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Abstract: A study of the colour and magnitude systems of a photoelectric photometer attached to the 60-cm re-
flector at the Skalnaté Pleso Observatory showed the colour system to depend on ambient temperature, while
measurements of the atmospheric extinction revealed the presence of the azimuth effect which attained sever-
al hundredths of magnitude. An interpretation is given of the photoelectric observations of three RR Lyre type
variable obtained recently at the Skalnate Pleso Observatory. New elements of light variations were derived and
a secular change of the period of W CVn was found. On the basis of the photgelectric observations and using Fer:
nie’s method, the distance modulus of the investigated variable stars was derived.

1. Introduction

The Slovak Academy of Sciences Astronomicai
Observatory Skalnate Pleso is situated in the High
Tatras 1783 m above sea-level. Its coordinates
are A = 20°14’42”, 0 E and & = 49°11°20” N. The
main telescope of the observatory is the reflector
600/3300 with equivalent focus 10 m used from
the year 1943 in the Skalnate Pleso Observatory.
This telescope was produced by the firm Zeiss
Jena and during the years 1928 to 1938 it was in-
stalled at the Astrophysical Observatory Hurbano-
vd (formerly Stara Dala). To the year 1966 it was
the only suitable instrument for astronomical ob-
servations at the Skalnaté Pleso Observatory and
was used for various programs, primarily astro-
metrical. The first photoelectric photometer was
installed in the year 1961, later it was modified
and is now used for photometric programs. Since
the year 1966 the telescope has been used for as-
trophysical programs only. During the years many
thousand observations were made of which the
main part was interpreted and published (Tremko
and Sajtak 1964, Tremko 1964, Tremko and Vany-
sek 1964, Mrkos et al. 1968, Tremko 1968a, Trem-
ko 1968b). This article contains the data which
are cited in previously published papers or in the
papers in press, and also the interpretation of new
observations of the RR Lyrae type variables ob-
tained recently, mainly at the Skalnaté Pleso Ob-
servatory.

2. Photoelectric photometer

a) Optical and mechanical part

The astrometrical programs were made in the
Newtonian focus, however in the course of the
night astrometric and photometric programs were
switched several times and hence, it was neces-
sary to construct a photoelectric photometer with
regard to these facts. The general conception of
the photoelectric photometer needed some special
adjustments and, therefore, the individual parts
have been solved not only from the point of view
of their function but also of their assembly. The
fast convergence of the beam of light in the New-
tonian focus and the difficult manipulation with
photoelectric photometer in the focus during ob-
servations in some parts of the sky, required an
atypical adjustment of the operating elements.

The photoelectric photometer is composed of
these functional parts: optical system, basic desk,
revolving disk with focal diaphragms, revolving
disk with colour filters, remote alignment of fil-
ters and photomultiplier tube housing. The arrange-
ment of the individual parts is evident from Figs 1
and 2.

The optical arrangement is based on the exit
pupil system, which enables one to measure ob-
jects of various structure and thus the performance
of the photoelectric photometer is not dependent
either on the position of objects in the focal dia-
phragm, or oa its form.
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.Fig. la. The photoelectric photometer of the Skalnaté Pleso Observatory.

The optical system is composed of a Fabry lens
and control eyepieces. The quartz Fabry lens with
a focal length f = 23.753 mm at 4860 A and a cross
magnification of — 0.00711 projects the entrance
pupil of the telescope on the photocathode of the
electron photomultiplier tube in the form of a small
disk 4.27 mm in diameter (Hajda et al. 1961). The
internal arrangement of the optical-mechanical part
prevents any light refelection. The Kellner eye-
piece of the viewing field with a focal lenght of
30 mm and a field of view of 30 minutes of arc is
furnished with a crosswire and a prism, which can
be pushed in and out from the optical axis in the
perpendicular direction. For focusing the photoe-
lectric photometer and for positioning a star in the
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diaphragm, a control microscope with a cross-wire
is used. The control microscope consists of the
microscope objective with a focal lenght of 15 mm
and cross magnification — 1 and a symmetrical
four-lens eyepiece (Hajda et al. 1961). The mag-
nification of the control microscope is 20-times.
The rectangular prism revolving about 100° in a

plane perpendicular to the optical axis of the pho-
tometer and in another ome, perpendicular to the
optical axis of the control microscope is inserted
in the optical axis during the check up of the po-
sition of the star in the diaphragm. The diaphragm
in this position of the prism is illuminated by means
of a small cystoscopic bulb and is switched on
and off with the motion of the prism.
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Fig. 1b. The 60 cm reflector of the Skalnaté Pleso Observatory with the photoelectric photometer.

The system of assembly of the base plate with
the photoelectric photometer enables one to focus
the optical system and to rotate the photometer in
the position angle too. The last function is impor-
tant when observing at the Newtonian focus near
the zenith. The base board carries also an adjust-
able voltage source for the illumination of the
cross-wires and the focal diaphragms.

The revolving disk with diaphragms is situated
in the focal plane of the telescope and has 6 po-
sitions with 5 diaphragms. One of the positions is
without a diaphragm as a prevention of illumina-
tion, outside observation. The data on focal dia-
phragms are found in Table 1.

Table 1
Number | Diameter | Diameter Remarks
mm sec. of arc
1 0,4 25.0 used during moonlight
2 0.7 43.8 most frequently used
3 1.2 75.0 u.sed for measuring
diffuse sources
4 1.9 118.8 u‘sed for measuring
diffuse sources
5 3.0 187.5 used for measuring

diffuse sources
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Fig. 2. The scheme of the optical part of the photoelectric photometer; 1 — the revolving disc with focal diaphragms,
2 — the revolving disc with colours filters, 3 — the control microscope, 4 — field eyepiece.
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The focal diaphragms with a large diameter are
used primarily to measure comets. The electron
phototube is protected against illumination by the
cystoscopic lamp with electric contacts, whose
function is synchronized with the motions of prisms
for the control eyepiece and the field eyepiece.
The revolving disk contains the standard filters
for UBV photometry and radioactive light sources,
which are used for some photometric programs. The
radioactive light sources are composed of a radi-
oactive and luminescent mixture applied to a circu-
lar metallic base 14.5 mm in diameter. The lumi-
nescent material ZaSCu is irradiated by natural
uranium (particles of Radium B, Radium C, Ra-
dium F). The light characteristic of the radioacti-
ve light sources, used by us, were published by
Tremko (1969). Table 2 contains the data about
the colour filters.

Table 2
Number | Filter Eff. wavelength 4
1 UG2 1 mm 3592
2 BG 12 1 mm+GG 13 2 mm|4318
3 GG 11 2 mm 5456
4 Radioactive light source
5 Radioactive light source

For the observation in the Newtonian focus the
photoelectric photometer is equipped with a mech-
anical remote control on the base desk. The guid-
ing around zenith is done by a guiding telescope,
equipped with a micrometer head with motions in
two coordinates. For observation in the Casse-
grain focus this latter adaption is not necessary.
The photomultiplier housing enables the electron
photomultiplier adjustment in the axial and radial
direction, and so, it is possible to project the en-
trance pupil on the most sensitive place of the
photocathode. The electron photomultiplier is pro-
tected against external magnetic fields by a cyl-
inder made of a treated mumetal. The space around
the electron photomultiplier is kept dry with sil-
icagel placed in easily exchangeable cartridges.

b) Electronic components

The electronic part of the photoelectric photo-
meter is composed of the electron photomultiplier
tube, voltage sources and equipment to measure
the output signal. The electron photomultiplier
tube was originally fed with a dry battery type AB
120, which keeping to the technical conditions of
the operating regime, guaranteed a stability of the
high voltage to 0.09 %. Later the stabilizer type
NBZ 411 was used .as a source of the high volt-
age. The divider of the stabilizer enables to ad-

just the output voltage in the limits from 400 V
to 2000 V in steps of 10 V. The short-term sta-
bility of the output voltage is 0.05.% correspon-
ding to a change of about 10 % of the input voltage.

Most observations were made with the electron
photomultiplier tube type RCA 1 P 21 whose spec-
tral characteristics was published by Tremko and
RizZidkovd (1960). Since leads to the anode and
to the cathode on the socket of the electron pho-
totube RCA 1 P 21 are close to each other there
is some leakage of the photocurrent present, which
affects unfavourably observation of faint stars.
In order to reduce the leakage the anode pin was
isolated from the socket of the electron photo-
multiplier tube. Because the observatory is sit-
uated.at 1783 m above sea-level, the mean yearly
temperature is +0.9°C and as the best photomet-
ric nights occur during the fall and winter season,
the electron photomultiplier tube does not require
refrigeration.

During many years of work with the photoelec-
tric photometer, several electronic diagrams were
tested, all on the principle of the d.c. method. The
last modification is a recording potentiometer type
EZ 4, produced by the firm Laboratorni pfistroje
in Prague. The recorder enable’s to measure and

PHOTON COUNTER EZ 4
RECORDER

1P 21

)

NBZ4iH
HIGH VOLTAGE
SUPPLY

l

Fig. 3. The electronic diagram of the photoelectric
photometer.

record signals with an accuracy of 0.2 %. Its lim-
iting sensitivity is 100 pV for the full deflection
of the pen. The stability of the zero pojat is 1 uV
and the chart width is 280 mm. The speéd of the
registration- can be regulated in the range from
1 cm to 1060 cm/h. The multipoint switch can ad-
just 16 different speeds of the registrating chart.
The photoelectric photometer’s electronic diagram
is represented in Fig. 3.

