© Copyright 2023: Instituto de Astronomia, Universidad Nacional Auténoma de México
DOI: https://doi.org/10.22201/ia.01851101p.2023.59.01.10

Revista Mexicana de Astronomia y Astrofisica, 59, 137-150 (2023)

(© 2023: Instituto de Astronomia, Universidad Nacional Auténoma de México

https://doi.org/10.22201/ia.01851101p.2023.59.01.10

PHOTOMETRIC ANALYSIS OF ECLIPSING BINARIES: VY UMI, RU UMI

AND GSC 04364-00648

V. Kudak!, S.Parimucha?, V. Perig', and P. Gajdos?
Received June 15 2022; accepted February 13 2023

ABSTRACT

We present the photometric analysis of BVR and TESS light curves of three
eclipsing binaries, together with their period changes considering archival data and
new minima times from our and TESS observations. For the first time we detected
wave-like variations with low-amplitude in O — C residua of RU UMi, which can be
interpreted as a consequence of the light-time effect caused by the 3rd component
with period 7370 days. The period increase detected in the VY UMi system cor-
responds to mass transfer from the secondary to the primary component. For the
GSC 04364-00648 binary system we find quadratic changes on the O — C diagram,
which correspond to a period decrease. We cannot make assumptions about their
nature, mainly due to short time of observation and uneven coverage of O — C
diagram. We also determined the absolute parameter of their components using
the photometric solution and GAIA distances.

RESUMEN

Presentamos el anélisis fotométrico de las curvas de luz BVR y TESS, y de
los cambios de periodo de tres binarias eclipsantes, a partir de datos de archivo
y nuevos datos de los minimos de nuestras observaciones y de TESS. Detectamos
por primera vez variaciones ondulatorias de baja amplitud en los residuos O — C
de RU UMi, que pueden ser consecuencia del efecto de tiempo de luz causado por
la tercera componente, con un periodo de 7370 dias. El aumento del periodo en
VY UMi corresponde a la transferencia de masa de la secundaria a la primaria.
En GSC 04364-00648 encontramos cambios cuadréticos en el diagrama O — C, que
corresponden a una disminucién del periodo. No podemos proponer hipdtesis sobre
su naturaleza debido al corto tiempo de observacién y a la cobertura inhomogénea
en el diagrama O — C'. Determinamos los parametros absolutos de las componentes

mediante la solucién fotométrica y las distancias de GAIA.

Key Words: binaries: close — binaries: eclipsing — stars: individual: RU UMi,
VY UMi, GSC 04364-00648 — stars: mass-loss

1. INTRODUCTION

Eclipsing binary stars are systems where the com-
ponents are mutually obscured for the observer dur-
ing their motion around a common centre of mass. It
is a very important group of variable stars with spe-
cific and well-recognized light-curves, whose shapes
depend on the physical properties of the components
and their geometrical configuration (Hilditch 2001;
Prsa 2018; Cokina et al. 2021).

1Laboratory of space researches, Uzhhorod National Uni-
versity, Uzhhorod, Ukraine.

2Institute of Physics, Faculty of Science, P.J. Safarik Uni-
versity, Kosice, Slovakia.

Analysis of light-curves of eclipsing binaries can
reveal, among other aspects, the relative dimensions
of stars, their effective temperatures, orbital inclina-
tion, the eccentricity of the orbit, and potential spots
on their surfaces. Together with radial velocities ob-
tained from spectroscopic observations, we can de-
termine the masses of the components, their radii
and luminosities, and the dimension of their orbit.
These parameters can be also estimated if we know
the distance and the amount of interstellar extinc-
tion to the stars.

The shapes of the components in binary stars are
described by Roche geometry (e.g Prsa 2018). Ac-
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cording to this, three configurations of binaries are
possible: detached (both components are in their
Roche lobes), semidetached (one component fills its
Roche lobe), and contact, where both components
overfill their Roche lobes. All this is reflected in
the light-curves and also has other observational con-
sequences, like a period change due to mass trans-
fer, angular momentum loss (e.g. Yang et al. 2009)
and/or magnetic braking (Applegate 1992).

We now know more than 500 000 eclipsing bina-
ries (Watson et al. 2006), and in the era of large
photometric surveys (e.g. Ivezié¢ et al. 2019) one can
expect the discovery of several million new eclips-
ing binaries. But only a very small fraction of them
(less than 1%) have calculated parameters. It is a
big challenge for data analysis in the near future.

In this paper, we want to make a small contribu-
tion to the knowledge of eclipsing binary stars by a
photometry study and period analysis of three eclips-
ing binaries; two of them were not studied in detail
up to now in the literature, while for 3rd we indicate
the possible presence of a 3rd body according to the
O — C diagram.

RU UMi (TYC 4402-504-1) was for the first
time mentioned as an eclipsing binary of Algol type
by Strohmeier & Bauernfeind (1968). They anal-
ysed sky-patrol plates taken from 1931 through 1959.
Wood (1971) presented the first photometric solu-
tion and concluded that both stars are oversize for
their masses and that the object may be a contact
system of W UMa type. Other photometric solu-
tions by Nha (1973) and de Bernardi & Scaltriti
(1977) suggested that the system was close to con-
tact, while Kaluzny (1985) modeled previous data
and concluded that the system was quite close to
a semidetached configuration. It was supported by
Okazaki et al. (1988), Bell et al. (1993) and Zhu
et al. (2006). The radial velocities for the primary
component were published by Okazaki et al. (1988)
and for both components by Maxted & Hilditch
(1996). They found that mass ratios in the range
0.32 < ¢ < 0.40 provide a good solution to the light
curves.

Zhu et al. (2006) published O — C period anal-
ysis of up to date minima times observations and
suggested a continuous period decrease at a rate
dP/dt = —1.72 x 1078 dyr~! caused by a transfer
of matter from the secondary to the primary compo-
nent. Lee et al. (2008) explained the secular period
decrease by angular momentum loss (AML) due to
magnetic braking alone or, more convincingly, by a
combination of AML and mass transfer from the less
massive secondary to the more massive primary. The

distance to the system is 283.0+1.2 pc (Babusiaux
et al. 2022). RU UMi was observed in 5 sectors dur-
ing TESS mission (Ricker 2014).

VY UMi (GSC 04568-00313) was discovered
as a variable star by Strohmeier (1958). The first
ephemeris for this eclipsing binary was published
by Otero & Dubovsky (2004). The distance to
the system is 164.5+0.3 pc (Babusiaux et al. 2022).
VY UMi has no published photometric solution of
the light-curve or period analysis up to now. Mean-
while, the object was observed in 13 sectors during
the TESS mission, so it is an interesting system for
our research.

GSC 04364-00648 (TYC 4364-648-1) was men-
tioned as a variable in the Wide-field Infrared Sur-
vey Explorer (WISE) Catalog of Periodic Variable
Stars by Chen et al. (2018) with a period 0.8628506
d. The distance to the system was determined to
be 512.5+4.8 pc (Babusiaux et al. 2022). The sys-
tem has observations from 3 TESS mission sectors.
No other analysis of this eclipsing binary has been
published.

