se1t T Siet Tes & sworie W ene o lcce- 697 €1 6oLl 3% &Y
B € oruEos S SO g LI U6 0 ey~ LOlIZ ooz W oo oz ol e o L6 7 emr ¢ 9660- o sz o v 9o 86l 61 859011
= w M M”. M Mww. MMMM w MMM.‘ MMH”H “ MN.M_ ov MA” N“H W.MM ”M 88910z ”NM v o7 owse’ T L6I' T g8t L €6Z T 180°1- €L €576 S5 8c 90- 861 €I 669911  ITA AV
9 U iyt 01 zsTT z €46 L 1zy' 1 S98°0- u 678 S 8z 60+ L'SLEL  peESII  ITA AV
Sy 629" O LEET € 6ILT 1 w2ST 1 8§9°0- 89 0s°L o 6z sv- 1°90 17 969102 9 T wez' 9 €L T 9 L LT T L91°0- 1wo9e 81 87 ST- 9°€Z T 16380  PAH AS
S ylISL" SILEST L LE6" T 969" € 89870- 89 €6'8 oX L1 sy-  S'€0 Iz €OElOZ L € T 661" 5 syl v M€ T 691" € 1L6°0- €L LT°6 S4 1100+ 0°€0 ZI  06ESOI 1T o
T usslt v 901" Z oSy 1 660° L BZETI- 1L 61°0L OV 6y SI- 8°95 07 28100 490 AX S 1 zszr 1 seit 1 0% 78wz § 620 € 99 05 cv60- €'€v 11 wsz0l 3 X
s w80z oz el  vaIse  zou' S e9Li- 99zt 60 21+ LTy 0z z ¢ st v oosr € e zoz w 071- o <6 @ 11s 67 11 o001 15
S €6y w66zt € eSS 1Sy € 6zei- 99 88°6 €0 zi+ 67Ty 02 120 xa ¢ 1 soir 9 61 S 1set  Lwszs L sor'l- oL o1°ll 1y 00+ 0767 11
€ 1801 T 10" 198" 1800'- T 959°0- Io1s's 68 80 €0~ 0°EE 0 9vS961 BV WV ¢ 1 szt € s+ 1 108 190z 1 Sen0- e gos a1 6000+ 7z 11 69z001 o1 §8
S orEe v owe 1S oy 1 sieto- 89 60°6 toor 7oz oz €z S0z T vyt 1 SIE 1891 T 685°0- w o ws €1 €€ L= €1T UL £Tn66 a
8 zolzY 6 syt E£seet  LI8lt 1 ZL9%K- zL'99 o'l €100+ €77 02 Y 196A € 7 owize 7 et 1 owe 1w 1 werie @ g9 24 8z s0- g0 11 vl oo AL
€ 191sT v 0zeT 1 18ST L ivyt v veriO- 89 108 €9 7099~ STy 6L 11898l v v opr orwzlc 9 e oSt 1 o8- 7L €Ml 6 69- w6y o1 Ton av
9 T1zz® 1 es1® 190w L €Ol° 1 98T°0- zL'89  LS'L 0% 67 €9- 9wy 61 veELEl A% NQ ¢ 7 corr ¢ s61° ¢ seer  Tesrr T 006 l- or  sodt of s- 111 o1 v xm
€ zews S Lect w09t 1 L9y 6 0ZE0- 89 09°L © ol vz- 69z 61 vzsest € ¢ vz o werr 7 e Teize T 6rotie B 4 ovzor ziv 6o L1css s 1
€ 1061 v 660° ¥ LEv 12E0° € 010°I- 8 6£'6 OV 05 €Z-  Z'ST 61  709E8I Z v e+ 1 ot 1 oor 1 L0 Z 661D e oo o0 96 60+ L°7€ 80 9leeL .
vooUwozt U ozo1t L SHET LWLt T E9ST0- [ 7 24 81 vz-  1°ST 6l wisesl  IBS Owwa £ 7 wT L 0Il° T ¥y  £090° € £95°1- w ot 1z 6~ L6t 80 dng 5a
Uorso oz LIt L 8ET 1 L00°- T 96Z°0- [Vt OV v ov- S'9S 8l SZLOLI  TLIK € v €9z- o S61° 7 €66° 197z’ Ol 0Sh°l- W o o veal 20 dng M
€ zov' oLwol'  Z 0N 1€20° T 89LI- T 0701 TV 6y 6~ L°6E 81 9SEELI  VAD €InA € 1 sel* 1 eIt 1 owr  1g%0° Z €810 e €l 6o €16 %0 01ZIS 189 1
€ Tzt S 991 rzeer L 86lt 1 ELTTI- €& z00 s ru e udo scvn ¢ ¢t 6 et £ 96’ vzt T 866°0- e sl w - £ez1 S0 109 1
T 180z o welt L IvET 1 S6l° T SI0TI- 1woo8es 81 vE-  6°90 81 185 5L90 U iz 6 om0 osew 110 T 6060~ €07 €16 o 07 1z- 905 0 <IviE &1 0
T Tzt oL 9El  zEes L 9ElT 1 0ISTI- 1w serol 20 10+ L7€5 L udo £95A Tz oweir 1 o1 T sze' 19910 1 £0zi- W ess 81 00 (G- 1Gv 10 0SOIE ow n
€ 1oLty vt LWyt 10w L ETi- 1L €Ol OV 8T 6w~ SIS LI THSEIL WA S Lz et s 610 € sse zzzic g LL0- wi'tl €98 o 6 - 790 €0 czast R
T oTolz 9wyt LSy T E0' T 9S9T0- EL'7L 618 T SEOr-  LU1S LI 6LSE9L 095 069A ¢ 7 selr v o1t T owee 1ot 7 Sito- LIl 6zl i Szols 0°€0 €0 oSl v ox
ToTaslt stovtt o zow o zaot LISTI- woal 8¢ 29- 76 LI 74 AL € 1 sz € S T 6lET Tt T 820°I- iwows Sa €z 8- 87 20 9E6Ll 113 18
T 19T 9 L1t LSy zEn’ € 666%0- w o'e OV €126~ 9'WE LI 60Y091 09 €OLA Uz ose 1 et ¢ esv 795z swzio- o e o1z 6€c 0 ogssl A 8
v oTaw S ot TSt €8T € ETNI- 1w ovot ¥2 1e- 8E Ll 095 967A o 7 0zt v 991° 1 6zt 160z T weI'l- e o0g'6 v g0- 622 20
7 g0z o810 T TEET  190T° 1 ZOICI- €& 096 02 %0 10- €67 L1 OE651  udo IS e 1 90zt £ os1* 1 196 1w 7 €oz'l- cl'8y  98°6 @ 80- 677 20 1 7
€ 11" 0z SOt €8T v 6OIT 9 SISTI- 2w <90t 67 ve- 6Lz L1 035 187A 21 g0z 1 sel- 1 w1600 1 wsiv0- e wes o £08e- 96020 89Ict 204 55
v T8z § 910 € 9MET T 6STT T 60LI- € 096 0z 1+ Lzt udo zsvA ¢ v sz L osC < e Tevr 7 v i- e w0l 9 06— 0°7r 10 195 1S
€ Tz v esIT  1svt  LSut 1 Eweo- T 1T'6 TV 91 99- 025 91 9S0ESI Vil MM ¢z miz s et 7 s 160" 7 2080 o g o w0 l0r Tz 10 1866 200 W
v €Szt OF €0z° € EEET T SETT € 8YS'I- oo €€ 81+ 1797 91 28 XA T 1wz v et T see TSl ¢ whiio- e s @ 9t 8- 101 10 s628 ot W
< v Tz SIseZ  ywe £t 7 22el- nwoeent or s0- 8781 91 udo Sova 6w lei- 1 ewc s o 1680t < 198°0- 2l 10%6 o 6 g9~ 0°€S 00 gv9c —
% 9 €90z° wiogvl' v wOv T el v vesTi- T wol Sv €8-  v'6s St 300 a1 £ € evzt 8 SO v wIET  Lyzzt v 620°1-  UUIL 196 81 07 20- L9000 9nL osa 1
N 18 H-n A wax A as 0081, 006lg a TIEVIIVA N 1-8 H-n n-¢ €A A wax  fa as 008ty 0061, a FTAVIEVA