The input to the recorder is formed by a set cf
the woltage divider resistors from 0.5 'to 1043.4
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kOhm. With the combination of voltage divider re-
sistances and a change of the sensitivity of the
electronic recorder EZ 4 it is possible to measure
stars in the range of 12™, The ratio of two neigh-
bouring sensitivities is approximatly 0.5™, which
allows the measurements to be made at the max-
imum scale déflection of the measuring instrument.
In this way the error of observation is not influ-
enced by a lower resolving ability of reading of
deflections if made in the second part of thescale.
It is possible to ghoose the time constant of the
measuring instrument by connecting a suitable ca-
pacity parallel with the input resistance. The pre-
viously mentioned electronic scheme was used in
the earlier stages of the operation, later the input
capacitor was eliminated. In the last case the ap-
paratus time constant was determined by the dy-
namic properties of the electronic recorder, nzme-
ly, by the time reguired by the pen to cross the
entire scale, which is about 3 sec. Since the val-
ue of the input resistors changes with time due
to various influences, it was necessary to check
the ratio of sensitivities at different stages. For
measurements of bright objects a mechanical di-
aphragm was used to reduce the effective mirror
surface. The photoelectric photometer is connec-
ted by two coaxial cables with a recorder and
a source of high voltage which are situated in
a room with controlled temperature. The dome and
the room where the electronic parts of the photo-
electric photometer are situated, are connected
by an intercommunication system.

3. The colour and the magnitude system

a) Colour system

By a suitable choice of the electron photomul-
tiplier tube and the colour filters it is possible
to make the instrumental colour system to approach
the standard one so that the spectral range and
the effective wavelengths of the two systems dif-
fer very little. In this way transition from the in-
strumental to the standard photometric system be-
comes easier. In order to preserve the photomet-
ric system stable all mirros of the reflector have
been aluminized by a special technology so that
the reflective qualities changed very little with
time. As mentioned earlier for‘an electron photo-
multiplier the RCA 1 P 21 was chosen and the
Schott colour filters listed in Table 2 were used,
The transmission of the colour filters has been meas-
ured and the transmission curves and the spectral
sensitivity of the electron photomultiplier tube
have been plotted in Fig. 4. The curve @ in the
Fig. 4 shows the spectral sensitivity of the used
electron photomultiplier tube. The maximum sen-
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sitivity at 4200 & has been standardized as a unit

value.
The effective wavelengths resulting from the

transmissivity of the colour filters and the spec-
tral sensitivity of the electron photomultiplier tube
have been calculated and are listed in Table 2.
The transmission of the colour fiiters used dif-
fers only a little from the catalogue data. The in-
fluence of the red leak of the colour filters UG 1
and BG 12 on the value of the effective wave-
length is negligible.

The inaccuracy of transformation of the instru-
mental photometric system into the standard photo-
metric system is one of the limiting factors of the
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Fig. 4. The performance of the photoelectric photome-
ter. The curve a denotes the spectral sensitivity of the
photoelectric tube.

accuracy of the measured colour indices. The aim
of our program was not only to determine the trans-
formation coefficients,but also to study the sta-
bility of our photometric system. The transforma-
tion equations for the black body radiation have
a linear form, however, the general transformation
equations for the stars do not have this form. On
the other hand it is possible, under certain sim-
plifying assumptions, for instance, with approx-
imately the same value of effective wavelengths
and spectral band windths, to apply the linear
equations with sufficient accuracy. The trans-
formation coefficients used in this treatmentare
as follows:
B-V)T=A4,+4,(b-v),
(U - B)" = Ag + A, (u - b). M
Together 25 stars, mostly of luminosity class
IIT and V located in different parts of the sky have
been observed on 8 nights in order to determine
the coefficients 4,, A, , As, A4 for transforma-
tion of the instrumental b — v, # — b photometric
system to the standard UBV system. Table 3 gives
the following data about the observed stars: the

© Astronomical Institute of the Slovak Academy of Sciences * Provided by the NASA Astrophysics Data System



number of the stars according to HD catalogue,
the name of the star, the spectral type, the val-
ues V, B -V, U - B of Johnson and Harris (1954)
and Johnson and Morgan (1953), our values of
(B =.V)t and (U - B)* and the number of obsers
vations.

The B - V colour index is expressed in thou-

sandths of magnitude and the U — B colour index

"is given with an accuracy of hundredths of mag-

nitude. The relationship of B — V and U - B val-
ues in the standard photometric system and in
our system is shown in Fig. 5 and Fig. 6. There
are no systematic differences between these two
photometric system.
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Fige 5. The relationship of the B — V and (B - V)+col-
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Fig. 6. The relationship of the U - B and U - B)+c01-

Table 3
HD Name Sp v B~V U-B B-wn w-nB? n
1280 v And A2V 4.61 +0.06 +0.04 +0.036 +0.14 13
6961 vCas A7V 4.33 +0.17 +0.147 +0.14 +0.14 13
9520 7 Psc G8III 3.62 +0.97 +0.76 +0.961 +0.82 4
10476 107 Psc K1V 5.23 +0.83 +0.50 +0.826 +0.41 5 .
12929 a Ari K211 2.00 +1.151 +1.12 +1.157 +1.14 5
18331 HR875 Alv 5.17 +0.084 +0.05 +0.78 +0.12 4
21120 o Tau G8IlI 3.59 +0.89 +0.62 +0.891 +0.57 3
28305 ¢ Tau KOIII 3.54 +1.02 +0.88 +1.005 +0.82 13
30836 7 Ori B2III 3.69 ~0.17 ~-0.80 ~0.165 -0.82 4
37043 ¢ Ori O9I1I 2.77 ~0.25 —-1.08 -0.236 -1.05 4
69267 f3 Cnc K4III 3.52 -+1.480 +1.78 +1.468 +1.72 3
71155 HR3314 A0V 3.90. -0.02 -0.02 +0.005 +0.00 1
74280 7 Hya B3V 4.30 -0.195 ~0.74 -0.206 -0.72 3
103287 y UMa AOV 2.44 0.00 +0.01 =0.001 +0.05 3
113139 78 UMa F2v 4.93 +0.36 +0.01 +0.332 +0.01 3
139006 a CrB A0V 2.23 +0.02 -0.02 -0.010 +0.05 1
143107 ¢ CrB K311 4.15 +1.230 +1.28 +1.237 +1.27 1
147394 7 Her BSIV 3.89 -0.152 -0.56 -0.193 -0.58 4
161868 y Oph A0V 3.75 +0.04 +0.04 +0.088 - 3
172167 a Lyr A0V 0.04 0.00 -0.01 ~+0.060 +0.03 6
176437y Lyr BIIII 3.25 -0.05 -0.09 ' -0.055 -0.01 4
214680 10 Lac S09V 4.88 ~0.203 -1.04 -0.232 ~1.06 17
219134 HR8832 K3V 5.57 +1.010 +0.89 +1.007 +0.84 10
222368 ¢ Psc F7V 4.13 +0.51 0.00 +0.526 0.00 6
104774 M2V 8.98 +1.48 +1.09 +1.485 - 1
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Fig. 7 and Fig. 8 show the relationship of the
difference of the colour index values in the stand-
ard UBV system and our photometric' system as
function of stellar magnitudes. A small system-
atic difference reaching 0™ 03, among the stars
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Fig. 7. The difference of the B — V and (B — V)" colour
indices as function of the stellar magnitude.
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coefficients
Date A, | 4, As As | °cC
1963.1X.16/17 0.486]1.111]-2.122 (1.036|+13.5
1X.17/18 0.516)1.095|-2.019 | 1.003 | +14.5
1X.19/20 0.512|1.110(~2.034 {1.028+10.7
1X.22/23 0.469/1.088|-2.072 [ 1.027 | +10.0
X.29/30 0.440]1.044|-2.204 |1.072 |- 1.2
X.30/31 0.4941.068(|-2.008 [1.004 [+ 1.1
XI11.2/3 0.480]1.074(-2.032 | 1.012 |- 3.4
XI11.3/4 0.487|1.121]-2.152 |1.079| 0.0

cients on the voltage of the electron photomulti-
plier tube 1 P 21 is negligible, since except for
2 nigths, the high voltage on the tube remained
the same during observation (Tremko and R&%i&-
kov4 1960). It is inadequate to explain the changes
of the photometric system by slow changes of the
detector, oroptical system components. The trans-
formation coefficients in dependence on time
changed differently and perhaps only the A coef-
ficient could be expressed as a monotic function
of time. On the other hand, it is evident that the
transformation coefficients 4, , A,, As , Ag are
functionof the temperature. The coefficients A ,and
A, are increasing with temperawre as follows +0m,0015/
/deg. and +0™ 0019/deg. respectively. The trans-

Fig. 8. The difference of the U — B and (U — B)'colour
indices as function of the stellar magnitude.

brighter than the 2™ and stellar magnitude exists
and may be due to fatigue of the photocathode
when measuring bright stars.

The stability of the photometric system has
been carefully investigated. From Table 4, which
shows the transformation coefficients values and
the data about the ambient temperature, it can be
seen that the instrumental colour system has been
changing in dependence on the temperature. As
a matter of fact, there are several reasons for the
colour system changes, and the effect can be ei-
ther selective or nonselective. It is possible to
detect the reasons for changes of the photometric
system by a detailed analysis of values of the
transformation coefficients.

The last column of Table 4. shows tne mean
temperature during the observation.

The dependence of the transformation coeffi-
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Fig. 9. The dependence of the transformation coeffi-

cients on temperature.
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formation coefficients As and Ae are decreasing
with temperature by —0®. 0028/deg. and —0™.0015/
/deg. respectively.