2. OBSERVATIONS AND DATA REDUCTION

All new CCD observations of eclipsing binary sys-
tems presented in this work were carried out at the
Derenivka Observatory of Uzhhorod National Uni-
versity, Ukraine (Lat: 48.563 N; Long: 22.453 E,
MPC code K99) and Kolonica Astronomical Obser-
vatory (KAO) of the P. J. Safarik University, Kogice,
Slovakia (Lat: 48.950 N; Lon: 22.266 E). Measure-
ments were collected from March 2021 to October
2021.

In the Derenivka Observatory, we used a 400 mm
Newton-type telescope with a focal ratio of /4.4
equipped with FLI PL9000 CCD camera array
(3056 %3056, pixel size 12um) with BV R Bessel pho-
tometric filters. The field of view of such configura-
tion of the system is 1.21° x 1.21°. Observations
at KAO were made by the PlaneWave CDK20 tele-
scope with a main mirror diameter of 508 mm and
a focal ratio of £/6.8 at the Cassegrain focus. The
telescope is equipped with a G4-16000 CCD cam-
era array (4096x4096, pixel size 9um) with UBV RI
Bessel photometric filters. The field of view of the
system is 37’ x 37’. The detailed journal of our CCD
observation is given in Table 1.

The CCD images were calibrated (bias and dark
subtraction, flat-field correction) utilizing the soft-
ware package CoLiTecVS (Savanevych et al. 2017;
Parimucha et al. 2019). This package was also used
for aperture photometry, calculation of differential
magnitudes according to artificial comparison stars,
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TABLE 1
THE JOURNAL OF OUR CCD OBSERVATIONS

System Date Time(UT) Phase® Filters

RU UMi Mar 03 21  17:24 - 23:05 0.646 - 0.097 BVR
Sep 06 21 20:43 - 01:00 0.151 - 0.490 BVR
Sep 09 21 17:53 - 00:48 0.640 - 0.190 BVR
Sep 12 21  17:53 - 21:49 0.356 - 0.669 BVR

VY UMi Mar 24 21 18:36 - 03:35 0.729 - 0.878 BVR
Oct 28 21 16:47 - 01:12 0.430 - 0.509 BVR
Oct 29 21 18:50 - 03:03 0.767 - 0.819 BVR

GSC Apr 04 21 18:28 - 03:02 0.469 - 0.883 BVR
04364-00648 Apr 08 21  18:27 - 23:34 0.104 - 0.351 BVR
Apr 10 21 18:28 - 02:47 0.422 - 0.824 BVR

May 08 21 19:11 - 01:52 0.908 - 0.230 BVR

Jun 08 21 20:00 - 00:51 0.875-0.109 BVR

#Phase is calculated according to ephemeris determined
in § 3.

PObservation made at KAO.

‘Photometrical data are available from the first author

upon request.

as well as calibration to the standard photometric
system. The comparison stars used for the deter-
mination of artificial ones were selected manually
according to their similarity to the studied binaries
(brightness, distance in the sky). This approach sig-
nificantly improves the quality of photometric mea-
surements. Due to unstable night-to-night observ-
ing conditions, the average precision of our measure-
ments varied ~0.01-0.05 mag in the V and R filters
and ~0.03-0.08 mag in the B filter. The comparison
stars used in our study are listed in Table 2, together
with their magnitudes from the NOMAD catalogue
(Zacharias et al. 2004, 2005).

The resulting light-curves of all eclipsing bina-
ries are depicted in Figure 1. The light-curves were
phased according to ephemerides determined from
O — C variations analyzed in the next chapter. Mag-
nitudes on Figure 1 have tiny systematic shifts ac-
cording to APASS magnitudes that are comparable
to the level of observation errors.

3. ANALYSIS OF PERIOD CHANGES

In our analysis of period changes of all systems
we have considered all available published minima
times as can be found in the O — C' gateway® as well
as minima times from our (weighted averages from
BV R light curves) and TESS observations.

Our new minima times were calculated fol-
lowing the phenomenological method described in
Mikuldsek (2015). This method gives realistic and
statistically significant errors in determining minima
times. Newly calculated minima times from our and
TESS observations are listed in Tables 7-10.

Shttp://var2.astro.cz/ocgate/

Although the first minima times of RU UMi were
obtained at the beginning of the previous century
and cover almost the whole observed range, many of
them are useless for detailed analysis. Photographic
and visual estimates have a large scatter and one can
expect large internal errors. We decided to use only
archived photoelectric and CCD minima times ob-
tained since 1990 and minima times determined from
our CCD and TESS light curves. Their precision is
in the range of 10~* days. A weighted least-squares
solution using all selected minima (weights were cal-
culated as 1/02, where o is a published or deter-
mined error of the minimum) leads to the following
linear ephemeris of the RU UMi system (errors of
parameters are given in parenthesis):

Min I = HJD 2452500.0931(4) +0%.52492591(9) x E.
(1)
This ephemeris was used to create the O — C' dia-
gram displayed in Figure 2. The inspection of O —C'
residua uncovers their low-amplitude, wave-like vari-
ations. They can be explained by the light-time ef-
fect caused by another invisible body orbiting a com-
mon center of the mass. To find the parameters of
this orbit, we used the package OCFit* (Gajdos &
Parimucha 2019). We found a 3*¢ body orbiting the
eclipsing system with a period of 7370 days (about
20.2 years) on a slightly eccentric orbit. The result-
ing parameters of its orbit are listed in Table 3. We
did not detect any secular quadratic period changes
in the data used in our analysis, which contradicts
the findings of Zhu et al. (2006) and Lee et al. (2008).
VY UMi has several CCD minima times pub-
lished from 1999 and few visual minima times,
which were omitted from our analysis. The linear
ephemeris determined from a weighted least-squares
solution (as in the previous case) is:

Min I = HJD 24552500.0090(7) +0¢.3254048(4) x E.

(2)
The eclipsing binary GSC 04364-0064 has no pub-
lished minima times. For our analysis we have used
minima times determined from TESS observations
and 2 of our new minima times. A weighted least-
squares solution using all minima (weights were cal-
culated as in the previous cases) leads to the linear
ephemeris:

Min I = HJD 24559309.7281(3) 4 02.862851(5) x E.

(3)
Ephemerides (2) and (3) were used to create the
O — C diagrams of VY UMi and GSC 04364-0064
as displayed in Figure 2. We can clearly see that, in

‘https://github.com/pavolgaj/0CFit.



© Copyright 2023: Instituto de Astronomia, Universidad Nacional Auténoma de México
DOI: https://doi.org/10.22201/ia.01851101p.2023.59.01.10

140 KUDAK ET AL.

TABLE 2
STARS USED FOR A DETERMINATION OF ARTIFICIAL COMPARISON STARS

System Comparison stars Coordinates B v R
NOMAD «(2000) 4(2000)

RU UMi 1596-0121876 13:38:09.84 +69:41:12.9 10.8230 10.066 9.580
1596-0122007 13:40:43.97 +69:36:34.7 9.769 9.349 9.070
1599-0114087 13:42:10.79 +69:59:01.9 10.410 9.923 9.590

VY UMi 1666-0084341 17:16:16.99 +76:37:00.25 11.725 10.338 9.470
1668-0086624 17:14:20.44 +76:52:34.29 11.313 10.602 10.130
1667-0084244 17:15:37.39 +76:42:45.44 12.036 11.589 11.290

GSC 1611-0075943 07:19:59.44 +71:08:30.09 12.288 11.841 11.540

04364-0064 1610-0077383 07:19:58.36 +71:05:32.56 11.157 10.646 10.310

RU UMi
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Fig. 1. Phased light curves of RU UMi, VY UMi and GSC 04364-00648 in BV R pass bands by dates of observations.
The phases are calculated according to the ephemerides determined in § 3. The color figure can be viewed online.

both cases, quadratic variations are detected, which
indicate mass transfer between components and/or
magnetic braking. The quadratic ephemerides of
both systems are given in Table 3.