SIe)S 90UDIQJIAYL ¢ IqeL

CISyEC Tag- D YRV L/6T

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

355

&
S
3
7
Q
£
=
5
]
~
o~
=
.8
S5
G
5
|72}
(2]
g
3
o
—
3
2
3
QO
o
=
5
-
g
.20
-
G
15
(72}
=
=
<

"(8961) 10XQISUIE AN 10J R9M “(PL61) USINOH UBA

10] yLH ‘(0L61) 18d 10} (Ld ‘USISPUSD) UBA I0] DAY :9IB SOP0OO I9AIISQO Y],
‘ydeid yoes Jo 13Jo[ Y3 03 PAJedIpUI SI

onjeA 93BI9AR Y} SINOJ0D JY} pue sSawy3LIq 2y} I04 Q['Q JO S[BAIOIUI JB 138 AIE
9JBUIPIO PUE BSSIOSqR SUOTR SUOISIAIPgNS oy T, “spremdn Suisearour ssauan|q 1o ssaulysLiq
¢(Kysuaqur) Sofgy Jo syun ur wsAs 41,1794 PIEpUBRIS oY) UO INOJOD IO SSAUIYILIq SI
euIpIo Y], "9[0Ao 9)9[dwroo suo Suipnpoul z'( 01 §°(Q woj ‘oseyd Jy) SI BSSIOSQR Y ],
"3 BIBP 9] Ul I9quInu

uonBOYNULPI JY) PUB J[QBLIBA Y} JO SWRU Y] ‘'Y ‘IOAIISQO 3Y) I0J 9POd B ‘S[RWIIP
1oy ur porrad 9y} :USAIS 9Je J[QBIIBA UOBD IOJ SIAIND INO[0D pue Y3 9Y) 9A0QY
-o08ed 10d UMOYS 1B SIB)S OM], "SI[qBLIRA Y} 10] (44 — /1) SISBO [BISAIS

ut pue (7—¢) ‘(N—g) ‘(d—A) ‘g ‘A Ul $9AIMD IO[0d pue JY3IT Gy 03 T SAINIL]

