Variable Star and Exoplanet Section of Czech Astronomical SocietraodObservatory and Planetarium

Proceedings of the
46t Conference on Variable Stars Research

Europe Training Centre YMCAL i t o,183ec¢hlRepublic, EU

12" 7 14" Septembe014

Editor-in-chief Rade k Koci 8n

(Litomy3! 4.4.1914 - Wilmslow 23 6.1993)

se svymi pracemi v oboru vyzkumu

S a astrofyzik - prostavil
i ¢ jce (pfiprava programu Apolio),

wésnych dvojhvézd, vyzkumu Més
aerodynamice a v numerické matematice.
Koncem tohoto tydne vstoupim do 80. quu svého Zivota...
Vazpomindm si, Ze jsme byli tak pékné uvﬂlzan: v Litomy3ii...
..na misté, kde kdysi staval mdj rodny dom.

(z doplsu 1.4. 1993)

Participants of the conference



TABLE OF CONTENTS

AG Draconisi a SYMDIOtIC MYSIEIY ....uuiiii i eeeee e eeee e 4
R.GC L | ISHRIC, L .MB.CER

Blazhko effect at the time &fepler............ooooirrrriieee e 10
M.SKARKA
Flares in eclipsing binary GJ 323@iC.........ooviiiiiiiii e 14
L .MBCER

FRAM telescopé monitoring of atmospheric extinction and variable star photometry.19
JURY GKKHO =K OYM.MA GE K

New Variable Stars in SvKV Catalogue............oooiiiiiiiemn e 23
M.VRAGs CK

Observing RR LYrae type STAlS........uuuuiiiie et eeees s s e e e e e e e e e e e eeeenennenns 36
M.XARKA J.LI GKR.D¥ E V n,NRhF.AUER

O-C diagrams and period changes in stellar SYStemS........cooovvveeeeeeeeeiiiiiieee e 38
J.LI G KM.SARKA



OPEN EUROPEAN JOURNAL ON VARIABLE STAR S
September2014 http ://var.astro.cz/oejv ISSN 18015964

INTRODUCTION

In September 2014heVariable Star and Exoplanet Section of Czech Astronomical Society organized
traditional autumn conference on research and newhkaerfield of variable stars. The conference was held to
commemorate the centenary of the Zdenek Kopal birth in his hometowndLitOomymeeting followed the
international conferencéLiving Together: Planets, Stars and Host Binadieshich was dedicate the work

of Zdenek Kopal in the field of eclipsing binaries.

| want to thank all conference participangndall speakers for their presented contributions. | also want to
thank the Director of the European Training Centre Mrs. Mackova for providinges for conferences and

helpfulness to our needs.

Ladislav Gmelcer

president of Variable Star and Exoplanet

Section of Czech Astronomical Society

Val agsk® Mezi S22, Januar 09st 2015

NOTES

The scientific content of the proceedings contributions was not reviewed by the OEJV editorial board.



OPEN EUROPEAN JOURNAL ON VARIABLE STAR S
September2014 http ://var.astro.cz/oejv ISSN 18015964

AG Draconis i a symbiotic mystery
R.GCL ELBHRICZL.GMEL CER

(1) Department of Theoretical Physiassd Astrophysi cs, Institute of Physics, Fa
Park Angelinum 9, 040 01 Kogice, Slovaki a, ru

(2) Astronomical I nstitute of the Slovak Academy of Scienc
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n
(3 Observatory Valagsk® Mezi $2]2, Vset2nsk§ 78, 757 0

Abstract: Symbiotic system AG Draconis regularly undergoes quiescent and active stages which consist of the
series of individual outbursts. The period analysis of @@ historical photometric data, as well as radial
velocities, confirmed the presence of the two periods. The longeiDo&8(Q d) is related to the orbital motion

and the shorter on®(355 d) could be due to pulsation of the cool component of AG Diaddition, the active

stages change distinctively, but the outbursts are repeated with periods fre3i7368.

Abstrakt: Na svetelnej krivke symbiotick®ho syst®mu AG Dr ¢

ktor® s¥% <charaktetizoVvah® ve@Pliaamit?2.je®Peoi - dovs§ anal
fotometricklch d&g8t, ako aj meran2? radi8&8lnych rTchlos"
(D550 d) s¥%vis2 s orbit8l np@®5pohlybdm dwbhd mE ibezSt ys§pctksa
chladnej zlogky AG Dra. ZatiaO |o akt2vne obdobia sa
peri-dou vZ3iTfmd ervale 359

Introduction

AG Dra is one of the best studied symbiotic systems. The cool component oA Df a relatively early
spectral type (KG K4), low metallicity (Smith et al. 1996) and higher luminosity than that of standard class IlI.
The hot component of AG Dra is considered to be a white dwarf sustaining a high lumiBdsiyL¢) and
temperaure D10° K) due to the thermonuclear burning of accreted matter on its surface (Mikolajewska et al.
1995). The radius of the giant was estimated tD 85 R. by Zamanov et al. (2007) and Garcia (1986) found an
orbital separation of 400:R Therefore, th accretion most likely takes place from the stellar wind of the cool
giant. Both components are in a circumbinary nebula, partially ionized by the white dwarf.