4. LIGHT CURVE ANALYSIS

For the analysis of the light curves of all three
systems, we have relied on the ELISa® code (Cokina
et al. 2021). It is a cross-platform Python software
package dedicated to modeling close eclipsing bina-
ries including surface features such as spots and pul-

Shttps://github.com/mikecokina/elisa.

sations. ELISa utilizes modern approaches to the EB
modeling with an emphasis on computational speed,
while maintaining a sufficient level of precision to
process a ground-based and space-based observation.
It was designed for easy use even by a not very expe-
rienced user. In this paper, we take advantage of its
capability to model the light curves of close eclips-
ing binaries with the built-in capability to solve an
inverse problem using a least squares thrust region
reflective algorithm and Markov Chain Monte-Carlo
(MCMC) methods (for references see Cokina et al.
2021).
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TABLE 3
PARAMETERS OF PERIOD CHANGES DETECTED IN THE STUDIED ECLIPSING SYSTEMS

RU UMi VY UMi GSC 04364-00648
P[d] - 0.3254004(4) 0.862839(1)
Ty - 2452500.0469(38) 2459309.7273(2)
Q[d] - 1.14(3)x1071° -2.67(2)x1078
Ps[d] 7370(42) - -
To, 2458984 (55) - -
es 0.199(1) - -
ws[°] 116(3) - -
a12siniz [AU]J 0.247(2) - -

f(ms) [Mg] 3.69(8)x107°

P, Ty, Q are period, reference minimum time and quadratic term. Ps, To,, es, ws, aizsiniz and f(ms) describe
parameters of the 3' body orbit, period, time of periastron passage, eccentricity, argument of periastron, projection

of semi-major axis and mass function.
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Fig. 2. O — C diagrams of studied systems according to linear ephemeris in § 3. The color figure can be viewed online.

At the beginning of the fitting process, it is nec-
essary to prepare the input data. ELISa requires
phased light curves with normalized flux. All our
phased observations in all pass bands were trans-
formed to flux and normalized according to flux in
the maxima, and were simultaneously fitted by the
least-squares method to find the global optimal so-

lution. Subsequently, MCMC sampling was used to
produce 1o confidence intervals of the fitted system’s
parameters.

Each system was fitted with a model containing
5 free parameters: orbital inclination i, photometric
mass ratio g¢,, surface potentials of both components
Q4 and €5 and the effective temperature of the sec-
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TABLE 4
PHOTOMETRIC PARAMETERS OF THE STUDIED SYSTEMS

RU UMi VY UMi GSC 04364-00648
Primary Secondary Primary Secondary Primary Secondary

i [deg] 83.410:55 85.11022 76.970-20

ap (M2/M1) 0.34179:520 0.5367992 0.44070 013

T [K] 7420° 48851358 5340° 48501220 7970° 4065135

Q 2.63270:943 2.56815-937 2.82170:034 4.13810-933 2.76710 932

1Y /1 0931563 00745 0.68%5%% 0.32%55 0.92¥508 0.08¥503

Qv 25530022 20430082, 27600228

R*[SMA] 045710005 0.28610001 04651000 0.357rgonr  0.273%0000  0.30810:003

#Temperatures of the primary component for all systems were adopted from Babusiaux et al. (2022).

ondary component Ty i1 Temperatures of the pri-
mary component T} T for all systems were adopted
from Babusiaux et al. (2022) and were fixed during
the fitting process, while temperatures of the sec-
ondary component were fitted with no restrictions.

For the components with convective envelopes
(effective temperatures bellow ~7000K), the albe-
dos A, As of components were set to 0.6 (Ruciriski
1969) and the gravity darkening factors, g; and g to
0.32 (Lucy 1967). In the case of radiative envelope
(above ~7000K), the values of albedo and gravity
darkening factor were both set to 1.0. Castelli &
Kurucz (2003) models of stellar atmospheres were
used. The linear limb darkening coefficients for each
component were interpolated from the van Hamme
(1993) tables.

The weights of individual data points were estab-
lished as 1/02, where o is the standard error of point
derived during photometric measurement. Initially,
the least-squares algorithm was used with suitable
initial parameters to find an approximate solution,
and then the parameter space near the solution was
explored with MCMC sampler with 500 walkers and
500 iterations with the prior 300 iterations discarded
as they belonged to the thermalization stage of the
sampling.

The resulting as well as the derived parameters
of all systems, like relative luminosities of the com-
ponents in the V filter l}/,z/l,}f,t, a critical potential
Qerit, & corresponding equivalent radius R? in SMA
units (semi-major axis), are listed in Table 4. The
best-fit models with observed LCs and resulting flat
chains displayed in the form of the corner plot are
shown in Figure 3, and 3D models with the surface
temperature distributions are shown in Figure 4.

TABLE 5
PARAMETERS OF THE SPECTROSCOPIC
ORBIT"
My [Mg) 2651014 K1 [km/s)] 96.5%%5
M> [Mg]  0.857012 K1 [km/s] 301.673%®
Ri [Ro)] 1.89707% g 032700
Rs [Ro) 1.18%03 asini [Re) 4131508
L1 [Lo] 9.61%7 7% v [km/s]  —21.0757
Ly [Lo] 0.714515
a [Ro) 4155503

“And absolute parameters of RU UMi system derived
from radial velocity and light curve solutions.

5. ABSOLUTE PARAMETERS OF THE
SYSTEMS

The absolute parameters of the binary compo-
nents, like their masses M o, radii Ry 2, luminosi-
ties L1 2 and semi-major axis of the orbit a, can be
mainly determined by the combination of the pho-
tometric solution and an analysis of the radial ve-
locity curve. Radial velocities are available only for
the system RU UMi (Okazaki et al. 1988; Maxted
& Hilditch 1996). We used their measurements and
re-analyzed them with the ELISa code (assuming cir-
cular orbit) and determined orbital and absolute pa-
rameters of the components, as listed in Table 5.

But if we know the distance to an object from in-
dependent measurements (e.g parallaxes from GAIA
measurements), we can find absolute parameters
from properties of binary derived from photometric
solution and using basic relationships, described in
the following text.