[ a3y

A st 1~

ol g 0270 o1'o 59" 1~
-.s .
1 o'
1-9 g-A A
88 4Oy A2 2 9ny 01900 =d
R oro e, UPPTRL A i X S ’ . 52 0-
M-N n-g g
Tt TTY e :.1....8.\ 010 ...;..... ' .............. s1°0-
1-9 g-A A
96 3Hd XS 01 9AY 068500 =d

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

¢ 2131y zam3rg

}
-
—
. L=, e u.\ ., 4. . R e gz T e T e R s0°2
Pei o oo fma s sl s et ] 0270 o Ut 74 on'o : N, TPV L Lo o BT E - .
g, I e, ; S . B e
L /{ - e
M-n n-9 g M-n n-8 g
—mp o et ST R
L oo, s PP e ord o vmad 0270 .t'..f\_\ Rt e YT ‘ ..)..((n.! asot- . 02°0 . 060 E S
; //\ o I - -
//(m o v v
O
m 1-4 g-A A -9 g-A A
. L6 Hoy s8 0 9AH 8L6L'0=d 0L HdO L9SA 0 9AB LOEL0=d
—
\\!!II/
. . 02°0 ,\\ll.”/.;tl.\..il.\il\la.n/z oo :;/ ... sh-o- L. . e 0270 . e Oho0 IR .........:.............:.... 55 0-
T “ wt it )
.....
R o
M-N n-9g g M-N n-g g
i ST p IR R Y
e . . . Jseo- bares o et 89555 s e ] 02 or'o 3 sn-0-
e o] 02°0 r{.\\ ll/..l\\ o' Jf/ : - 020 it T s,
.~ R
oy P
O
-
g-A A

LlayEl 6e. L SRV L6,

IND ZA

0 9AY

78L10=d

99

03S €0LA

ZSL0=d

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

¢ am3ig y 23,y

357

P, Vi 050 By, i N 511

oy

050 5 1=

4
< s
& P — \\/
3 B T e T WU AT 9 N , oz~ hronrrmossion aomtactapmnrnroed 7270 P e A 010 / . so°1-
& Ay Pt gond g i) et ~. o] 4 o
5 et e
—
[
=4
=
.2
59
B
@? -9 g-A A 1-8 g-A A -
m 1L IAH 89 L 9AH 1L820=d L8 93d HO T 9AbB SGSZ0 =d
=3
o
e
=}
2
S
vone
- e~ K
= ; .. . .
< - Y "~ ¥ .
& . . 020 TS 08T B : b 597t P R PP e ot \<... .. .\tﬂ._‘
= . N g o’ ] : AL L AR —— it
1Y) DY .
[
—
o
w
<
)
<
M-N n-g g M-N n-9g a
-, -
o ?-(.. .
. i, o b < . . . 020 Rt o' s T, afse 1
e R L VS R M St OV o I AL P NPT ] Reltdad e aeda i e
ety % B O N
-9 g-A A -9 g-A A N
€8 42 ZA 0 9AY G€L20 =d L7 43S dY 8 9AH 17620 =d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

L om31g 9 a3y

\\l«/t... - - o ——
0s'0 / -, se 1 . e 02’0 T on'o AN, se-?
[RAS e, NN ed 087 ; 4, - R R ; v, -
g™ Mo e [ e o L "
. . e A
M- M ”
M-N n-g g M-N n-g 8
\\\t.efl?» -
. Vo s . - . ’ . P AT af g .
s e s o 020 ey niped 0170 M., n\.\\.\ \.).tss. A o010 e ¥ S T .\EL........:...;. o010 h .'.9. ) s2'2
P, r ;r...\. E
o sty
el
.w 1-4 g-A A -8 g-A A
_ 0€ X35 1 € 9AY £72€0=d €l 143 48 b 9AY €LLED=d
; ; N i s
et % e T R
...tc..n: g t%.\i * oo I .\mu.o. : s ono N nf s0°2-
/ / : i
.. ; "
/\ s Syt e
M-N n-9 8 n-g 8
\u...l(fr \.r(....u.\
R SR A NI 050 " s N £
. . Aseo- R SURRAJIPTLN L7 Y I -3 R o 02°0 . . s 1-
ovo L .\\;3);( LA /l\\. .///l\\. 070 g it o, - ..o..‘. LN bim o e, N ..ﬁ.\.. .7 .".uf. .
Sy i
o0
-
g-A A

0l REIEL] 9LH 96LE0=d s 811 92 1 9AH 690€0=d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

6 231
[
W
on
i, N
Y e O
s W s , s6°1-
T ! Y
. ; .,
S ]
M-N n-9g g
w
=
3
7]
] i S IRt D o1°0 s oo \inllr .
W. horses oo & \x\t.f.\ Yy L J zf.r‘ s6°1-
- ey ]
=4
-4
3
L
s
B
n -4 g-A A
m 8 198 AS L oAy 9LLED =d
5]
3 et 4=
3
e}
=
o
Q
e
=}
< .
m_ 17 .c.........._.a..,s..;.! . o
.8 C a3
3 K
[
o
1]
]
=]
<
M-N n-9g g
.
.....f....,.(q\.:\.. T P
e e .0z 000 rd A, 6" 1-
A RN L Sy ey oo S : -,
N o,
vt Nt
1-8 g-A A
oY bIA NY 9 9AY 2€7€0=d