After correction for temperature, the variation of
the transformation coefficients could be due to
a selection effect of stars of different luminosity

classes on a given night or to observational erros.

The dependence of the transformation coefficients
on the luminosity class of stars is generaly known.

This fact can be verified by comparing the values
of colour indices of stars of different luminosity
classes in the standard UBV system and in our
photometric system. The mean error of the (B — V)t
index after elimination of the star a Lyr from the
observed group of stars is equal to +0™. 019, the
mean error of the (U — B)t colour index determi-

nation is approximately 2.5 times higher. These
values refer to the external mean error as defined
in the paper published by Johnson and Morgan

(1953), i.e. not reduced to a unit air mass. The
values of the mean error for some stars are influ-

enced by unfavourable observing conditions, na-

mely, that the stars have been observed over the
whole sky and at zenith distance over 60°. Thus,

the coefficients A, and A, were determined with
an accuracy of 1.2 % and the coefficients A5 and
A¢ with an accuracy of 3.1 %.

b) Magnitude system

The transformation of the stars brightness has
been made by using the relation:

Vt=A+C.V,+DB -V), (2

where A, C, D — are constants,
Vvt — star brightness ia the standard photometric
* system,
V; — yellow magnitude in the instrumental photo-
metric system.

The transformation coefficients A, C and D have
been computed for stars of all luminosity classes
fogether. Because in Table 3 there are only bright
stars, observations of stars in the galactic star
cluster M 45 have been made, on a total of 6 nights
in order to define the scale of brightness in the
instrumental system. Most stars were observed at
least on two nights, The mean value of the con-
stants are as follows:

A =+0m125, C = +0,976, D = -0.082.
The constants A and D, as well as the measue-

ments of the spectral sensitivity of electron photo-
multiplier tube and of the spectral transmission

of the filters used by us show, that the spectral
response of our photoelectric photometer differs
slightly from the characteristics of the instrument
by means of which the V magnitude of the stand-
ard UBV photoelectric system has been defined.

The manufactur of filters cannot guarantee ra
standard filter transmission such as is used in
European countries to reproduce the V brightness
in the UBV photometric system.

The photometric data obtained by observations
of stars in the galactic cluster M 45 have been
collected in Table 5. In the first column of Table
5 is the star number, further its V magnitude taken
from the paper published by Johnson and Morgan
(1953). Vv indicates the brightness in the stand-
ard photometric system, derived .from our obser-
vations and n is the number of observations. In
the last column of Table 5 is the difference of
the brightness obtained by Johnson and Morgan
(1953) and of that derived from our observations.
From the last column of the Table 5 it can be seen
that the mean error of the star brightness deter-
minations during at least the two night of obser-
vations is +0%02,

Table 5

Hertzsprung \4 vt m.e. v-vt| =
No. A ’
542 2.86 2.84 +0.02 +0.02 3
870 3.62 3.63 +0.02 -0.01 4
126 3.69 3.70 +0.01 | -0.01 4
156 4.29 4.24 +0.04 +0.05 3
117 5.45 5.47 +0.02 -0.02 4
150 5.64 5.68 +0.05 -0.04 3
255 5.75 5.79 | +0.03 —0.04 4
265 6.41 6.38 +0.03 +0.03 3
436 6.80 6.81 +0.05 -0.01 3
540 6.80 6.77 +0.04 | +0.03 3
569 7.68 7.68 +0.02 0.00 5
534 7.76 7.73 +0.02 +0.03 4
924 7.96 7.97 +0.03 -0.01 3
28 8.24 8.20 +0.04 +0.04 2
206 8.58 8.58 +0.06 0.00 2
597 8.77 8.77 +0.06 0.00 2
993 9.14 9.13 +0.01 1
108 9.82 9.88 -0.06 1
213 10.12 10.09 +0.03 1
385 10.20 | 10.19 +0.01 1

The observations of stars in M 45 extended o-
ver a scale of brightness 7™5. Observations of
variable stars show, that the accuracy of the de-
termination of star brightness by the method of
differential photometry, when the brightness of
stars usually do es not exceed 2 magnitudes, is
higher and for the best atmospheric conditions
during good photometric nights it reaches *0™005.
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4, The atmospheric extinction

In general, the atmospheric conditions for photo-:
metry, in Central Europe "are not favourable, and
therefore they become the limiting factor for ac-
curacy of observations and the main source of er-
rors. For this reason special -attention has been
given to the atmospheric extincion and especially
to its changes. Therefore, the autumn season,
when the weather is relatively stable and photo-
metric nights occut most frequently, was chosen
for this sort of observation; The exinction coef-
ficients have been computed for each night from
the observations of the extinction stars at dif-
ferent zenith distances, In order to eliminate the
influence of local transparency of the sky on the
value of the extinction coefficients, a number of
extinction stars with different colour indices and
distributed in different parts of the sky have been
measured each night. Because of the small air
masses involved, the absorption coefficients have
been computed under the following assumption:

a) The atmosphere is homogeneous in every ho-
rizontal layer. The validity of this assumption
has been verified by a detailed study of the az-
imuth effect; b) The extinction coefficients are
linear functions of the extra-atmospheric colour
index of the stars.

The reduction equations are given by the fol-
lowing expression:

V=0 - ki. F(z),
b-v=(b-v) g~k +k(b-2)F (2), 3
u—b=(u- b)obs— ks.F(z),

where F(z) is the air mass.

The notation of the symbols is taken partly from
the paper of Mitchell (1960). Given the atmos-
pheric conditions, the observations have been
corrected for atmospheric extinction in two steps.
The observed quantities have first been reduced
by using relation (3). Because on every night sev-
eral extinction stars were observed and we did
not change them during the whole observation per-
iod, the second step of reduction involved then
the application of the method of conditioned coef-
ficients. This method is based on the assumption,
that extra-atmospheric brightness and colour in-
dex of stars are constant during all nights and
that during different nights they have the same
numerical value (Weaver 1952). During the nights,
when the extinction coefficients were determined
with a lower accuracy, the observations were re-
duced by means of the mean extinction coeffi-
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cients. In the reduction it was assumed, that the
coefficients k, and ks are equal to zero. If this
condition is not satisfied, the coefficient k&, could
cause, for stars of some spectral types, a sys-
tematic deviation of 0™ 02 (Johnson 1963). The
mean values of the extinction coefficients are as
follows:

k, = 0™ 186, k, = -0% 022, ky = 07 176,
kg = +0m 334,

The accuracy of the determination of extinction
coefficients on good photometric nights with suf-
ficient number of observatiobs is a few thousandths
of magnitude.

Despite the fact, that Skalnate Pleso Obser-
vatory is situated 1783 m above sea-level, and
900 m above the surrounding terrain, during some
nights, the transparency in the azimuth from 180°
to 360° at greater zenith distances was lower,; due
to a haze, which sometimes reached 2000 m above
sea-level.

Before th= beginning of the photoelectric obser-
vations program, the azimuth effect in the atmos-
pheric extinction and the changes of the trans-
parency during a night were thoroughly studies.
It has been found that both effects are not neg-
ligible, and that it is becessary to eliminate their
influence. The azimuth effect is obvious in the
meridian south of the zenith. Fig. 10 shows, that
the azimuth effect is clearly detectable at the
zenith distance of Z = 60° The azimuth effect
was studied on either side of the meridian in the
azimuth from 315° to 53° and in the zenith dis-
tance from 57°30° to 74°04’.
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Fig. 10. The azimuth effect on the night 11/12 October
1961.

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



The azimuth effect is manifested only a few de-
grees on both sides of the meridian and it is
caused by the central heating system of the nearby
cableway station. The extent and the magnitude
of the azimuth effect is given in Fig. 10, where
the "brightness of the comparison star during ob-
servation in the variable star program is shown
as a function of the air mass. In the Fig. 10 the
horizontal axis shows the air mass, the vertical
one shows the star brightness diminishing in
tenths of stellar magnitude, due to the atmospher-
ic extinction during the night 11/12, October 1961.
The zero point of the scale corresponds to the
extra-atmospheric brightness of the star. The at-
mospheric extinction coefficient of the V spectral
region after elimination of the azimuth effect was
of the order of 0™ 163, the azimuth effect reached
a value of 0% 019. The scatter of the points in
Fig. 10 is due to observing at large zenith dis-
tances. Observations before the meridian are indi-
cated by open circles, and those obtained after
the passage of the meridian are shown by full
circles. The value of the azimuth effect changes
not only from one night to another but also in the
course of a night. In some meteorological situa-
tions it is possible to observe large changes of
the transparency in the azimuth from 0° to 180°
to an altitude of a few degrees above the moun-
tains,

5. The photometry of RR Lyres type stars

a) W Canum Venaticorum

The visual and photographic observations of
the variable star W Canum Venaticorum, carried
out during more than three decades after its dis-
covery, testify to considerable changes of the
light curve. The question about the constancy or
the variability of the period phase remained vague
untill recently (Tremko 1968a). A comprehensive
survey of the results and an interpretation of the
most™ recent photoelectric observations were pre-
sented in a preceding paper (Tremko 1968a). Pho-
toelectric observations of other autors are few in
number and they were published by Geyer (1961),
Sturch (1966), and Fitch et al. (1966). The most
extensive observational material has been obtain-
ed with the 24-inch f/6 reflector of the Konkoly
Observatory in Budapest and with the 24-inch
f/17 telescope of the Skalnaté Pleso Observatory.
The description of the former telescope and the
photoelectric photometer has been published by
Balasz and Detre (1954). The data about our e-
quipment, our method and reduction of the obser-

’

vations are given in the preceding chapters of
this paper. A detailed study of the results of the
photoelectric observations carried out to 1967 at
the Konkoly Observatory and at Skalnaté Pleso
Observatory was published in our preceding paper
(Tremko 1968a). Unlike the conclusions reached
by Tsesevich (1868), Tremko indicated that during
the whole interval of observation, the period'of
the light changes had shortened. Our next series
of observations, carried out from 1968 to 1972,
was made especially for the reason of a detailed
study of the short-term and the long-term changes
of the period.