AG Dra undergoes characteristic symbiotic activity with alternating quiescent and active Stegéster ones

consist of the series of individual outbursts repeating at about-geanenterval. The nature of these periodical

outbursts has been a matter of ldagn debate. While there is general agreement that the orbital period of AG
Draisalut550d ( Mei nunger et al . 1979, G8l i s edcalea(350 1999) ,
380d) presented by Bastian (1998), Friedjung et al. (2003) and Formiggini & Leibowitz (2012). Understanding

the nature and mechanism of this variapils crucial in order to explain the outburst activity of AG Dra and

other classical symbiotic stars.

Observations and analysis

We use all available photometry and radial velocities for the study of AG Dra. The new photoelectric and CCD
observational matal (U, B, VandR) was obtained at the observatories
Val agsk® Mezi S2] 2, Period analysis of the observati o
of the DateCompensated Discrete Fourier Transform. \Wedua Fisher Randomization Test for determining the
significance of the obtained periods. The minimum error of peAFodas det er mi ned by cal c
confidence interval oR, using the method described by Schwarzeni@aegrny (1991).

The light curve between the years 1890 and 1966

The historical LC of AG Dra over the period 1882966 was constructed using the compilation of photographic
observations by Robinson (1969). During the period (:8366), the AG Dra system underwent three phases

of actiity: the first one between the years 1932 and 1939 (A), the second one between 1949 and 1955 (B) and
the third one between 1963 and 1966 (C in Fig. 1). In total, we recognized 15 outbursts in this period.
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Figure 1: The histoical LC of AG Dra over the period 18892012, constructed on the basis of photographic Bnd
photoelectric observations. The LC is divided into active A and quiescence (QXQ6) stages by vertical lines. Particular
outbursts are assigned as AA7, BO - B5, C1- C2, D1- D5, EO- E10 and F1, F2. The thin curves show spline fits to the
data points.

We present the results of this analysis for the given stages in Fig. 2 (left panel). We conclude that the historical

LC shows both known periodB:550d (orbital period) and 350d (the period of the postulated pulsation of the

red giant: G8lis et al. 1999) . Besi d&B6d, whicleispeesepter i od s,
in the active stages A and C. This period is relatedeaecurrence of the individual outbursts.
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Figure 2: Left panel power spectra of AG Dra taken from historical photographic, photoelectric and CCD dat8 ifiltére

for particular stage of quiescence (Q1Q6) and activity (A F). Upper right panel power spectra of AG Dra taken from
photoelectric and CCD data th B andV filters for active (D, E+F) and quiescent (Q@6) stages. Power spectra for active
stages were obtained aftemmoving longterm periods around 1500 and 5400 d, which are related to the global morphology
of these active stagetower right panel power spectra of AG Dra taken from combined radial velocities based on
absorptiodine measurements: (a) original datadab) data with orbital response removed, as well as (c) data with both
orbital and probable pulsation response removed. Significant periods are marked with their values.

The light curve after 1966

The first photoelectric photometry of AG Dra was obtaibdBelyakina (1969). Since 1974, the system has

been observed systematically, mainly photoelectricallyBY. The historical LC of AG Dra over the period

19661 2012 was constructed using our compilation of photoelectric and CCD observatidyB andV filters

(Fig. 3). During this period the AG Dra system underwent two (or three?) phases of activity: the first one
between the years 1980 and 1986 (D) and the second one between 1993 and 2008 (E+F), with 17 outbursts in
total. It is obvious from the LCgFig. 3) that the amplitudes of the outbursts increase towards shorter
wavelengths, fronD1 mag in V toD3 mag inU.

Our statistical analysis shows that the LCsUn B and V filters were very well correlated (correlation
coefficientsD 0.9) during the aéte stages (D, E and F). During the quiescent stages (@#&), the correlation
coefficients of the LCs in band$ andB as well as one of the LCs in barldsandV are less than 0.5, while the
variations in theB andV bands are correlated quite well. Thesult showed that brightness variations during the
quiescent stages of AG Dra in the various bands were caused by different physical mechanisms.
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Figure 3: UBV LCs from the period 1962012 with marked active stages, (@, E and F) and quiescent ones
(Q4, Q5 and Q6). Particular outbursts are assigned a8Z D1 D5, EQ E10 and F1, F2. The thin curves show spline fits
to the data points.

The results of period analysis of LCsln B andV filters are presented in Tableand the corresponding power
spectra are depicted in Fig. 2 (upper right panel). The LC itJtfiker during the quiescent stages is clearly
dominated by variations with orbital peri@b50d. In theB andV bands, we found also a shorter perip8%0

d); however, its value in each quiescent stage changed slightly.