LlayEl 6e. L SRV L6,

g aInJrg
bt
2 b u.. /.'
020 b . Ll ] 0800 K 51
2 ...\,....a. . \.\,...i. A 0, ™ .a....t\z
M-N n-9g g
~ .
\
\-. Lf‘
. N w . ... -
R S WEtr [l W v o] O f(.....«)\ .{(e\cimu v
4
-9 8-A A
66 anl oy S 9AY ZEEE0=d
e,
.. ™,
"N 50°2-
~ .\. '-:l
“u P . o
M-N n-4g g
Pt v,
M R T N T S e z,.!:..,l(..cz.\ Wty el 0240 ] P ot
5 i ; .}
b v,
e st
1-9 g-A A
€9 PREA:LT 1 oA 16Z€0=d

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

[T om31g

J. Lub

-
s .{’lclf
Jf. .
./., RETRE
N \i ;
LN N
n-4g g
- .4...«..0 ke
) >
PR ! .
L A \..\f.?\‘... \.‘ @ ’ lf 7 e
Y, # Y, o W,
ed od N N
L) -~
1-4 a-A A
19 Byl MY 1 9AY 07L£°0=d
\/..»il ~
! i
: -,
: N :
A oo qsre-
-.\
h S
. .
L Y
M-N n-¢g g
.»A.GI ~
AR, AR 3 LT 3
5 \vv...v‘wovvf.. By . .).}lc :
S 1 {010 : \ 0°2-
I-"-ﬂ.t -.& .. / .
] %o
K K
vt Lot
% %
\ v

LlayEl 6e. L SRV L6,

RLCECT

0 9AH

819€°0=d

01 2m3Lg

-, e
-.v\l-‘.k
-»l-.
o
274 ono s2-2
v W
n-4 g
el hed
BAENER .
\ 0z'0 st 4020 s02-
\r.l\. Pl 77
N RS . .
. kY
Y v
1-9 g-A A
87 a17 Al 2 9AY 96920+=d
. L. AN,
owred RS ST P
. t a2 e onvo . 3 s0°2-
a0 7 ™

N S0 FIIRE i i o6 ! SN, ; .
S oo b eI N, o170 P N 561
it i y S kY .
g -
1-9 8-A A
Nl WY h OAY LS07°0=d

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

€l

a3

361

) 1 Jse1-

oo ¥

w
=
I
[N ; N, ;
< . {5871~
W. ! )ﬂv !
e | h H \ H
kY .~ 1Y .\
M ;4 ; ;4 K
G v v
°
sy
5 L -
° -6 8-A A
m S9 DJS hEhA 2 9Ab €4270 =d
3
o
b
3
2
nnw . . ”\..r.ic \n 1
2 b, N, P .
< \ M vw....__.. \ . % !
& 0e'0 A A A oo /f + 0tz
5 -
3 3
s ., Y
3 b v
=) Vi Vi
< H Y
M-N n-g 8
Ny g
\}‘Ianf_\f u.l \‘ (n(lﬁ \r
o YO o LU SRS LI S N
= oty nd Ky ; ,,
: Y
\’& . ”
ot o
v N
-9 g-A A
€E LHI M 2 9AY 0er0-=d

LlayEl 6e. L SRV L6,

1 omS1g
F A
S
a_...)..-...._ [y ...J,.l#,‘.ra..\_ 0s°0 . f/ . e
Tt T / :
v " .
N ¢
\
LY
A"
M-N n-9 g
..:-?f A
L. 2w . h : e i
LA, b
it . s 0z'0 S ) 0e°0 . \JJ; R HE
J({......\.\& !‘s{k«ffr‘ ..\\ . !
1-g 8-A A
9s HdD ShhA 2 9AY 0L6€°0 =d
Fan
~J j\ \M‘n
% 56°1-
3

[ R M B e, L
A o, : K ;
i, it ozro ) ™, {oro [, ;ofsei-
P vm&. it \m,? ) "] d .d. ;
A
’-.
¥
-4 a-A A
14 dNd HH 1 9AY L06E0=d

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

1 om31g 1 o3y

Aaorn A A
P \%&J . % \ .. ; R o ! N

. R e ‘| :
LI Tt one " nt ozt oo - oh'o : .v/ s0°1-
.m.v.Rov.)..fﬁ._a.‘.. @.ﬁ on'o ; / ; st | Y, . ; )

i i ‘w\lvn..q......m.. VAN ] : ;
H ' 010 0z'0 fa, : . Hsor-
My, R N A

{
,
{
<
<

O
2 1-8 g-A A
= 69 BYY S € 9aY 6157°0=d 6L dyd AY 9 9AH 8L770=d
—
e Ja
! " ).il 2
% ‘.- o : :
% LT LY - ; il
5 ez Py ,.mﬂw-.u. AJ ono : Pz
v . :
A 1 .
% M :
3 3 :
[y Y M
L v " ;

b %
Cere et o vﬁaﬂ&.ﬁvm&:}%.‘ £ ; /..: Ddasiges 0z°0 / ' s_.\‘ o010 )}.« imm 1
-Ji\...r"u...\.,.v..?,.'..!.\s....u.i\...rw..ﬂ e ,_)q(. X ../).II. oz . . e x \wv»\ 2 v
v vy 3 N
A As "
\ N
5 y
% \,
’ ”, . .
Q i i
e
@ -8 -1 A 178 g A .
79 HdD 1S 9 9y 70S7°0 =d (4 N € 19 7077°0=d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