From 1968 to 1972 we obtained 231 yellow and
17 blue photoelectric observations at the Skalnaté
Pleso Observatory on the basis of which three
new epochs of the maximum were derived. The
observations in the blue colour have been carried
out by means of an automatised photoelectric pho-
tometer, which will be described in oneof the
forth coming papers. Table 6 comprizes the data
about time and the number of observations. The
transformation of the instrumental system to the
UBV photometric system has been made with the
aid of our preceding observations (Tremko 1968a).
The new derived epochs of the maximum, listed
at the end of Table 6 together with other photo-
electric epochs of maximum obtained by Detre,
Tremko (this paper) and Fitch (1966), have been
used for the computation of the period in the time
interval J.D. 2435244 — J.D. 2441338.

Table 6
Date J. D'hel. Colour] n |Notes
1968 Apr.23/24|2439970.5617 — .5814| B 17
1971 May 25/26(2441097.3493 — .4314] v [104 1,2
July 1/2 |2441134.3935—.4235| Vv 261
1972 Jan.21/22}2441338.4578 —.5631 Vv [101

Notes: 1 — Interfering fog. 2 — Interfering clouds.

The epoch of the maximum Max ., =
J.D.2441134.3994 has been omitted from the cal-
culation because it was derived from observations
made under unfavourable atmospheric conditions.
The elements derived by us have the following
form:

Max,,, = J.D.2435244.3881 + 09551756786 . E+
+ . 0006 +0.000000106. (4)

Table 7 shaws the heliocentric photoelectric
epochs of maxima, used for the computation of
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Table 7 Table 8
Maxhel. E Oo-C Observer 1 2 3 4 5
2400000+
Maxhcl. E o-C Observer Notes
1 2 3 4 J.D.2400000+
35244.3875 0 ~040006 Detre 15804.828 |~-10145 | +0.006 | Payne~Ga-| pg
36305.4155 1923 - .0011 Detre poschkin
36343.4895 1992 + .0019 Detre 20251.450 - 2086 -0.003 Zinner v
36348.4570 2001 + .0036 Detre 21077.980 - 588 -0.009 Robinson pPg
36573.5685 0409 - .0017 Detre 21402.427 0 +0.003 Blazko v
36574.6705 2411 - .0032 Detre 22081.6350 |+ 1231 ~-0.0044 Jordan g
36648.6094 2545 + .0003 Detre 22839.7576 |+ 2605 +0.0010 | Jordan pg
38085.3844 5149 + .0006 Tremko 24621.380 + 5834 -0.007 Parenago pPg
38448.4414 5807 + .0016 Tremko 26477.504 + 9198 +0.001 Detre phm
38450.6447 5811 - .0021 Tremko 26483.575 *+ 9209 +0.003 Detre phm
38464.4427 5836 + .0020 Tremko 26488.542 + 9218 +0.004 Detre phm
38497.5455 5896 - .0006 Tremko 26509.508 |+ 9256 +0.003 Detre phm
38789.977 6426 .000 Fitch 26520.545 + 9276 +0.005 Detre phm
41097.4247 10608 + .,0006 Tremko 26540.406 |+ 9312 +0.003 Detre phm
41338.5408 11045 - .0010 Tremko 26556.407 + 9341 +0.002 Detre phm
26908.437 + 9979 +0.011 Detre phm
27260.457 +10617 +0.009 Detre phm
the elements the O =C values between the ob- 27281.426 | + 10655 +0.011 Detre phm
s 3 27311.200 +10709 -0.010 Radlova v
‘served and t'he calculated epochs of maxima in 575434939 | + 11130 Z0.0067 | Kleissen | pg
accordance with the elements (4) as well as other 27558.390 |+ 11157 -0.008 Soloviev v
data whose meaning is obvious, and which need 27628.468 | +11284 -0.004 Soloviev v
no further explanation. The run of the O=C in Fig. 27927.516 | +11826 -0.009 Soloviev v
11 shows that the deviations are randomly distri- 27955.663 | + 11877 =0.001 S°1‘f“e" v
’ .. . 28305.4779 |+ 12511 ~0.0012 Kleissen pg
buted, further, that it is possible to express the 29360.431 | + 14423 -0.010 Nachapkin | v
light changes well by the elements (4), and that 29456.447 | + 14597 0.000 Tremko pg
the short-term period changes did not occur during 29461.422 | + 14606 +0.009 Tremko pg
the last years of observations. 33453.391 | +21841 +0.009 Tremko pg
. 34130.377 +23068 -0.012 Alania P8
For an explanation of the secular changes of the 34457.580 | +23661 ~0.001 Tremko pg
period all epochs of maxima given in Table 8, 35244.3875 | +25087 +0.0004 | Detre pe
were used. The computation of the secular changes 35601.394 | +25734 +0.020 Geyer pg
has been executed by means of high speed com- 36232.5813 | +26878 =0.0034 | Geyer pe
. . 36305.4155 | +27010 ~-0.0011 | Detre pe
puter GIER of the Slovak Academy of Sciences in 36343.4895 | + 27079 +0.0016 | Detre pe
Bratislava. In Table 8 are listed the results of the 36348.4570 | +27088 +0.0034 | Detre pe
calculation of the secular changes of the period. 36573.5685 | +27496 ~0.0021 | Detre pe
The values of O=C in column 3 a refer to the ele- 36574.6705 | +27498 | -0.0036 | Detre pe
. . 2 . 36648.6094 | +27632 ~0.0002 Detre pe
ments (5) in which the term qE* has been applied. 36877.601 | + 28047 +0,002 Satanova | pg
The elements have the following form: 37025.458 | +28315 -0.002 Ahnert v
38085,3844 | +30236 ~0.0010 Tremko pe
Max, , = J.D. 2421402.4238 + 049551759337 . E 38448.4414 | +30894 =0.0003 | Tremko pe
+ 0019% 0.000000232 38450.6447 | +30898 -0.0038 | Tremko pe
- 368.107"% . E2+ 38464.4427 | +30923 +0.0002 | Tremko pe
+ 66.10~" ) 38497.5455 | +30983 -0.0024 | Tremko pe
- : 38789.977 +31513 ~0.0022 Fitch pe
The observations exceeding the time interval 41097.4247 | +35695 =0.0016 | Tremko pe
f 45000 periods, are well approximated by the 41134.3994 | +35762 +0.0053 | Tremko pe
° pertocs, pp y 41338.5408 |+36132 | ~0.0033 | Tremko | pe
elements (5). Table 8 shows that the conclusions

of Tsesevich (1966) about a constant period of the
light changes of the variable W CVn are erroneous.
Fig. 12 showing the difference in observation —
calculation indicates that the elements (5) satisfy
the observations, and that there are no deviations
of a systematic character present.
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It seems that there is some printing error, in
Geyer’s paper (1961) becaise such a large devi-
ation of the observed epoch of maximum from the
calculated one is unikely. Table 9 and 10 list the
recent observations obtained at the Skalnate Ple-
so Observatory.
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Table 9