Let us assume that we have calculated g, 7, 11 2,
R{Y, and I}, /1},, from the analysis of the light curves
and we know the standard V magnitude of the sys-
tem in phase 0.25. The absolute magnitude My of
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Fig. 3. The synthetic model fitted on observational data of (from top) RU UMi, VY UMi and GSC 04364-0064 together
with the corresponding results of the MCMC sampling displayed in the form of the corner plot. The color figure can be

viewed online.

the system we can find from equation
MY =V —5log(d) +5— AY, (4)

where d is the distance and the extinction coeflicient
AV can be determined from the dust map in Green
et al. (2019). The absolute magnitudes of each com-
ponent can be found from relation

|4

I
M, = MY = ~25log 1= (5)
tot

The corresponding bolometric magnitude is
M{st = MY, + BC, (6)

where the bolometric correction is taken from Eker
et al. (2020). If we assume that the bolometric mag-
nitude of the Sun is MF°'=4.73 mag (Torres 2010),
the luminosities of the components can be found
from

L
MPgH— M5 = —2.510g —Ll(f, (7)
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TABLE 6

ABSOLUTE PARAMETERS OF THE STUDIED SYSTEMS DERIVED FROM THEIR DISTANCES AND
PHOTOMETRIC SOLUTIONS

RU UMi VY UMi GSC 04364-00648

Primary Secondary Primary Secondary Primary Secondary
M [Mg)] 1.90(21) 0.64(17) 0.97(15) 0.52(18) 2.54(42) 1.12(31)
R [Ro)] 1.55(11) 1.16(9) 0.96(2) 0.87(2) 1.22(3) 2.25(5)
L [Lo] 6.61(1.47) 0.69(14) 0.67(10) 0.38(11) 5.40(1.34) 1.24(23)
a [Ro] 3.74(37) 2.27(21) 5.88(79)
AV [mag] 0.0 0.0 0.03(3)
M5 [mag] 2.67(7) 5.12(13) 5.16(8) 5.75(14) 2.89(8) 4.49(11)
BC [mag] 0.06 -0.31 -0.082 -0.30 0.03 -1.03
d [pc] 283.0(1.2) 164.5(3) 512.5(4.8)

and the corresponding radii are

Lo
Rip=, /7% : 8
b2 4 70 14,2 ( )

The distance between components can be found us-
ing their equivalent radii RY%

1 < Ry Ry )
a= = € + € . (9)
2\ R}Y Ry
The total mass M; + M, of the system can be
derived using Kepler’s 3" law

a3 G(Ml + MQ)

ﬁ = 47T2 ) (10)
and individual masses can be found from the mass
ratio gp.

The absolute parameters for the studied objects
determined by the method described above are listed
in Table 6. The uncertainties of the parameters were
calculated considering the errors of the light curve
solutions of the systems and errors in their distances.

6. DISCUSSION AND CONCLUSIONS

In our study, we have presented the photometric
analysis of multi-color BV R and TESS photometry
of three eclipsing binaries, RU UMi, VY UMi and
GSC 04364-00648, for the first time for the last two
systems. We have also analyzed their period varia-
tions considering archival data and our new minima
times. The presented photometry solutions, mainly
for VY UMi and GSC 04364-00648, has some small
disagreements with observations; the residuals at
some phases show up to 0.1 deviations in normal-
ized flux value. These issues can be caused by spots,
weather conditions, etc. They are really small, and

we cannot even try to explain what phenomena they
are caused by. Future observation is needed for this
purpose.

RU UMi has been studied in the past years by
several authors. Recently, Lee et al. (2008) analyzed
period variations, fitted light-curve and determined
absolute parameters of the components from the ra-
dial velocities solution. From their period analysis
they concluded that long-term period changes can
be caused by the combination of angular momen-
tum loss (AML) and mass transfer from the less
massive secondary to the more massive primary. In
our period analysis, we used only minima times ob-
tained from ground-based photoelectric and CCD
observations, as well as satellite observations from
TESS, where we can expect higher precision with
respect to older visual and photographic observa-
tions. We detected wave-like variations with low
amplitude (= 5 minutes) in O — C residua. They
can be interpreted as a consequence of the light-
time effect caused by the 3'd invisible component.
From the parameters listed in Table 3 we can see
that the orbital period of the 3" body is 7370 days
and the orbit is slightly eccentric. According to the
mass function of the 3'¢ body f(m3) and masses of
the binary components (see Table 6), we can find
that the minimum mass of the 3"0 component in
the case of an edge-on orbit (siniz = 1) should
be M3=0.063(16)Mg ~ 60M;. It corresponds to
a low massive red dwarf or more probably (due to
its mass), it is a brown dwarf (Joergens 2014) with
very low luminosity. This is supported also by the
results of the photometric solution, where no 3™
light was detected. Photometric analysis of BV R
and TESS light curves confirmed previous findings
that RU UMi is a near contact system with a sec-
ondary component that almost fulfills its Roche lobe.
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Fig. 4. 3D models with the surface temperature
distributions of (from top) RU UMi, VY UMi and
GSC 04364-0064. The color figure can be viewed online.

We were not able to find any satisfactory LC solu-
tion with spot(s) (not even TESS LC) as was done by
Lee et al. (2008), although some wave-like variation
is visible in the residuals in Figure 3. We can ex-
plain it by the temporal evolution of the spot, when
the spot parameters, such as diameter, temperature
and position on the star’s surface, are changing over
decades. Our absolute parameters of components
determined from the radial velocity solution are a
little larger than presented in Lee et al. (2008). On

the other hand, the absolute parameters determined
from GAIA parallax are smaller than previously de-
termined and correspond to an A6V primary compo-
nent and an evolved K5 star secondary. This differ-
ences deserve deeper analysis, because many factors
can affect the results. One of them is the mass ratio,
which has strong influence on the partial dimensions
of the components as well on the inclination, due to
the ¢—1 correlation. Terrell & Wilson (2005) showed
that the photometric mass ratio for semi-detached
and over-contact binaries is often overestimated for
partial eclipses. Recently Terrell (2022) noted that
not properly modeled third light will lead to mass ra-
tios that are too low. Our solution of RU UMi show
no third light and no total eclipses on the LCs (just
like other stars). The presented photometric mass
ratios ¢, have to be considered as a high estimates
and this affects also the determination of absolute
parameters from distances.

Photometric analysis of VY UMi showed that the
system is a typical W UMa type overcontact binary
with a more massive primary component (g,=0.535).
Its orbital period and the determined tempera-
tures of both components place the system in the
W-type subclass of overcontact binaries. The de-
tected parabolic period change reflected on the O—C'
diagram can be explained by the mass transfer from
a less massive star to a more massive one. The period
increase with a rate of 2.56(9)x10~7d/yr~! detected
in the VY UMi system corresponds to mass trans-
fer from the secondary to the primary component.

The first photometric solution of the
GSC 04364-00648 light curves revealed that
the system is semi-detached binary, where a cool
secondary component almost fills its Roche lobe,
as detected in some other near-contact systems,
like EG Cep (Djurasevi¢ et al. 2013) or CR Tau
(Kudak et al. 2021). Although we can see some
quadratic changes on the O — C' diagram, which
corresponds to a period decrease with a high rate
of —2.26(5) x 107° d/yr~!, we cannot make strict
conclusions about period variations in the system,
mainly due to the short time (2019-2021) and
uneven coverage of the O — C diagram. We have to
wait for other observations to confirm or disprove
this trend.