L1 am31g

363

Atlas of Light- and Colourcurves of Field RR Lyrae Stars

. EA ),
H <s_r|.‘u H
1.{./
JJ .. S1°2-
\
- v
A v
% %
Vo Vi
¥ ¥
M-N n-¢g g
o, o,
> !
. g
: ey
. .. .
%ﬁvk.&.uh.“&eisc 1 0270 Nl a ~y 02'0 . A . Jset1-
Prve” gl 7 \7?}........_1 ; L N
Mo V] 5 5
a..(” 'r(..
-9 8- A A
08 by 42 € 9AY 7€97°0=d
.n.é!l)l/r g
: A
a....nau.. mﬁﬁ»ﬂ 0s'0 : ./ 1 et
; E . Vo
V. i
i i
v v
M-N n-9g g
ot >
FoRRR s, 74 ! ..e.# !
k. t.\.vn...\!..m._\..,....“.v...j% 020 !:Cn -/..{M o1'o : “ B
/. H /. H
v, oL
\ \ o
Vi \;
A ~
1-9 g-A A
18 4Oy MS 8 9AH €6570=d

LlayEl 6e. L SRV L6,

91 23]

71 ——
BTN T
XA Kt 0s°0 .f. s8°1-
feos AL : Vo
R o T N ] N
LRl 20T ! : vl
- y
Yi Li
I ¥
¥ v
M-N n-9g g
wf..dsfr. .\.v
\-\.ﬁ\(&. ", . .»4‘. l. :
zf%a.«ﬁ«.i&;.arf.#g o ~/ ..,, i
L
Y
]
1-9 g-A A
09 H3IH XA S 9ab 78570 =d
.,..f....,.rf 4
i 3 i
. /.- .. SE ‘2~
5 N
.. .... .-fo- ....
\ \ i
k) k)
n-g g
= S 4
N e N
: 5 :
.. -i .. §1°2-
1 1
% kW
\X; \Xi
1-8 8- A
L HdD SShA Y 66570=d

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

61 231 81 2Ingrg

. Ry
aﬁ?‘l@:&; uﬁ!.y..ﬁ‘. fu-,

557 1= on'0 .- .- Sh* 1~
N/ W,
\Y] v
M-N n-g <] M-N n-9 g

¢ {ser1-

Y ' L Y ey .
s . 02°0 i/ /.\ 010 N Dofenas P A TP NPT 020 L e Aoz
i g [N i N SO

-

-
o

FEY A 1-8 8-A A

L 9AH SLL70=d L 730 X0 0 999 92L70=d

J. Lub
-
I
m

SL ¥9S OhhA

™ ™ N

....?\\_ifttaf ...ﬂ\\ on'o s8°1- ! .r..a/ S A
..“ : Y
; o \
. LN AN
N N / ; / ;
\: \:
N . N
M-N n-g g n-g g
Fon, &
~, s . v POy i s
proorrees g P, W ] A
; 02’0 ! !l oo H HEE TR R CAARCETEE I 1] . I .5 020 . . . fsere-
P ] = o ", : : i L Na%\ T ......qré. me L .ﬁ ,
] ! "/ i L %
: : y ! 5!
k¥ kY N 5
<t
A
1-8 g-A A 1-8 g-A A
LE HIA NN ¢ 9AY 96470 =d 9L AYd NO 8 OAY 78970=d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

[Z 231 0z o1y
v
e
o
P
fan, NN N ;
» X on'o ) ’ Sh*t 581
W
: i
M-N n-g g
»n ' P
M N, A m}r\?f ;
fe }§ o : b
% 02°'0 02'0 521 01'0 0z'0 ... ./ Sh* 1
I8 A M N PN o i ~ \ r ¢ -/ '
M /..).\ /2« N N N/ \ i i
I % Ao A V!
3 5. r\ —N
k=] N v
Q
=9
k)
P 1-9 g-A A 1-9 g-A A ]
m L ONT A 8 89 96470 =d 8€ BAH AS Y] S8L70=d
=
=]
it
S
..m .wi.iltf../ ..ﬁ
< : N
N o 020 | e s, 10870 ™ s
Z A7 e TN \
3 LR ke /(. :
2 \J
wr
=
=
<
M-N n-g g
oy A ...)r!\.\(..i .l
SIDRTLISENE PAOT L R o W .)r?[/l. oro ! ,../ e
r(\s r(\.
1-4 g--A A -9 g-A A
x4 00 4 € 9AY 6847°0=d €l 031 18 L 0Ld 08470 =d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

€z om31g

~¢‘}« i
"y K
AN
N
0s°0 . S0°2:
*
y
b
N kY .
f- f- N
i [
A A )
\ ! \ !
Y Y
M- n-g g
i i
.\#u%»...u.... -4 020 ff u.s..( ..srsv.’fx -\.., 020 , . f/ e
v v S N
\; \
..\. -\.
o)
A -6 8-A A
_ 95 43S Ay 9 9AY 94870 =d

r.).ﬁn.ah ¢ /NN .m.!k..ta.ri

0s'o /\ * < 50°1-

M-N

N
o /\// /\8.?