Blue observations

Continuation Table 10

2441097 4000 | 10.203 1, 1230 fcse | 10923

4007 | 10.192
JeDepey. B "1036 | 10.188 4656 10.911
043 | 10.191 4664 10.939
2439970.5617 11.145 4673 10.898
5625 11.138 4050 1 10.173 4683 | 10.924
5630 11.155 4057 | 10.182 4724 | 10828
5642 11.167 4064 | 10-151 4731 | 10.845
5652 11.149 AL | 1012 4738 | 10.841
5660 11.156 ool oksy 4745 | 10.829
.5668 11.174 “4092 | 10.162 4753 10.829
.5679 11.184 "8 | 10.126 4761 10.835
5689 11.155 4105 | 10.103 4770 | 10.804
.5697 11.147 ‘4112 10.098 4777 10.811
.5749 11.170 4119 | 10.067 4784 10.806
.5760 11.098 4126 | 10,071 4792 10.798
.5768 11.082 4133 | 10.077 .4800 10.785
5776 11.203 "4140 10:095 .4807 10.763
.5796 11.192 "s147 | 10.084 .4828 10.732
.5805 11.078 4154 | 10.096 .4840 10.693
5814 11.094 "s161 | 10.097 .4848 10.689
4168 | 10.084 .4857 10.658
4175 | 10.073 -4864 10.626
Table 10 4182 | 10.087 .4874 10.623
Yellow observations 4189 | 10.065 .4882 10.599
4196 | 10.081 4889 10.584
4223 | 10.068 4901 10.556
J.Dupey, v .4230 | 10.049 .4910 10.530
4237 | 10.026 4918 10.463
2441097.3493 | 10.902 |2441097.3757 | 10.512 4244 | 10.072 .4947 10.438
3500 10.895 3764 | 10.456 ,4251 | 10,081 4956 10.415
3507 | 10.881 3771 | 10.483 4258 | 10.043 -4963 10.407
3514 10.884 3778 | 10.464 4265 | 10.047 -4970 10.389
3521 | 10.888 .3785 | 10.428 4272 | 10.030 4977 10.406
3528 | 10.864 3792 | 10.423 4279 | 10.049 .4989 10.401
.3535 10.884 3794 | 10.433 4285 | 10.059 -5000 10.382
.3542 10.871 .3806 | 10.419 4291 | 10.052 -5008 10.385
.3549 10.865 .3813 | 10.411 4297 | 10.096 .5016 10.391
3556 | 10.872 3820 | 10.367 4307 | 10.081 .5025 10.389
3564 10.826 .3827 | 10.387 4314 | 10.070 5057 10.356
3571 | 10.798 .3834 | 10.376 .5064 10.342
3578 | 10.846 3841 | 10.374 2441134.3935 | 10.085 .5084 10.341
3585 | 10.819. 3848 | 10.399 3945 | 10.091 .5094 10.330
3612 10.748 .3855 | 10.389 .3953 10.084 5101 10.329
.3619 10.748 3862 | 10.371 .3963 | 10.076 1.5109 10.315
3626 | 10.772 3889 | 10.347 3973 | 10.079 15117 10.315
3633 10.813 3896 | 10.346 .3982 | 10.061 5125 10.320
3640 | 10.778 3903 | 10.317 3991 | 10.074 5131 10.284
3647 10.752 3910 | 10.314 .4003 | 10.056 5141 10274
3654 | 10.722 3917 | 10.319 -4012 | 10.112 5154 10.257
3661 10.697 3924 | 10.294 4023 | 10.080 -5162 10.247
3668 | 10.691 3931 | 10.279 .4068 | 10.093 5168 | 10.248
3675 | 10.724 3938 | 10.287 .4077 | 10.139 5192 10.223
3682 | 10.621 .3945 | 10.297 4086 | 10.150 5199 10.211
.3689 10.619 3952 | 10.271 .5205 10.196
3696 10.654 3959 | 10.229 2441338.4578 10.958 5211 . 10.202
3703 | 10.610 3965 | 10.244 -4587 | 10.964 .5221 10.182
3710 | 10.607 3972 | 10.224 4595 | 10.956 .5230 10.165
3717 10.621 3979 | 10.234 4604 | 10.949 .5238 10.158
3743 | 10.491 3986 | 10.236 -4613 | 10.927 .5248 10.157
3750 | 10.499 3993 | 10.239 -4622 | 10.921 5255 10.146
4633 | 10.922 5262 10.142
4641 | 10.922 5272 10.138
171

© Astronomical Institute of the Slovak Academy of Sciences * Provided by the NASA Astrophysics Data System



Continuation Table 10

-2441338 .5302 10.122 | 2441338 .5470 10.105
.5308 | 10.110 5478 10.083
5314 | 10.124 .5488 10.090
5321 10.099 .5502 10.118
5326 10.110 5516 10.133
.5335 | 10.103 .5529 10.136
.5344 10.101 5539 10.157
.5353 | 10.092 .5560 10.173
.5361 | 10.079 5579 10.175
5369 10.081 5586 10.150
.5407 | 10.080 5598 10.160
.5418 | 10.052 5606 10.147
.5430 10.088 5612 10.126
5440 | 10.094 5622 10.218
.5448 10.098 .5631 10.148
.5458 10.087
T ! !
‘ W Cvn
+0.0040 |- MAX, . =D.X352¢. 3681+ 0.551756786 XE T
+d’oo20- . . 7
o000 . . 7
-o%oo20- . . 7]
J .

-0 00s0f~ 7]
1 L .
0 5000 0000 E

Fig. 1. The deviation of the observed epochs of max-
ima from the elements (4).

b) TT Lyncis

Despite the fact, that it is a bright, short period
cepheid variable, TT Lyn has been discovered on-
ly in 1949. It was observed very sporadicaly and
insufficiently. The first photoelectric observa-
tions were obtained by Jones (1966) and Sturch
(1966). The most extensive observing material has
been obtained at Skalnaté Pleso Observatory. The
discussion of our material, obtained before 1967,
and equally, of other visual and photographic ob-
servations, is published in the preceding paper
(Tremko 1968b).

The earlier visual and photographic observa-
tions have an unusually great dispersion. Be-
cause the photoelectric epochs of maxima, inter-
preted in the preceding paper (Tremko 1968b),
have been obtained on a short time scale of 3025
periods only, it was not possible to determine
these elements reliably. For this reason the ob-
servational material has continuosly been col-
lected until the present time, making the period
of photoelectric observations 2.5 times the orig-
inal. The colour characteristics, the form of the
light curve, the interstellar absorption, and ‘the
distance of the variable were discussed in the
variable were discussed in the preceding paper
(Tremko 1968b). Therefore, have we confined our-
selves, first of all, to the computation of new el-
ements and to a study of possible secular changes
of the period.

During the years 1970-1972, 277 photoelectric
observations were made, by means of 60 cm re-

T T T T T
o 1
W CVn 3 2 02
MAXHEL= JD. 26214024238 +0.551759337 X E - 308 x 10 °E ° t3
-obroo|- ° ° —
o
o
a
° ° . . "
. ®e
° .
-] o . .
oboool- o . . . —
a +
.
+ a
+
° -+
: .
+
.
d * @ °
+0.0100 I —
* 4
| | | 1 ]
-1000 0 +1000 +2000 +3000 E

Fig. 12. The deviation of the observed epochs of maxima from the elements (5). 1 — visual observations, 2 — pho-
tographic observations, 3 — photometric observations, 4 — photoelectric observations.
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flector at Skalnaté Pleso Observatory, in the V
region, using the photoelectric photometer, de-

Table 12

scribed in the preceding chapters of this paper, Max.p o). E (0=C)|(0=C), No-
or by the automated photoelectric photometer, which tes
will be described later. The list of the times of 1 2 3 4 s p
observations and the numbers of observations is
summarised in Table 11. 2400000 +
35599.33 | -1761+ | +0.03 +0.06 |Tsesevich| v
35601.25 | =-1758+4+ .16 |+ .18 |Tsesevich| v
Table 11 35608.31 |~1746+ |+ .04 |+ .07 |Tsesevich| v
Observing intervals 35626.774 | ~1715+ |- .012 |+ .018 |Ahnert v
35722.50 -1555+4 + .13 + .15 |Tsesevich| v
35747.54 -1513+ | + .07 + .10 |[Tsesevich| v
Date 1Dy ’ n |Notes 35753.45 -1503+ |+ .01 + .04 |Tsesevich| v
: 36229.60 |- 706+ |+ .01 |+ .03 |Ahnert pg
1970 March 10/11 | 2440656.3567~.4268 | 44 36232.58 | =701+ |+ .00 |+ .03 [Ahnert pg
March 16/17 | 2440662.4842~.5927 79 1 36274.40 - 631+ |+ .00 + .03 |Ahnert pg
1971 May 12/13 | 2441084.3311~.4020 44 2 36287.53 - 609+ |- .01 + .01 [|Ahnert pg
1972 Jan. 13/14 | 2441330.3975~.5035 110 36609.5275| - 70+ |- .0275|- .0081|Tremko prg
36611.32 ~ 67+ |- .03 - .01 [|Ahnert v
36611.3307| ~ 67+ |~ .0165|+ .0028|Tremko pg
Notes: 1 —Interfering fog. 2 — Bad transparency. 36626.30 |- 42+ [+ .02 + .04 |Ahnert v
36630.44 |- 35+ |- .03 |- .01 |Ahnert v
. . . 36651.3586 0 |- .0163|+ .0026|Detre pe
For the comput?tlon of the period all.pubhshed 3666332 |+ 20+ |=0.00 |+0.02 |Ahnert v
epochs of the maxima have been used with the ex- 36679.4361| + 47 |- .0179|+ .0007|Detre pe
ception E = =1758 and E = - 1555. These visual 36961.4210| + 519+ | = .0189|= .0034|Tremko pg
epochs of the maxima differ from those calculated ;7816?2’4 + 211 +]+ .001 |= .016 |Ahnert v
. d 7017.567 |+ 613+ |- .031 |~ .016 |Ahnert v
with the elements (6) by more.than 0¢12. Tlhus 37026.553 | + 628+ |~ 007 |+ 008 |Ahnert .
a tf)tal of 38 epo'chs of the maxima for the ca cu- 37028.353 | + 63T+ |+ .001 |+ .016 |Ahnert v
lation of the period has been used. The resulting 37321.6797| +1122 |- .0091|+ .0024|Tremko pe
elements are as follows: 37327.6496| +1132 |- .0134|~ .0021|Tremko pe
37669.3825| +1704 |- .0092|~ .0016|Tremko pe
Max. ), = J-D-2436651.3479 + 0959742688 . E + 37673.5664| +1711 |- .0073|+ .0002|Tremko | pe
. +.0037 + 0.00000175. (6) 37696.2665( +1749 |- .0094|~ .0022|Tremko pe
38378.5371| +2891 -~ .0012|~- .0016|Tremko pe
- ) 38381.5247| +2896 ~ .0008|- .0012|Tremko pe
Table 12 contains the heliocentric epochs of 38400.6420| +2928 |~ .0012|-.0018|Tremko pe
the maxima and the O - C data. In column 3 of  38406.6288| +2938 |+ .0014|+ .0007|Tremko pe
Table 12 there are the differences in observation 38408.4113| +2941 |+ .0016 + .0009)Tremko pe
. ined with the el (6). Th 38414.3861| +2951 |+ .0021(+ .0013|Tremko pe
- calculation obtaine th' the elements (6). The 38415.5800| +2953 |+ .0011]+ .0004|Tremko pe
data marked by an asterisk have not been used 38418.5668] +2958 |+ .0008|+ .0000}Tremko pe
for the calculation of the elements (7). Those 38458.5951| +3025 [+ .0014|+ .0002|Tremko pe
marked by the symbol ++ have not been used for ~ 40662.5330] +6714 |+ .0287* .D027|Tremko | pe
the calculation of the elements (6). 41330.4609| +7832 |+ 0323}~ .0010 Tremko pe
I T ! I T T T I T
d o1
+0.0800~ TT LYN g2 B
4 MAX = 2436651379+ 0.597%27688 x E °
+0f0600— HEE _
0’400 ]
+0%z001 o -
oo~ = . - i
° . 2o
-o%z00- e o .
J °
-0%u00- ]
| | 1 | | | | | |
-1000 o +4000 +2000 +3000 +4000 +5000 +6000 +7000 E

Fig. 13. The deviation of the observed epochs of maxima from the elements (6). 1 — visual observations, 2 — pho-

tographic observations. 3 — photoelectric observations.
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From the analysis of the data in column 3 of
Table it is evident that the visual and photo-
graphic observations show too large a dispersion.
Fig. 13 in which the deviation of the observed
epochs from the elements (6) has been represent-
ed, testifies to the secular change of the period,
namely, to its increase.