This work was supported by Ukrainian National
Grant 01220000937 and by the Slovak Research and
Development Agency under contract No. APVV-20-
0148. The research of P.G. was supported by the
internal grant No. VVGS-PF-2021-2087 of the Fac-
ulty of Science, P. J. Saférik University in Kosice.
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TABLE 7

RU UMI TIMES OF MINIMA DETERMINED FROM TESS LIGHT CURVES"

BJD

BJD

BJD

BJD

BJD

BJD

BJD

58683.4591(5)
58683.7210(10)
58683.9827(1)
58684.2447(2)
58684.5074(1)
58684.7694(2)
58685.0323(1)
58685.2944(2)
58685.5573(1)
58685.8194(2)
58686.0823(1)
58686.3443(2)
58686.6071(1)
58686.8692(2)
58687.1321(1)
58687.3941(2)
58687.6569(1)
58688.1820(12)
58688.4440(23)
58688.7068(1)
58688.9690(21)
58689.2316(1)
58689.4937(2)
58689.7567(1)
58690.0188(2)
58690.2813(1)
58690.5437(2)
58690.8065(1)
58691.0687(2)
58691.3313(1)
58691.5935(2)
58691.8563(1)
58692.1184(2)
58692.3850(20)
58692.6441(2)
58692.9063(1)
58693.1684(2)
58693.4313(1)
58693.6934(2)
58693.9559(1)
58694.2182(2)
58694.4807(1)
58694.7431(2)
58695.0062(1)
58695.2681(2)
58695.5308(1)
58695.7930(22)
58696.0559(1)
58697.6307(1)
58697.8928(2)
58698.1556(9)
58698.4177(2)
58698.6805(1)
58698.9425(2)
58699.2056(1)
58699.4674(2)
58699.7303(1)
58699.9923(2)
58700.2553(1)
58700.5173(2)
58700.7803(1)

58706.2924(2)
58706.5541(1)
58706.8163(2)
58707.0794(1)
58707.3413(2)
58707.6043(1)
58707.8672(2)
58708.1292(1)
58708.3912(2)
58708.6541(1)
58708.9161(2)
58709.1791(1)
58709.4411(2)
58709.7040(1)
58709.9671(2)
58711.8037(1)
58712.0657(2)
58712.3286(1)
58712.5906(2)
58712.8536(1)
58713.1156(2)
58713.3785(1)
58713.6405(2)
58713.9036(1)
58714.1654(2)
58714.4286(1)
58714.6905(2)
58714.9533(1)
58715.2165(2)
58715.4772(3)
58716.0030(10)
58716.2651(2)
58716.5281(1)
58716.7901(2)
58717.0529(1)
58717.3150(24)
58717.5779(1)
58717.8400(21)
58718.1031(1)
58718.3648(2)
58718.6278(1)
58718.8898(2)
58719.1527(1)
58719.4159(2)
58719.6771(2)
58719.9590(20)
58720.2025(1)
58720.4646(2)
58720.7277(1)
58720.9896(2)
58721.2525(1)
58721.5145(2)
58721.7773(1)
58722.0394(2)
58722.3024(1)
58722.5642(2)
58722.8273(1)
58723.0893(2)
58723.3520(12)
58723.6155(2)
58725.1890(23)

58730.7012(1)
58730.9632(2)
58731.2262(9)
58731.4882(2)
58731.7511(1)
58732.0130(21)
58732.2761(1)
58732.5380(20)
58732.8008(1)
58733.0630(21)
58733.3253(2)
58733.5904(2)
58733.8509(1)
58734.1127(2)
58734.3757(1)
58734.6377(2)
58734.9006(1)
58735.1626(2)
58735.4257(1)
58735.6874(2)
58735.9504(1)
58736.2125(2)
58736.4755(1)
58736.7374(2)
58737.0004(1)
58870.8572(3)
58871.1191(2)
58871.3818(1)
58871.6437(2)
58871.9065(1)
58872.1686(2)
58872.4315(1)
58872.6935(2)
58872.9569(2)
58873.2186(2)
58873.4816(1)
58873.7435(2)
58874.0064(1)
58874.2683(2)
58874.5313(1)
58874.7932(2)
58875.0564(1)
58875.3182(2)
58875.5813(1)
58875.8430(20)
58876.1061(1)
58876.3679(1)
58876.6317(6)
58876.8921(3)
58877.1560(12)
58877.4178(2)
58877.6809(1)
58877.9427(2)
58878.2058(1)
58878.4677(2)
58878.7308(1)
58878.9927(2)
58879.2555(1)
58879.5176(2)
58879.7806(1)
58880.0425(2)

58886.8666(2)
58887.1296(1)
58887.3914(2)
58887.6544(1)
58887.9164(2)
58888.1793(1)
58888.4413(2)
58888.7046(1)
58888.9664(2)
58889.2293(1)
58889.4912(2)
58889.7543(1)
58890.0161(2)
58890.2793(1)
58890.5410(21)
58890.8042(1)
58891.0661(2)
58891.3293(1)
58891.5913(1)
58891.8539(1)
58892.1159(2)
58892.3788(1)
58892.6407(2)
58892.9037(1)
58893.1657(2)
58893.4289(1)
58893.6906(2)
58893.9536(1)
58894.2156(2)
58894.4786(1)
58894.7404(2)
58895.0033(1)
58895.2654(2)
58895.5285(1)
58895.7904(2)
58896.0534(1)
58896.3154(1)
58896.5783(1)
58896.8402(2)
58897.1032(1)
58897.3653(2)
58897.6277(1)
58899.4663(1)
58899.7285(3)
58899.9897(2)
58900.2535(3)
58900.5156(2)
58900.7786(3)
58901.0399(1)
58901.3032(3)
58901.5648(1)
58901.8268(4)
58902.0899(1)
58902.3519(3)
58902.6069(6)
58902.8732(8)
58903.1397(6)
58903.4005(9)
58903.6752(8)
58903.9267(4)
58904.1896(1)

58910.7460(11)
58911.0137(7)
58911.2710(10)
58911.5387(7)
58911.7950(20)
58913.9016(3)
58914.1627(2)
58914.4261(2)
58914.6877(2)
58914.9513(3)
58915.2128(2)
58915.4765(3)
58915.7377(1)
58916.0014(3)
58916.2626(1)
58916.5259(4)
58916.7789(8)
58917.0450(9)
58917.3119(7)
58917.5720(11)
58917.8376(6)
58918.0950(21)
58918.3627(7)
58918.8876(7)
58919.1440(20)
58919.4125(7)
58920.2051(9)
58920.7190(20)
58920.9868(7)
58921.2450(21)
58921.5123(7)
58921.7690(20)
58922.0371(7)
58922.2950(21)
58922.5621(7)
58922.8190(20)
58923.0864(7)
58923.3430(22)
58923.8690(20)
58924.1364(7)
58924.3940(21)
58924.6619(7)
58924.9190(20)
58925.1867(7)
58925.4440(21)
58925.9690(20)
58926.2364(8)
58926.4860(10)
59420.1901(2)
59420.4530(10)
59420.7150(20)
59420.9779(9)
59421.2399(2)
59421.5030(10)
59421.7650(20)
59422.0278(1)
59422.2898(2)
59422.5527(1)
59422.8147(2)
59423.0777(1)
59423.3397(2)

59428.8517(1)
59429.1138(2)
59429.3768(1)
59429.6388(2)
59429.9018(1)
59430.1637(2)
59430.4267(1)
59430.6886(2)
59430.9515(1)
59431.2135(2)
59431.4764(1)
59431.7385(2)
59432.0014(1)
59432.2631(1)
59432.5255(6)
59433.8383(2)
59434.1010(10)
59434.3631(2)
59434.6260(10)
59434.8880(21)
59435.1510(9)
59435.4130(22)
59435.6760(10)
59435.9379(2)
59436.2008(1)
59436.4628(2)
59436.7257(1)
59436.9877(2)
59437.2507(1)
59437.5127(2)
59437.7756(1)
59438.0377(2)
59438.3006(1)
59438.5625(2)
59438.8254(1)
59439.0874(2)
59439.3504(1)
59439.6124(2)
59439.8754(1)
59440.1374(2)
59440.4003(1)
59440.6622(2)
59440.9250(10)
59441.1872(2)
59441.7120(20)
59441.9750(10)
59442.2370(20)
59442.7619(2)
59443.0250(10)
59443.2868(2)
59443.5498(1)
59443.8117(2)
59444.0746(1)
59444.3367(2)
59444.5996(1)
59444.8616(2)
59445.1246(1)
59445.3865(2)
59445.6495(1)
59445.9114(2)
59446.1744(1)