LlayEl 6e. L SRV L6,

dn7 M4 LH

<7870 =d

(AASUEIE |

N 0s°0 .

16" 1~

}fr #
g sHloof BN e
. 5, 5
s 3 0
A Y] N
Y ¥
1-9 8-A A
56 yoy ug € oAb 61870 =d
..\....‘r,.fs./ /]
. )f " sere-
, .
\ \
b L
\) )]
- ~
n-9g g
M, M
M .n..(x. J
ey s . . : e
i .:,.a‘..,u R R SR R AT o . M, LT
4 . P B : s
o N N
Y] kW)
ki ~
1-8 8-A A
9z dnd eg € 9y 50870 =d

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

ggamgiy g 31y
~
3
AN y
i, - i |>r. i
PN ! !
- L) - —-
Lo Yo 3 Y
. 4 Y
W ¥ . !
v \
M-N n-g 8 M-N n-o 8
a P
mm N N i i t»jf,. «.\_ ] \\, ~ N N\
% g - : -\-ﬁ : . ot'o 0z2'o H\ ~.).. \v\ S8 1~ . 02'0 n\"“/\..‘ 01'0 .. )/ .. SE*1-
.m, L e, 5 3 w, N Je N e By WL M / . .
\0{.. =i N, N A LR
M 4 4 - v
2 v v
=
P 1-8 g-A A 1-8 g-A A
m 4 13 24 h 9y 90150=d 6 ERS 8 9AY 95670=d
=}
3] .
=
5 :
2 4
5]
] ) ~, A
9 i N N, !
: F ] e
< %, HECES R ks
...ol.m.e J./ \ K
— N, - .
s , | .. \ :
15 ..r : \ [
7] H ., .
m Y y ..m
n-g ] M-N n-9 a
i, A N e T 7]
7N ; g7 LT 0 " N P ey :
! bl 1 Jsov2- o010 ¢ ..f«ﬂ.&?«ff 4 02°0 . / . {ser-
; y, H ? % 4 : PR
. o o S L \
%, A N A
P Y Y
-8 _ 8-A A 18 8-A A .
a7 Sdb AL € 9y £106°0=d 99 035 069A ho9AY £2670=d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

LT am31g 9z 2m31g

AN
s02- ﬂﬁwﬁlﬂwhﬂﬂuﬂna .ﬂ& on'o s8°1-

" esenl Wl ] 1 ke
N g 84 T A ~ i
H

)
3 1-9 8-A A 1-9 a- A A
_ 1€ 13A 4y L 9AY 74280 =d € N33 66hA 9 oAb 2250 =d
= =
i i ke e o
..lf/ ; ; vJ...{\a i
: s, : : i :
. dset- N =, Do{sste-
/; .. B ur.v
\ = 3
N N\ N L4
L L -, “,
\ A e
A Ly .
J J N
; :
M-N n-g 8 n-g a
: Iy
: /
AS A, ¢
e ia..re.agsu . M.X!f}:( Moo . ~ o1~ nea-
-,/ i S L :
N N . ”
L3 L . .
hd hd H H
1 i
’ r
S
@ -8 -1 A 78 -1 I
95 ¥3s Ny 0 oAb 12250=d 58 nyo Ly L oAy 22150 =d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

67 2m31g 8¢ 2131

D
O
on
M, X
y, ¥ b !
.r.ﬁa:.e «.. /; M s2°1- HERES
: v
b g 3
/.. \:
Y \
;
M-N n-¢ 8 n-8 8
%) s %
4 Sy & n A
& P VR S ;
m 020 ..Il’!al/ Moo \ ..u / .... s0°1 %L&w.m&*ﬁ%ﬂ 020§ -.A.&wﬁ..h%d {T 0z'0 ! J#f . s6°1-
..W. " v ([“\ o&\ \ v s J.J .\ / \
h : ?
- \ \ ; '
=
2
s
B
@ -9 g-A A -4 g-A A
m L5 130 AN 6 9AY 92750 =d €S 817 AA 9 9AY 6€€S°0 =d
3
2
s
2
o
< At A 5, 4
e i ! A . "
s % 5 .. 5 o5 A S
! e 512 CEREE I Y oh'o N J qeee-
me o T G L ../. ;
3 o o
‘s . . .M.L. Jr.\
w . .
o [ '
=t Vi [
< ¥ v
n-g g n-g g
s N Ry ik o L |
o ;1020 r e s,..l o010 ..~ i s s0°2- . . | oz0 [ \‘..1. }....vfi..... - ot'o ..v‘ ey ...\mw.w.
WA W w w : : it e R Kl O d : N
. .o L3
M, “.
LY L
f;\ f(.
. .
% %
-9 g-A A 1-8 g-A A
78 unY Xs 6 9AY L5€5°0=d | 25d AH L 9y 1625°0=d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

I¢ I3ty 0¢ 231

bt Y gt 07 N .1.\\/ o : N —
i RGOS wWheneary T W T 1 i

. ) . : &, “. ~ ... :
SR 020 \ T, 0z°0 H L7 HECRE . 0z'0 / = / {oro : B

)