In order to clarify the question of variability or
constancy of the period of the light changes, all
epochs of the maxima obtained from visual and
photographic obsemvations, which show a consid-
erably larger scatter than the photoelectric ep~
ochs, were excluded from the treatment. For com-
putation only the photoelectric epochs of the ma-
xima, obtained at the Konkoly Observatory and
Skalnate Pleso Observatory have been used. The
time interval of observation has thus been short-
ened by leaving out all epochs of maxima whit
E <O. The shortening of the time of observation,
as seen from Table 12, is not considerable. From

the photoelectric epochs of maxima with E<O we
have derived the following elements:

Max , | = 7.D.2436651.3560 + 09597434355.EF ¢+
+.0007 *# 0.000000198. (7)

Comparing elements (6) and (7), it can be seen,
that the mean error of the determination of the
period in the second case is smaller by an order
of magnitude, despite the fact that the number of
epochs of maximum in this latter case is only half
that of the former. The accuracy of the computa-
tion of the elements (6) decreased on account of
the large scatter of the epochs of maxima with
E <=1503. Column 4 of Table 12 contains the
O - C deviations of the observed epochs using
the elements (7). In Fig. 14 the O = C’ s resulting
from the elements (7) have been represented graph-
ically. Table 13 contains the photoelectric obser-
vations carried out at the Skalnat€ Pleso Obser-
vatory during the years 1970-1972.

I I T T T I T T T
of
L TT LYN 3 .
MAX _ = JD. 24366513560+ 0.597434355 X E
d HEL
+008001~ -
0’0600}, -
oo . . —
a
oo
+0%0200+ 3 . —
o °
oooog— e L 0 t > . -~
&
002001 ° -
| 1 | | | | | |
-1000 0 +000 +2000 +3000 +4000 +5000 +6000 +7000 E

Fig. 14. The deviation of the observed epochs of maxima from the elements (7). 1 — visual observations, 2 ~ pho-
tographic observations, 3 — photoelectric observations.

Table 13
Yellow observations
J'D'hel. v J'D'hel. |4
2440656 .3567 | 10.134 | 2440656.3807 | 10.116
.3577| 10.134 .3816 | 10.136
.3586| 10.131 .3828 | 10.125
3598 10.134 .3836 | 10.107
.3607 | 10.134 .3847 | 10.095
3617 | 10.140 .3856 | 10.086
.3626 ) 10.137 .3868 | 10.093
.3637 | 10.135 .3877|10.118
3667 | 10.147 .3890{ 10.137
3675 | 10.142 .3997 1 10.183
.3685 | 10.153 .4008 | 10.188
3696 | 10.150 .4017 |1 10.171
.3707 | 10.156 .4046 | 10.166
.3716 | 10.155 .4058 | 10.173
.3786 | 10.128 .4066 | 10.159
3797 | 10.126 .4078 | 10.168

2440656.4087 | 10.181 |2440662.4904 9.634
.4097 | 10.184 .4939 9.610
4107 | 10.195 .4947 9.611
.4165 | 10.186 4953 9.617
.4188 | 10.185 .4961 9.639
.4197 | 10.187 4967 9.618
4206 | 10.168 .4974 9.631
4226 | 10.146 -4982 9.658
.4237 | 10.139 -4988 9.634
.4248 | 10.148 4995 9.640
4257 | 10.160 -5001 9.622
4268 | 10.169 5142 9.501

.5149 9.501

2440662.4842 | 9.698 5156 9.511
4855 9.695 5170 9.490
4863 | 9.742 5177 9.502
4870 | 9.727 5183 | 9.501
4876 | 9.684 5191 | 9.487
.4884 9.671 5198 9.491
4891 | 9.660 5205 9.500
4897 | 9.642 .5294 9.469
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Continuation Table 13

2440662 .5301
.5336
5343
5350
5357
.5364
5371
5377
.5384
5391
.5398
.5483
.5489
5503
.5510
5517

5524
5551

5558
5566
5572
5579
5586
5593
.5600
.5607
5614
5669
5675
.5682
.5689
.5697
5704
S711
5718
.5809
.5816
5825
.5864
5871
.5878
.5885
.5892

.5899 |

.5906
5913
5920
5927

2441084.3311
3325
3428
.3435
3444
3528
3543
.3550
3558
.3567
3617
3626
3634
3642

19.487
9.453
9.479
9.460
9.458
9.464
9.450
9.454
9.450
9.459
9.465
9.480
9.481
9.484
9.501
9.505
9.485
9.509
9.534
9.532
9.501
9.492
9.503
9.519
9.538
9.552
9.551
9.547
9.543
9.528
9.520
9.536
9.536
9.547
9.558
9.571
9.587
9.608
9.596
9.593
9.618
9.583
9.608
9.592
9.567
9.581
9.611
9.526

9.512
9.495
9.492
9.517
9.495
9.473
9.545
9.504
9.566
9.589
9.574
9.563
9.558
9.545

2441084.3659
3669
3679
.3687
3694
3706
3714
3724
3762
3769
.3779
.3787
3798
.3810
.3827
.3838
.3849
.3860
.3871
.3881
.3889
3941
.3949
3957
3965
3972
3981
3990
.4013
.4020

2441330.3975
.3982
3990
3997
4004
4013
4058
4068
4075
.4081
.4090
4097
4104
4111
4118
4125
.4180
4187
4195
4202
4209
4216
4223
4230
4237
4243
4250
4257
4264
4295
4303
4309

9.546
9.538
9.666
9.692
9.694
9.712
9.660
9.703
9.724
9.724
9.603
9.591
9.632
9.666
9.761
9.681
9.691
9.661
9.697
9.694
9.693
9.757
9.727
9.790
9.775
9.792
9.740
9.773
9.802
9.879

9.900
9.877
9.869
9.860
9.856
9.851
9.742
9.753
9.748
9.737
9.731
9.731
9.728
9,726
9.712
9.711
9.704
9.712
9.699
9.700
9.697
9.692
9.686
9.685
9.672
9.682
9.670
9.669
9.669
9.641
9.641
9.630

2441330 .4318 |  9.632 2441330.4723 9.508

4325 9.621 4734 9.506
4333 | 9.614 4742 | 9.507
4340 9.614 4749 3'2}?
4349 9.613 4755 .
4356 |  9.501 ‘}177229 992531
4363 | 9.506 4776 | 9.518
43711 9.585 4783 | 9.520
43791 9588 4790 | 9516
4387 | 9.585 4797 | 2526
4395 9.581 '4804 ’9:‘524
44021 9.571 4811 |  9.527
4410 | 9.565 4817 | 9.539
4456 | 9.538 4g4g | 9.533
4463 | 9539 '4855 9.540
4471 9.533 4861 9.544
4480 | 9.531 4868 | 9.561
44871 9.523 4g7s | 9.550
4495 | 9.525 4sg2 | 9.547
45011 9.505 4880 | 9551
4508 [ 9.510 4806 | 9.555
4513 1 9.507 4903 9.551
4522 | 9.498 4910 | 9.551
4529 | 9,505 '4917 9.550
4536 9.503 '4923 9.552
4542 | 9,495 ‘4930 9.557
4549 | 9.499 '4 . 9.578
4591 | 9.490 '4383 9.586
4599 | 9.487 pros 9.580
4606 | 9.480 Py 9.388
4613 | 9.488 001 9.595
4621 | 9.492 5008 9.590
4629 | 9.489 5014 9.589
4636 | 9.493 5021 9.59
4642 | 9.490 .5028 9.611
4649 9.490 .5035 9.611
4656 | 9.490

4662 | 9.482

4669 | 9.484

4676 | 9.497

-4682 9.490

We have confirmed the conclusion reached about
the variable TT Lyn, published in the precedent
paper (Tremko 1968c), and we have derived more
accurate elements on the basis of the new photo-
electric observations made by us.

c) VY Serpentis

Despite the fact, that VY Serpentis was discov-
ered 40 years ago and thatitis a relatively bright
variable star, it received no attention for a long
time. An interpretation of the visual observation
made by Tsesevich in 1944 and Ustinov in 1949,
has shown that the period of the light changes,
P = 09416 as published in General Catalogue of
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Variable Stars (Kukarkin and Parenago 1948), is
wrong (Ustinov and Odynskaya 1952). In accord-
ance with the calculation of Ustinov and Odyn-
skaya, the correct epriod is P = 0971409384. The
photoelectric observations in the V region have
been obtained by means of 24-inch reflector the
at the Skalnate Pleso Observatory. A total of 104
photoelectric observations during four nights were
obtained. The photoelectric observations were
transformed to the standard photometric system
Johnson and Morgan (1953) and they are given in
Table 16. Table 14 also contains the basic data
about the intervals of observation.