AR AR A S~

AN A A AN~

59585.0166(2)
59585.5416(2)
59585.8049(2)
59586.0665(2)
59586.3312(2)
59586.5911(2)
59586.8546(2)
59587.1164(2)
59587.3796(2)
59587.6413(2)
59587.9044(2)
59588.1662(2)
59588.4297(2)
59588.6911(2)
59588.9543(2)
59589.2161(2)
59589.4791(2)
59589.7410(20)
59590.0042(2)
59590.2660(20)
59590.5291(2)
59590.7908(2)
59591.0541(2)
59591.3158(2)
59591.5790(20)
59591.8407(2)
59592.1039(2)
59592.3656(2)
59592.6290(20)
59594.2037(2)
59594.4653(2)
59594.7287(2)
59594.9902(2)
59595.2537(2)
59595.5152(2)
59595.7789(2)
59596.0401(2)
59596.3035(2)
59596.5651(2)
59596.8285(1)
59597.0899(2)
59597.3534(2)
59597.6149(2)
59597.8782(2)
59598.1398(2)
59598.4031(2)
59598.6647(2)
59598.9282(2)
59599.1897(2)
59599.4528(2)
59599.7146(2)
59599.9780(20)
59600.2408(3)
59600.7660(10)
59601.0278(2)
59601.2894(2)
59601.5529(2)
59601.8143(2)
59602.0777(2)
59602.3393(2)
59602.6026(2)

* . .
Errors are in parenthesis.
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TABLE 7. CONTINUED
RU UMI TIMES OF MINIMA DETERMINED FROM TESS LIGHT CURVES"

BJD

BJD

BJD

BJD

BJD

BJD

BJD

58701.0422(2)
58701.3053(1)

58701.5570(11)

58701.8292(3)
58702.0927(2)
58702.3552(1)

58702.6170(20)

58702.8797(1)
58703.1419(2)
58703.4050(1)
58703.6669(2)
58703.9298(1)
58704.1918(2)
58704.4548(1)
58704.7168(2)
58704.9797(1)
58705.2418(2)
58705.5044(1)
58705.7660(1)
58706.0289(2)

58725.4521(1)
58725.7154(2)
58725.9739(9)
58726.2402(1)
58726.5019(1)
58726.7639(2)
58727.0268(1)
58727.2888(2)
58727.5517(1)
58727.8136(2)
58728.0766(1)
58728.3386(2)
58728.6015(1)
58728.8633(2)
58729.1258(4)
58729.3882(3)
58729.6514(1)
58729.9134(2)
58730.1763(1)
58730.4383(2)

58880.3056(1)
58880.5674(2)
58880.8305(1)
58881.0923(2)
58881.3554(1)
58881.6173(2)
58881.8804(1)
58882.1422(2)
58882.4053(1)
58882.6668(1)
58882.9380(10)
58883.1923(2)
58883.4553(1)
58883.7169(1)
58885.2924(1)
58885.5549(1)
58885.8167(2)
58886.0798(1)
58886.3415(2)
58886.6049(1)

58904.4516(4)
58904.7147(1)
58904.9773(3)
58905.2393(1)
58905.5015(4)
58906.0240(9)
58906.5460(22)
58906.8143(7)
58907.0720(11)
58907.3392(6)
58907.5960(22)
58907.8639(6)
58908.1210(19)
58908.3891(6)
58908.6470(10)
58909.1720(11)
58909.6960(22)
58909.9638(6)
58910.2220(10)
58910.4888(7)

59423.6027(1)
59423.8646(2)
59424.1275(1)
59424.3894(2)
59424.6525(1)
59424.9144(2)
59425.1773(1)
59425.4394(2)
59425.7022(1)
59425.9640(10)
59426.2276(7)
59426.4890(20)
59426.7521(1)
59427.0141(2)
59427.2771(1)
59427.5390(19)
59427.8019(1)
59428.0640(20)
59428.3270(10)
59428.5889(2)

59446.4364(2)
59580.0305(1)
59580.2920(20)
59580.5558(2)
59580.8172(2)
59581.0806(2)
59581.3422(2)
59581.6057(2)
59581.8670(20)
59582.1305(2)
59582.3920(20)
59582.6552(2)
59582.9169(2)
59583.1802(2)
59583.4419(2)
59583.7054(2)
59583.9668(2)
59584.2301(2)
59584.4918(2)
59584.7552(2)

59602.8642(2)
59603.1274(2)
59603.3891(2)
59603.6525(2)
59603.9141(2)
59604.1773(2)
59604.4390(20)
59604.7026(1)
59604.9638(2)
59605.2275(2)
59605.4888(2)
59605.7526(2)
59606.0138(2)
59606.2774(2)
59606.5387(2)

* . .
Errors are in parenthesis.

TABLE 8

VY UMI TIMES OF MINIMA DETERMINED FROM TESS LIGHT CURVES"
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BJD

BJD

BJD

BJD

BJD

BJD

BJD

59390.7777(4)
59390.9408(1)
59391.1038(1)
59391.2662(9)
59391.4289(2)
59391.5915(1)
59391.7547(1)
59391.9169(1)
59392.0801(1)
59392.2424(1)
59392.4057(1)
59392.5679(1)
59392.7308(1)
59392.8932(1)
59393.0563(1)
59393.2186(1)
59393.3817(1)
59393.5440(1)
59393.7071(1)
59393.8695(1)
59394.0326(1)
59394.1949(1)
59394.3579(6)
59394.5203(1)
59394.6834(1)
59394.8458(1)
59395.0089(1)
59395.1711(1)
59395.3340(1)
59395.4964(1)
59395.6595(1)
59395.8218(1)
59395.9849(7)
59396.1472(1)
59396.3105(6)
59396.4726(1)

59406.5601(1)
59406.7234(1)
59406.8855(1)
59407.0486(1)
59407.2108(1)
59407.3742(6)
59407.5363(1)
59407.6994(1)
59407.8616(1)
59408.0249(1)
59408.1872(1)
59408.3502(1)
59408.5126(1)
59408.6759(1)
59408.8379(1)
59409.0012(1)
59409.1633(7)
59409.3265(5)
59409.4887(1)
59409.8141(8)
59409.9773(1)
59410.1395(1)
59410.3029(1)
59410.4649(1)
59410.6282(1)
59410.7903(1)
59410.9536(1)
59411.1158(8)
59411.2790(1)
59411.4411(1)
59411.6045(1)
59411.7662(1)
59411.9293(5)
59412.2538(5)
59412.4174(1)
59412.5807(1)