<
-«

o)
.w 1-8 g-A A -9 g-A A
= 1y 130 AH 01 9AH L1LS0=d A 130 Wy S 9AH 0€S5°0=d
1
N LS
4 wPwn, L e
- et fot. Y
N R s : .
Py se*2- w - ¥ w *f on'g s [3 . fsere

— S — — -
i, ’” . ity R
. e . 503 hoos . A
PR P AP o, o . *, R 4 220 R L. . . e
Pl S S ».s,\ : ,c.....q\ e L A : 00 M s f..t... ore : U
. . 5 ! o ! " ! . .
= . B Y
\ Y S . %
) 4 Y/ Y/
K v
.m
o = - .
-4 g-A A -9 g-A A
£0550=d

29 HJD 25VA S 9AY 24550=d 68 ny9 My L 9AH

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

¢ 3Ly z¢ om31g

~.“. T T
3 . . . .
oL, . .
. 3 PR . , ) | Lt ..... .
" )] c X e Xj 1 ¢ o e K .._.”. ._._._. X .
Y ? 2] 020 E; ol Y 3 or0 H - HES NS NS QRN “.*] 020 . ot A ono ‘. st 1-
: . T el : : i . ‘.
AR o s o ’ . ; ! " ' '
f . . vE .
. \ ' f
[N v o
\; \;
. v v - . .
M-N n-¢g g M-N n-4g g
Corgpertetee ey . v Chenee 5 , 1
e 0 i, AT I 1) * 591~
S P Y T PP S SR T e e .
' . L3
f .
“u "
RS SSIEYFR W R =

LL oY ThEA € 9y 08.5'0=d 428 LINY AM 9 0ud €745°0=d

Atlas of Light- and Colourcurves of Field RR Lyrae Stars

N
E /
. ./r.)l...r
L L N : ™,
o o . 2 Ve Flsz-z : kS o
. R o Y] ; L, - ! 3 :
R W .ra.\m.cﬂ.l Rl e W J..l -. .f/ \ L ; ...,.
¢ ' S (S (S
. 5 ) 5 )
! ! hi "
v L 4
H H
" \-l\
n-g g n-¢g g
>,
X Nt o, P i E ~ A
Frn et SWEmEN S ek 2 J....}.c 2 L 4 Kw—...r.o.... A ; .fi.z..l :
’ o010 . 0o [ N N oy ez o g Ve v P20 Frpl Frpt {010 : &J..! s sive-
boe oy "M N, > . xS N L S
> o o J W ]
H H .7 LY
> - ¢ ¢
.

IS 43S 4y 8 9AY 16450 =d 98 oy 21 S 9AH . 2L45°0=d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

¢ an3ig g Ing1g

~ A Ed B
X N, ‘ et g
. 020 ».S.f..n o ...\..v...._a&sﬁ ono : > D fsre COTE LU / PREES
3! e ) N . A {
" PN ; R s \. 7 \.
- B \ sl.\_ a»(_ m. B by 3 1\
;
M-N n-4g g M-N n-g d
I /
LYY !
\..6.}..{“" e, \J ..ahl.-.l.... = ? j . i : ../- ;
ronmes ot o g 020 o £ {0t .\V(/ Doz Bosaigiptsd D ko] 0270 2 W, Aozo Pu, f “w . & fseni-
R T AP f/..,\.. ; pramigrrs 5 g e ot o “od
J J
Ly
e
.w -8 g-A A -9 g-A A
- 76 IHd AY 8 9Ad 7965°0 =d 28 IIW 2 h oAb 6985°0=d
N, A
» rd *
1 " PINRHE e A L4 ono . 5871
- i e 4 \
k) )
M-N n-g g M-N n-g g
|
|
N, N
LT S ~ .\ e AL
_..lu.lr..r. i {020 o010 \ lf}ll. .\ 551 . - ey oz L, o 010 '... ss 1
N N/ :
A%
\ AY
o
on
-9 g-A A 1-9 g-A A
& BYI £1nA 9 9 £685°0=d 2z 431 n 8 9y 51850 =d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

Lg damdig 9¢ o3y

on
C~
o
..vr. » ™y
M H
f' T jsee © e
\.» .
5 : ;
\ \ . .
5 v o vi
kY v v v
M-N n-g g M-N n-g a
~. ~
: “amp : ~
. - , !
NN e A . >, . WAV AN 1 VY et Y & i H
b RN N 0 e i oo : }r 1 ¥ AN o K ..\. L_. o ..}(f.ft HE—.
L L e, S A i >
x Y h N
v v H H
Y Y
-8 g-A A -4 g-A A
6 INL AL 8 9AY 06€90=d € 037 ss 8 9AY €9290=d

! qset1-

ﬁﬁf -~ Jn&\.i.}. ¥ . . Mo iome A
et WS % . s i
.n..... 4 % H oS TRy s uum.u.... oo H /’ :qfeere-
i ol : ok

Atlas of Light- and Colourcurves of Field RR Lyrae Stars

[ A A /\ ) e L T R R N i v

€6 HOY NO 8 9AY 8€€9°0 =d 86 132 0n h 9AH 19090 =d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