Table 14

Observing intervals

Data J'D'hel. n

1961 Apr. 21/22
June /July 30/1
1961 July 2/3
July 11/12

2437411.3818-.5971 47
2437481.3848~-.4792 31
2437483.4013 -.4575 22
2437492.3791-.3867 4

The three colour photoelectric observations of
a portion of the light curve, including the regions
of the maximum and the minimum of the brightness
have been published by Fitch et al. (1966). From
his and our observations (this paper) it was pos-
sible to derive two epochs of the maximum which
have extended the interval of observation. For cal-
culation of a new period of light changes, the ep-
ochs of maxima, published by Ustinov and Odyn-
skaya (1952), Karetnikov (1962), Fitch et al.
(1966) and one derived from our photoelectric ob-
servations (this paper) have been used. From the
interpretation two epochs of maximum, namely
Max - J.D. 2431248.252, which differs from the
calculated value by about +0%064 and Max,, =
= J.D. 2437192.2465, which differs from the cal-
culated epoch of macimum by about ~09055 have
been eliminated. The deviations of these obser-
ved epochs of maximum from the calculated ep-
ochs are twice as large as the deviations of the
remaining epochs od maxima of this variable. The
calculation based on 22 epochs of the maximum
gives the following elements:

Max,, = J.D. 2431225.3375 + 0971409338 . E*
+.0035 + 0.00000069. (8)

Table 15 contains all epochs of maximum pub-
lished, up to this time and other data and the re-
sults of the computations, which are all selfe-
-explanatory. The epochs eliminated from this
work have been marked by an asterisk. The val-
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ues O = C from Table 15 column 3 have been rep-
resented graphically in Fig. 15.

Table 15
Max, el E o-C Observer Notes
240000+ <
1 2 3 4 S
26826.503 =6160 |[-0.019 |Lause %
26834.400 -6149 |- .023 |Lause v
26841.494 -6139 |- .024 |Lause v
26851.503 =6125 |- .013 |Lause v
26861.527 -6111 + .014 | Lause v
26889.380 -6072 |+ .018 |Lause v
26894.371 =6965 |+ .010 |Lause v
26919.360 -6030 |+ .006 |Lause v
31225.338 0 |+ .001 |Tsesevich v
31230.368 + 7 |+ .032 |[Tsesevich v
31232.450 + 10 |- .028 |Tsesevich v
31235.328 + 14 |- .007 |Tsesevich v
31242.450 + 24 |- .026 |Tsesevich v
31245.320 + 28 - 012 |Tsesevich v
31248.252 + 32 |+ .064 |Tsesevich v
31260.324 + 49 |- .004 |Tsesevich v
31265.338 + 56 |+ .011 |Tsesevich v
31270.335 + 63 |+ .010 |Tsesevich v
33003.422 +2490 |- .008 |Ustinov v
33058.427 +2567 |+ .012 |Ustinov v
37172.3112+ +8328 |+ .0040 | Karetnikov v
37192.2465" |+8356 |- .0553 |Karetnikov v
37411.5310 |+8663 |+ .0025 | Tremko pe
39213.901 +11187 | + .001 |Fitch pe
T T T T
vr SER o
+& o800 MAX, g, =J.D. 231225 3375+ 0. #409338 X £ _
+6los00|- —
J : N *
0.0000} § . * L
Sovoo- ' i}
] ] 1 1
-5000 0 +5000 E  +10000

Fig. 15. The deviation of the observed epochs
of maxima from the elements (8). 1 — visual
observations, 2 — photoelectric observations.

An analysis of the O — C values from the elements
(8) shows that the period of VY Ser remained con-
stant during the whole interval of observations.
The large values of O — C and the errors in the
elements are due to errors of the epochs, derived
from visual observations,
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Table 16
Yellow observations
JeDepey, v J-Dper. v
2437411.3818 | 10.517 | 2437481.4403 | 10.020
.3853 | 10.486 4424 | 9.992
.3908 | 10.470 4445 9,981
3971 | 10.501 4473 | 10.001
3998 | 10.474 .4493 | 10.009
4026 | 10.471 4514 9.976
4051 | 10.465 4542 9.981
.4096 | 10.505 .4556 | 10.018
.4130 | 10.437 4591 | 9.949
4172 | 10.386 4612 9.954
.4207 | 10.408 4632 | 9.952
.4248 | 10.407 4646 | 9.947
4297 | 10.373 4674 9.923
4325 | 10.371 .4685 | 9.922
4360 | 10.325 4723 | 9.940
.4401 | 10.256 4743 | 9.848
4436 | 10.226 4771 | 9.806
4471 10.173 4792 | 9.783
A4505 | 10.125 | 5435483 4013 | 10.380
4547 | 10.102 w007 | 10,417
4587 | 10.023 4055 | 10.393
-4624 | 10.023 4076 | 10.391
;2232 gg‘;g 4110 | 10.394
4920 | 9.918 4131 | 10.386
4064 | 9.879 L4157 | 10.394
4908 | 9.878 .4180 | 10.408
5033 | 9.85¢ .4208 | 10.391
S068 | 9.830 4235 | 10.415
5144 | 9.832 4263 | 10.425
5186 | 9.797 =291 | 10.408
5200 | 9808 4319 | 10.408
5325 | 9.822 4333 | 10.434
5415 | 9.831 4395 | 10.382
© 5450 | 9.828 4416 | 10.437
5512 9.827 4451 | 10.397
5544 | 9.851 4472 | 10.467
5589 | 9.857 4506 | 10.430
5623 | 9.866 4531 | 10.483
5658 | 9.865 4554 | 10.504
5693 | 9.876 4575 | 10.487
-5728 | 9.863 2437492.3791  10.038
5762 | 9.878 .3812 | 10.038
-5797 | 9.887 .3846 | 10.124
-5832 1 9.938 .3867 | 10.176
.5950 | 9.904
5971 | 9.852
2437481.3848 10.465
.3875 10.463
.3896 | 10.454
3924 }10.454
-4181 1110.454
.4236 [10.192
-4257 |i10.181
4278 | 10.119
4299 |110.123
4320 1110.061
-4341 | 10.058 .
4361 |'10.046
.4375 | 10.034

d) The distance modulus of W CVn, T1 Lyn and
VY Ser.

The observed stars are situated at different ga-
lactic longitudes, the star VY Ser being in the di-
rection to the galactic centre, and TT Lyn in the
direction to the galactic anticentre. The galactic
latitude of these three stars are greater than 40°.
A visual inspection of the Palomar Observatory
Sky Survey charts of those region where the ob-
served stars are situated, showed that in the di-
rection of the above reported stars, or in their
nearest surroundings, there is no obvious great
accumulation of interstellar matter and for this
reason, the interstellar absorption is very small.
For a calculation of a distance modulus the mod-
ified period-luminosity-colour relation for variable
stars of the RR Lyr type, derived by Fernie (1965)
was used:

(m = M)y =V + 0.83 + 2.50 log P — K (B — V) —
~(R-K)Ep _y. (9

The symbols in the equation (9) are as follows:
R — the ratio of the total to the selection absorb-
tion and K numerical factor, which characterises
the light and colour variation. The other symbols
are self-explanatory. On the basis of this relation,
from a set of photometric observations of V and
(B - V), and from the well known length of the
of the period oflight changes, it is possible to compute

. the distanceof the variable star. The numerical factor K

in the relation(9)has a mean value of2.96 derived from
a sample of 32 RR Lyr stars, and for different
stars it could reach the extreme values from 2.1
to 5.1 (Fernie 1965). In the cases when the slope
of the dependence V and (B - V) differs substan-
tially from the value of R, the last term in the e-
quation (9) cannot be neglected and the factor of
the term (B — V) will also change. Consequently,
we have constructed a dependence between the
quantities V and (B — V) for each star on the ba-
sis of our observations (Tremko 1968b, Tremko
1968c, this paper) and the observations published
by Fitch et al. (1966) were utilized for VY Ser.
Figures 16, 17 and 18 :show the relation between
the V and (B - V) values.

Since the Blazko effect has not been found in
case of the observed stars and the light curves
appear to be stable for all practical putposes, in
view of the large number of observations needed
for calculating the relation betweenV and (B — V),
have utilized data derived from mean light curves
instead of individual observations. Table 17 con-
tains basic data on three studied variable stars.

It is assumed that the stars which are more than
100 pc above the galactic plane and have a great
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Fig. 16. The V and B — V relation
of W CVn.

galactic latitude, are reddened by 0.05 x cosec b
(Woolley and al. 1965). The investigation per
formed by Sturch (1966) has shown that the value
for the reddening term for the stars with & > 56°

Fig. 17. The V and B ~ V relation
of TT Lyn.