59423.1556(1)
59423.3189(1)
59423.4809(1)
59423.6442(1)
59423.8064(1)
59423.9697(1)
59424.1318(1)
59424.2951(1)
59424.4572(1)
59424.6205(1)
59424.7823(1)
59424.9458(1)
59425.1076(1)
59425.2713(1)
59425.4330(1)
59425.5967(1)
59425.7585(1)
59425.9221(1)
59426.0814(7)
59426.2465(6)
59426.4062(7)
59426.5724(2)
59426.7349(1)
59426.8984(1)
59427.0602(1)
59427.2239(2)
59427.3855(8)
59427.5491(1)
59427.7110(1)
59427.8745(1)
59428.0365(1)
59428.1999(1)
59428.3618(1)
59428.5254(4)
59428.6871(1)
59428.8502(2)

59439.1004(1)
59439.2638(1)
59439.4256(1)
59439.5892(1)
59439.7511(1)
59439.9134(6)
59440.0763(3)
59440.2385(5)
59440.4021(1)
59440.5653(1)
59440.7273(1)
59440.8908(4)
59441.0528(1)
59441.2162(1)
59441.3783(8)
59441.5415(1)
59441.7035(1)
59441.8670(1)
59442.0290(1)
59442.1924(1)
59442.3543(9)
59442.5177(1)
59442.6798(1)
59442.8432(1)
59443.0053(8)
59443.1686(1)
59443.3307(1)
59443.4936(2)
59443.6561(1)
59443.8194(1)
59443.9814(1)
59444.1450(20)
59444.3068(1)
59444.4702(1)
59444.6322(1)
59444.7956(4)

59586.9968(2)
59587.1606(1)
59587.3229(2)
59587.4858(1)
59587.6475(2)
59587.8113(1)
59587.9738(2)
59588.1367(1)
59588.2990(20)
59588.4624(1)
59588.6246(2)
59588.7877(1)
59588.9499(2)
59589.1131(1)
59589.2746(2)
59589.4384(1)
59589.6001(2)
59589.7640(10)
59589.9254(2)
59590.0894(1)
59590.2510(20)
59590.4148(1)
59590.5763(2)
59590.7402(1)
59590.9025(2)
59591.0655(1)
59591.2270(22)
59591.3909(1)
59591.5524(2)
59591.7167(1)
59591.8786(2)
59592.0418(1)
59592.2041(2)
59592.3671(1)
59592.5294(2)
59592.6923(1)

NN AN S AN A~

59602.7798(1)
59602.9422(1)
59603.1054(1)
59603.2671(1)
59603.4307(1)
59603.5931(2)
59603.7562(1)
59603.9184(1)
59604.0816(1)
59604.2432(2)
59604.4070(10)
59604.5693(2)
59604.7324(1)
59604.8948(2)
59605.0579(1)
59605.2201(2)
59605.3833(1)
59605.5454(1)
59605.7087(1)
59605.8704(1)
59606.0341(1)
59606.1958(1)
59606.3593(1)
59606.5210(21)
59606.6845(1)
59606.8457(6)
59608.7994(5)
59608.9619(6)
59609.1250(20)
59609.2881(1)
59609.4504(2)
59609.6136(1)
59609.7759(2)
59609.9389(1)
59610.1014(2)
59610.2643(1)

59619.5379(2)
59619.7013(1)
59619.8635(2)
59620.0265(1)
59620.1888(2)
59620.3517(1)
59620.5133(2)
59620.6776(1)
59620.8388(2)
59621.0027(1)
59621.1641(2)
59621.3282(1)
59623.7672(3)
59623.9314(1)
59624.0937(2)
59624.2567(1)
59624.4181(2)
59624.5821(1)
59624.7435(2)

59624.9080(10)

59625.0699(2)
59625.2333(1)
59625.3954(2)
59625.5582(1)
59625.7198(2)
59625.8842(1)
59626.0452(2)
59626.2091(1)
59626.3716(2)
59626.5349(1)

59626.6960(20)

59626.8599(1)
59627.0214(2)
59627.1854(1)
59627.3469(2)
59627.5107(1)

* . .
Errors are in parenthesis.
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TABLE 8. CONTINUED

BJD BJD BJD BJD BJD BJD BJD
59396.6359(1) 59412.7423(1 59429.0128(1)  59444.9575(1) 59592.8531(7) 59610.4258(2) 59627.6733(2)
59396.7979(1) 59412.9060(1 59429.1762(1)  59445.1211(1) 59594.1564(2) 59610.5896(10) 59627.8365(1)
59396.9612(1) 59413.0683(1 59429.3381(1)  59445.2829(1) 59594.3195(1) 59610.7512(2) 59627.9986(3)
59397.1235(1) 59413.2315(1 59429.5013(1)  59445.4465(1) 59594.4818(2) 59610.9151(1) 59628.1617(1)

59397.2868(8)
59397.4484(8)
59397.6121(5)
59397.7769(8)
59397.9374(1)
59398.0996(1)
59398.2627(1)
59398.4249(1)
59398.5883(1)
59398.7504(1)
59398.9137(1)
59399.0757(1)
59399.2389(1)
59399.4011(1)
59399.5645(1)
59399.7266(1)
59399.8894(1)
59400.0519(9)
59400.2153(1)
59400.3774(1)
59400.5406(1)
59400.7028(1)
59401.0281(1)
59401.1915(1)
59401.3535(1)
59401.5168(1)
59401.6789(1)
59401.8423(1)
59402.0044(1)
59402.1675(1)
59402.3297(1)
59402.4929(1)
59402.6551(1)
59402.8185(1)
59402.9807(1)
59403.1442(2)
59403.3060(1)
59403.4694(1)
59403.6312(1)
59403.7945(1)
59403.9568(1)
59404.1201(1)
59404.2819(8)
59405.4201(5)
59405.5834(1)
59405.7470(1)
59405.9091(1)
59406.0724(6)
59406.2347(1)
59406.3979(1)

59413.3933(1
59413.5568(1
59413.7187(1
59413.8823(1
59414.0444(1
59414.2076(1
59414.3698(1
59414.5330(1
59414.6951(1
59414.8587(2
59415.0204(1
59415.1837(1
59415.5093(
59415.6712(
59415.8346(
59415.9966(
59416.1601(1
59416.3219(1
59416.4851(2
59416.6475(1
59416.8109(1
59416.9728(8
59417.1365(2
59417.2979(
59417.4616(
59417.6237(
59417.7871(1
59417.9489(1
59418.1126(2
59418.2743(1
a
(
(
a
a
(
(

1
1
1
1

1
1
1

59418.4379
59418.5990(20)
59420.2257(4
59420.3904
59420.5522
59420.7157(4
59420.8776(1
59421.0412(1
59421.2028(1
59421.3664(1
59421.5285(1
59421.6919(1
59421.8538(1
59422.0172(1
59422.1790(1
59422.3428(1
59422.5048(1
59422.6680(1
59422.8298(1
(

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
0
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
59422.9935(1)