6¢ 231y 8¢ oIngLg

H...?.... \odwr.x ey

TN E &
R SR e

:/\1 .f/\

J N
A

e}
.w 1-8 g-A A -
. 72 H9S SL9A 11 9Ab €2790=d 01790=d
-
I »
Py ! b pins, &,
S S o ; ~ ; : *, !
oW ' { osv0 " ....a*&?\ RELLE : 3 1 o{se1- ¥ .
s, s & hSpSAS b . . LY .
w.\‘- a P T 7 3 ...c ;
" “ ' > .
\ \ i ¥
% A ./(w ./‘.m
M-N n-g g n-g g
7’ Id .
v ' e
. My A
.. : 02°0 rl_ X/ 010 N o Jss- Jav ez
O SR O : -/ : : L
\ Voo A
5 \ 54 S
i i
K K
S
« -8 8-A A -8 g-A N
7 nL M L 9AB 22790=d [ BAH A4 L 9AB L9€9°0 =d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

375

Iy 2m3ig

oo

N e/

Mv\ ~..
Y :
N
. .J/ 522
: \
LY
\ ! \ !
\ \
\E \]
\ \
n-g g
# p
o . . . y Y ;
g BT g e SN ey ! e,

w
=
<
S
w
]
53
-
=4
-4
=
.2
&
[
° 1-9 g-A A
m [43 037 AL 01 9AH 82.49°0=d
=]
o
=
=]
2
S
el 7]
.M o o ; .(.‘... :
N \..-._3 .o \....n.\.v . "o
. D i A T IR N Ll 3 s1-2
= AN L h /./
%0 r r
A N, S, 7
= L% 3
1) v v
8
=
<
n-8 g
«
5&(.‘\:.} N
-,
LR Al .. 9 0270 9 e, 02°0 56°1
Tn\x«.:iﬂm\.\.tu»ﬂl. ..fa\s.l % {\S}(ﬁs\ f{hl r.f an f/ﬁ. ..n
A A
v v
-8 g-A
YIA AY 9 9AH 6959°0=d

LlayEl 6e. L SRV L6,

0Op 2n31g

i

yoes ¥

08°0

N

Vs

"

S0 1=

1

14y X 01 9AH

AY
\ \
\i \:
¥ v
M-N n-g g
....‘fz.../ N
oy, K ! !
A L. {2 rlf\ '.«.fﬁ\!. 010 ! ff ! dsent
i L AR P S L
LY A\ .
) )
1-9 g-A A
7 008 An .01 9Ab 80590 =d

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

v 231

B
s 1-9 g-A )
. 0s H3S AA 6 9AB L7140 =d
—
R e
- o - . o . -
VL R Dty e ono \ 1
. N
/. i
A
M-Nn n-9g
e, e P Newsin,, 4
o1°0 N ot ....Il.fi. 0z°0 /;/. , 521
v v \
\O
~
on
1-8 8-A
9L 143 AS L 9AY BELL0=d

LlayEl 6e. L SRV L6,

Th2Im3ig

16

1-9 g-A A
L9 [CERPY 01 9AB 70LL°0=d
Fhy y
Tt
: ,
/(
Y “ Tezrz-
. L
(W) v
? P
n-4g 8
: ..(<.A<.
WA AV,
b A N, ./-W
020 | S = o010 T s12-
T 1 o L. 4 LA E o
o e b, g d o, s,
’ ' ' N R
.'_.r.x. #:.
- b ]
-9 8-A A
4oy 08 9 9AH 0769°0=d

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

SIS | ¥ 231
7
N
-~ -
s ¥, B
r..m. P, i
...one . Y, ¢ jsees on°o )./ | ez
" b . .
kY : \ :
A N N
.. .. kY ] \ !
3 v s Nl
' ' \Y) v
\ \
n-9 g n-g 8
» ) I M)
3 “F . p
a . ", . \ Nt N X : i
. B paa Rl REE : : o
g PECVU P L T SN St N 5 R N
> e g Sy - t ot oo N
s} w l a Vi i \ \
[ 0 \ \ / ¥
& ) N ¥
=
.2
S
G e
° -4 g-A A 1-9 g-A A
m S7 HIA XX 6 9AV 87€°L =d 7 HYI NI 6 OAY VLELO =d
=
jo}
—
3
2
(o) N, A
&} P, .. ..
E P W s ;
« J\k#, »\\\f.. . e . PR L0 P, ..Nl// i
' R W - {omo . / . {s61- B "1 oet0 i i4s0e-
£ L S S N \ ; ~,
oh g C g . X . ,
3 : H i K 7
2 \/ A A
S v v
w
S
=
<

ir.&.&'.m‘rv.e.uﬁ.\g&u 02’0 .’4!..- ’ II{:\A 0170 X . /./ .\ 5871 ’ o1t 1{\3:}"\\.‘ ’ ..I(\. )....If\. s

SS H3s 1Y 6 9AY 997470 =d 9€ 143 X 01 9AY 8Z€L0=d

LlayEl 6e. L SRV L6,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1977A%26AS...29..345L&amp;db_key=AST

FT977ARAS. Z. 7297 734510

378 J. Lub

NOTE ADDED IN PROOF
It has been found that in table 1, for DN PAV, <B-L> should be .155 instead of .148.
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