Table 17
Star log P ’- K (m = M), EB—V
W CVn 0.74175 - 1 2.830} 9.717 |0.034
TT Lyn 0.77629 - 1 3.015 ] 9.025 |0.075
VY Ser 0.85375 - 1 3.146 | 9.486 |0.073

is 0.02 x cosec b if the excesively reddened re-
gions in Taurus and Ophiuchus are omitted, but
the stars with b > 70° are kept. The latter.relation

Fig. 18. The V and B — V relation
of VY Ser.

was used for the calculation of the reddening of
W CVn. The numerical value 3.03 for the ratio of
total to selective absorption derived by Wickrama-
singhe (1967) was accepted.
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FOTOELEKTRICKA FOTOMETRIA SO 60 CM REFLEKTOROM
ASTRONOMICKEHO USTAVU NA SKALNATOM PLESE

J. TREMKO
Astronomicky dstav Slovenskej akadémie vied, Skalnaté Pleso, Ceskoslovensko

Resumé

V praci sa skiimaji vlastnosti fotoelektrického fotometra in$talovaného na 60 cm reflektore Astrono-
mického observatéria na Skalnatom Plese, jeho fotometricky systém a atmosferickd extinkcia. Fotome-
ter pracuje naprincipe jednosmernej metédy, je osadeny nasobi¢om elektrénov 1 P 21 a pre zdznam sig-
ndlu sa pouZiva elektronicky liniovy zapisoval EZ 4. Merania Standardnych hviezd internacionidlneho
fotometrického UBV systému ukazali, Ze nid3 fotometricky systém je velmi blizky systému UBV. Pod-
robnd analyza hodnot transformadnych koeficientov ukdzala, Ze fotometricky systém sa nepatrne meni
s teplotou. .

Atmosferické podmienky v naSich krajinich nie sd vynikajice a sid limitujicim faktorom presnosti.
Z toho dovodu sledovaniu atmosferickej extinkcie, najma jej zmenam, venovala sa velkd pozornost.
Stredné hodnoty extinkénych koeficientov sd nasledujice k,= 01186, k,= —-0m022, k, = 0176, ky=
= 0m334. Azimutilny efekt v merididne na juh od zenitu dosahuje hodnotu priblizne 0m02, priom jeho
hodnota sa meni od noci k noci. .

Prica obsahuje interpretdciu fotoelektrickych pozorovani troch kratkoperiodickych cefeid: W CVn,
TT Lyn a VY Ser. V rokoch 1968-1972 sa ziskalo 248 pozorovani, z ktorych sa odvedili 2 epochy ma-
xima. Z intervalu viac ako 45 000 epoch sa zistili sekuldrne zmeny periédy premennej hviezdy W CVn.
Nami odvodené elementy so sekuldrnym ¢lenom majd nasledujici tvar:

Max,_, = J.D. 24214024238 + 0551759337 . E — 368 . 102 £” ¢
+.0019 + 0.000000232  + 66.107".

V rokoch 1970-1972 sa ziskalo 277 novych fotoelektrickych pozorovani, z ktorych sa odvodili 2 epo-
chy maxima, ¢im sa interval fotoelektrickych pozorovani zvad$il 2,5 ndsobne. Tejto premennej hviezde
sa v minulosti venovala na Skalnatom Plese velkd pozornost, ziskal sa rozsiahly pozorovaci material,
z ktorého sa odvodili 3 fotografické a 16 fotoelektrickych epoch maxima. Zistilo sa, Ze periéda svetel-
nych zmien je konStantnid a elementy odvodené z fotoelektrickych epoch maxima, ktoré ziskali Detre
a Tremko, maji tvar:

Max,, = J.D. 2436651.3560 + 04597434355 . E + .
) +.0007 + 0.000000198.

Ziskalo sa 107 fotoelektrickych pozorovani premennej hviezdy VY Ser a odvodila sa jedna epocha ma-
xima. Peridda svetelnych zmien je konStantni a elementy maju tvar:

Max, , = J.D. 2431225.3375 + 0.71409338 . E +.
+.0035 + 0.00000069.
Z fotoelektrickych pozorovani sa odvodila pre v3etky tri premenné hviezdy funkciondlna zavislost
medzi V a B-V, ktord sa pouZila na vypolet modulu vzdialenosti pomocou vztahu, ktory odvodil Fer-
nie. Hodnoty modulov vzdialenosti si nasledujice: W CVn 9.717, TT Lyn 9.025, VY Ser 9.486.
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SOTOEJEKTPUMYECKAA ¢OTOMETPUA C 60 CM 3EPKAJIbHWM TEJECKOIIOM
ACTPOHOMMYECKOY OBCEPBATOPUMN CKAJIHATE I1JIECO

H. TPEMEO
Acmponomuyecruid uncmumym Crosayxoii Axaoemuu Hayx, Crganame llneco, Yexocrosaxua

Pe3swmMme-

B pa6ore uccjenoBaiuCh xapakTepucTuku (oTOodjeKTpuueckoro ‘qoromerpa ycrasorneHnoro wa 60 cm
3epKajbHOM Teseckone AcrtpoHoMuueckoit O6cepearopun Ckaunare Ilieco, ero doToMeTpuyeckas cuce
TemMa u aTMocepHasi SKCTHMHKLMA. oroenekTpuueckuit doroMerp paboraeT HA NPUHLMIE NOCTOSHHOIO
Toka. B Bume perexrtopa ucnoJb3yercs snekTpoHHbi ymHoxureqs 1 P 21 u gas perucrpammm cursana
ucnoab3yerca camomucell tuna EZ 4. Habaoaenus cranaapaHbiX 3Be3] MeXAyHapofHoi# GoTomerpuyec-
koiti UBV cucrembl nokasamu, uro Hama GoroMerpuueckas cucrema 6amska MexayHaponHo#t ¢oTomerpu-
ueckoit cucreme UBV. Iloapobubiii anamms3 BeauuH TPaHCGHOPMAIMOHHBIX KOePOUIMEHTOB noKasal, 4To
¢doToMeTpuUecKas CHCTEMa HEMHOXKO MEHSeTCS C TeMnepaTypoil

ATMocdepHble ycioBus B pajioHe o6CcepBaTOpuM HE BBHIAIOUMECS M SABASIOTCS OrPEHMUMBAIMM (ak-
TOpOM ToUHOCTH Habmopenuil. Ilo sTum npuumHam yneasnoch 6oabiloe BHUMAHME UCCJENOBAHMIO aTMOC~
dbepHoit SKCTUHKIMM, ocoGeHHO ee uameHenusM. Cpegnue Besmuuibl KoedOULIMEHTOB SKCTUHKIMHK Cle-
nyoume: &, = 02186, x, = —0m022, x, = 0m176, x, = 0m334. AsumyranbHblil 9ddeKT B Mepuauane Ha
or oT 3eHuTa gocturaer okoJo 6702, mpuuem BesuuMHA azUMyTaJbHOrO SGdEeKTa MEHSeTCH QT HOUM
K Houn,

PaboTa cogepxuT uHTEpNpeTalMio PoTO3JIEKTPUUECKUX HABJioNeHKA TpeX KOpOTKONEpHOAMYECKMX e~
deun: W CVn, TT Lyn, VY Ser. B Teuemm 1968—1972 r. mbl noayuumm 248 nabmopemuit W CVn,na
OCHOBE KOTOPbIX Mbl NOJNYUMIM [IBe SNOXMMakcumyma,B mpoMexyTke BpeMen, GoibuieM, ueM 45000 me-
puOZIOB, Mbl OOHApYyXuJyu BEKoBbie n3MeHeHus nepuosa nepemenHoi 3sesgbnt W CVn, Hamu moayuenHbie
SJIE€MEHThbl C BEKOBbIM WJIEHOM MMEIT CJjemynlyio ¢opmy:

Max, = J.D. 2421402.4238 + 04551759337 . E - 368 . 107 Eg?+
+.0019 + 0.000000232 + 66 .107".

B reuvenne ser 1970—1972 mb noayunsm 277 dorodjekTpuueckux HabawIEHMi TEpEeMeHHON 3Be3Ibl
TT Lyn, cnoMomwo KOTOPbIX Mbi OJAYYMIIM [ABE SMOXM MAKCUMyMa M TakuM o6pa3oM MHTEpBai HOBble ¢o-
TOSJEKTPUUECKUX HAOMONSHMIA yBeaMuniIca ¢ NOJNOBUHBI B 1Ba pasa. B AcTpoHomuueckoii oGcepBaTopun
Cxannate [lneco 3toit nepementoil 3Be3npl yneassioch 6oJblioe BHAMaHME M ObLIO MOJYYEHO GOJNBIIOE
KOJIMUECTBO Hab.0JaTeJbHOI'0 MaTepuana, ¢ MOMOLI0 KOTOporo Mbl mojyuuiu 3 dororpaduueckux u 16
GOTOS/IEKTPUYECKUX SMOX Makcumyma. Mbl ycTaHoBuaM, STO Nepuon M3MEHEHu# CBeTa MOCTOSHHBIA U
3JIeMeHTbl T0JyYEeHHble Ha OCHOBEe (OTOSJEKTPUMUECKMX SNOX MakCUMyma, KoTopble moayunau Netre u
Tremko umernT cJepyoumit Bua:

Max, , = J.D. 2436651.3560 + 04597434355 . E
+ .0007 + 0.000000198.
Mbi noayunin 107 dorosnekrpudeckux Habimonenuit nepemMentoi 38e3a6 VY Ser, Ha ocHoBe KOTOpbIX
Mbl NIOJYYMJ OOHY SMoXy Makcumyma. [lepuon usme lemnit cBeTa nocTosHHOA U GopMa SJEMEHTOB C.e-
ayomas:

Max,, = J.D. 2431225.3375 + 0971409338 . E +
+ 0085 + 0.00000069.

Ha ocroBe ¢orossektpuueckux HabmoAeHu# Mbl MONYunau GYHKUMOHANBHYI0 3@BUCUMOCTb MEXIY Be-
JuumEamy V u B - V nas BceX TpeX NEepeMEeHHbIX 3Be3l. ITY 3aBUCUMOCTb Mbl MCIOJAb30BAMM A5 Bble
SUCJeHUs MoayJst paccrosiuusi meronom Fernie. Beanunnel mogyneit paccrosmmit caenyomme:

W CVn 9717, TT Lyn 9.025, VY Ser 9.486.
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