59429.6636(1)
59429.8271(1)
59429.9891(1)
59430.1524(1)
59430.3143(1)
59430.4778(6)
59430.6397(1)
59430.8032(1)
59430.9652(1)
59431.1286(1)
59431.2905(1)
59431.4540(1)
59431.6159(1)
59431.7795(1)
59431.9413(1)
59432.1048(1)
59432.2669(1)
59432.4311(4)
59433.8933(5)
59434.0574(1)
59434.2193(1)
59434.3823(2)
59434.5448(1)
59434.7082(1)
59434.8701(1)
59435.0337(1)
59435.1954(1)
59435.3589(1)
59435.5209(1)
59435.6843(1)
59435.8461(1)
59436.0097(1)
59436.1718(1)
59436.3351(1)
59436.4972(1)
59436.6606(1)
59436.8224(1)
59436.9859(1)
59437.1478(1)
59437.3113(1)
59437.4734(1)
59437.6367(1)
59437.7987(1)
59437.9621(1)
59438.1242(1)
59438.2875(1)
59438.4496(1)
59438.6129(1)
59438.7748(1)
59438.9384(1)

59445.6085(1)
59445.7719(1)
59445.9338(1)
59446.0972(1)
59446.2594(1)
59446.4218(3)
59579.8384(5)
59580.0012(5)
59580.1634(2)
59580.3274(1)
59580.4896(2)
59580.6528(1)
59580.8150(20)
59580.9779(1)
59581.1396(2)
59581.3035(1)
59581.4649(2)
59581.6291(1)
59581.7912(2)
59581.9541(1)
59582.1166(2)
59582.2799(1)
59582.4412(2)
59582.6052(1)
59582.7674(2)
59582.9306(1)
59583.0928(2)
59583.2558(1)
59583.4182(2)
59583.5813(1)
59583.7427(2)
59583.9066(1)
59584.0691(2)
59584.2322(1)
59584.3944(2)
59584.5575(1)
59584.7199(2)
59584.8830(10)
59585.0452(2)
59585.2083(1)
59585.3706(2)
59585.5337(1)
59585.6960(21)
59585.8591(1)
59586.0213(2)
59586.1834(5)
59586.3450(28)
59586.5115(5)
59586.6721(2)
59586.8353(1)

59594.6448(1)
59594.8071(2)
59594.9701(1)
59595.1324(1)
59595.2957(1)
59595.4574(1)
59595.6210(1)
59595.7833(2)
59595.9464(1)
59596.1089(2)
59596.2717(1)
59596.4342(1)
59596.5971(1)
59596.7596(1)
59596.9225(1)
59597.0850(21)
59597.2479(1)
59597.4104(1)
59597.5735(1)
59597.7352(1)
59597.8988(1)
59598.0612(2)
59598.2242(1)
59598.3865(1)
59598.5496(9)
59598.7114(1)
59598.8751(1)
59599.0375(2)
59599.2005(1)
59599.3628(1)
59599.5258(1)
59599.6876(2)
59599.8513(1)
59600.0136(1)
59600.1756(3)
59600.3387(4)
59600.5006(5)
59600.6648(5)
59600.8274(1)
59600.9891(2)
59601.1529(1)
59601.3146(2)
59601.4783(1)
59601.6406(2)
59601.8038(1)
59601.9651(2)
59602.1290(1)
59602.2913(1)
59602.4545(9)
59602.6169(2)

59611.0776(2)
59611.2406(1)
59611.4029(2)
59611.5659(1)
59611.7274(2)
59611.8914(1)
59612.0537(2)
59612.2168(1)
59612.3791(2)
59612.5422(1)
59612.7036(2)
59612.8676(1)
59613.0299(2)
59613.1929(1)
59613.3554(2)
59613.5184(1)
59613.6799(2)
59613.8436(8)
59614.0052(3)
59614.1695(1)
59614.3307(3)
59614.4938(2)
59614.6582(4)
59615.1456(1)
59615.3078(2)
59615.4707(1)
59615.6333(2)
59615.7960(10)
59615.9575(2)
59616.1219(1)
59616.2839(2)
59616.4469(1)
59616.6093(2)
59616.7726(1)
59616.9348(2)
59617.0980(10)
59617.2602(2)
59617.4234(1)
59617.5856(2)
59617.7485(9)
59617.9110(20)
59618.0741(1)
59618.2355(2)
59618.3995(1)
59618.5617(2)
59618.7251(1)
59618.8873(2)
59619.0501(1)
59619.2117(2)
59619.3758(1)

59628.3240(20)
59628.4874(1)
59628.6495(2)
59628.8123(1)
59628.9748(3)
59629.1382(1)
59629.3015(7)
59629.6234(8
59629.7886(1
59630.1141(1
59630.2754(2
59630.4395(1)
59630.6018(2)
59630.7651(1)
59630.9274(2)
59631.0902(1)
59631.2528(3)
59631.4158(1)
59631.5770(29)
59631.7413(1)
59631.9035(2)
59632.0666(1)
59632.2277(3)
59632.3921(1)
59632.5532(3)
59632.7176(1)
59632.8798(2)
59633.0428(1)
59633.2052(3
59633.3679(1
59633.5306(3
59633.6938(1
59633.8548(2)
59634.0191(1)
59634.1814(3)
59634.3442(1)
59634.5068(3)
59634.6695(1)
59634.8311(2)
59634.9950(10)
59635.1576(2)
59635.3204(1)
59635.4831(3)
59635.6457(1)
59635.8090(10)

= —
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* . .
Errors are in parenthesis.
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TABLE 9
GSC 04364-0064 TIMES OF MINIMA DETERMINED FROM TESS LIGHT CURVES"

BJD BJD BJD

58842.925(2) 58848.963(1) 58851.983(4)
58843.356(4) 58849.391(4) 58851.985(3)
58843.786(1) 58849.394(4) 58852.414(1)
58845.512(2) 58849.826(2) 58852.415(2)
58845.513(1) 58849.827(1) 58852.844(4)
58845.937(4) 58850.259(4) 58853.709(4)
58845.945(4) 58850.687(2) 58854.140(8)
58846.374(2) 58850.688(2) 58856.727(2)
58846.376(2) 58851.119(4) 58857.158(4)
58846.804(4) 58851.552(1) 58857.593(2)
58848.101(2) 58851.553(2) 58858.022(4)

58858.454(2)
58858.886(3)
58859.749(4)
58860.609(4)
58861.473(4)
58862.338(4)
58862.767(2)
58862.768(2)
58863.199(4)
58863.634(2)
58864.065(4)

BJD BJD BJD
58864.494(2) 59014.199(3) 59019.375(4)
58864.926(3) 59014.632(1) 59019.809(2)
58865.789(3) 59014.634(1) 59020.241(3)
58867.085(2) 59015.498(2) 59020.672(1)
59011.179(2) 59015.923(4) 59020.674(2)
59012.045(2) 59016.789(4) 59021.534(2)
59012.476(4) 59017.648(4) 59026.712(1)
59012.906(2) 59018.085(2) 59029.729(4)

59012.907(2)
59013.335(4)
59013.773(2)

59018.086(2)
59018.514(3)
59018.946(2)

59031.888(2)
59033.614(2)
59034.481(2)

* . .
Errors are in parenthesis.

TABLE 10
OBSERVED TIMES OF MINIMA OF SELECTED EB SYSTEMS™

Name BJD Name BJD

RU UMi 59277.4101(2) VY UMi 59516.3846(2)
RU UMi 59467.4327(1) VY UMi 59517.3604(1)
VY UMi 59298.3633(2) VY UMi 59517.5219(1)
VY UMi 59298.5245(2) GSC 04364-0064 59343.3781(2)
VY UMi 59516.2200(3) GSC 04364-0064 59374.4401(1)

* . .
Errors are in parenthesis.
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