Period analysis of the active stages revealed many significant periods, but most of these periods were more likely
relatedto the complex morphology of the LCs during these stages. The significant period arouhid 83lated

to the distribution of individual outbursts. The value of this period varies with wavelength and is different for the
individual active stages. Stdiisal analysis shows that the median of the time interval between the individual
outbursts is 368, while the time intervals vary from 300 to 400 d without an apparentterngtrend.

We can conclude that the results of period analysi$Bd LCs unambigously confirm the presence of the 550
d orbital as well as the 35 postulated pulsation period.

Table 1. The results of period analysis of particular stages between 1963 and 2012. LCs for each filter were analysed
separatelyTstartis the beginning an@lenathe end of the given stage. The periods are in order according to their significance.

Significant periods [days]
Phase | Tstart [MJD] Tend [MJ D] - - -
U filter B filter V filter
Q4 39 250 44400 |551.0| 550.0 N 10.3349.6 N N34
D 44 400 46700 |371.9| 367.2 N 8. 1: 372.5 N |
Q5 46 700 49150 |553. 6 348.0 N 6 350.1 N
370.5 N1a. ®d=| -
E+F 49 150 54550 |371. 2 550 .9 N 9 370.5 N
: 547 .69 4N 2 23| -
Q6 54 550 continue 549 . 3 361.6 N 5 357.3 N 1

Notes2The periodof1 10. 2 N 18. 5 d is probab Plyh e np r itchee alfoud2 3.
istheoney ear alias of 547.9 N 6.4 d. The glssblyadrywallor phol o
described by the sinusoidal variations with periods arouh#i0H (or double 220d) and 2 500 d (or double

5000 d).
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Period analysis of spectroscopic data

We performed detailed period analysis of radial velocities based on absdimgianeasurements with high
accuracy (typical errors of 0-0.8kms 3 to confirm the presence of periods longer than 1000 d. We detected
only two significant periods, 550K 1.4 and 355.01.6d, related to the orbital motion and cammponent
pulsations, respectively. The corresponding power spectra are depicted b (fower right panel). We can
confirm that the data did not contain variability with longer periods.

Outburst mechanisms

Periodical outbursts and their relation to the periodicities in this binary system have been a matteteofong
debate. Recentjythe properties of AG Dra have been studied by Formiggini & Leibowitz (2012). The result of
their LC period analysis is the detection of the period 373.5 d (the mean time interval between outbursts).
Authors interpreted this period as the synodic rotafiperiod of the cool giant with respect to the white dwarf.

To secure such a synodic rotational period in a binary with orbital period around 550 d, the giant should rotate in
retrograde fashion with a period of 1160 d.

We could not confirm the presencé the period of 1160 d in photometric as well as spectroscopic data.
Moreover, such a value of the rotational period of the giant is not typical in symbiotic systems (e.g. table 2 of
Formiggini& Leibowitz 2012). The explanation for the retrograde rotatbra component in such an open
system from an evolutionary point of view is unclear.

Formiggini & Leibowitz (2012) suggest that the cool giant of AG Dra has a very strong magnetic field, the axis
of which is substantially (around 90 degrees) inclinedtixedato the rotational axis. When the region of the
magnetic poles of the giant reaches the tidal bulge, the balance is disrupted and hydnogetter is thrown

into the Roche lobe of the white dwarf. This will release large amounts of gravitati@mglewhich becomes
apparent as an outburst observed in the optical.

According to the opinion of specialists studying stellar magnetic activity across the Herti§ussell
diagram, such very strong magnetic fields of cool giants are not known (Kort2®i&). The process of
balancebreaking by a tidal bulge is unphysical, in view of the fact that the whole surface of the tidally deformed
giant in a binary lies on the same equipotential surface.

Formiggini & Leibowitz (2012) explain the alternating actared quiescent stages of AG Dra by the mechanism
similar to the solar dynamo (responsible for the solar cycle activity), which takes place in the outer layers of the
extensive giant atmosphere. Our analysis of all 124 years brightness history has shastivihatages have
recurrence 12 16 years, which is in good agreement with the idea of $igkamctivity. However, there is no

direct evidence of the presence of a reasonably strong magnetic field in the red giants in these systems.

One of the promiag explanations of at least some individual outbursts of AG Dra might be the combination
nova model proposed for Z And by Sokoloski et al. (2006). In this model, when accretion rate onto the white
dwarf exceeds some critical value, thermonuclear reactomsgnited and luminosity of the hot component
increases significantly. One of the next tasks would be to study whether the outbursts of AG Dra will fit into
such a picture.

Conclusion

We carried out the complex and detailed period analysis of photometrd spectroscopic data of

AG Dra. The photometry covers a time interval of 124 years, while the last 39 years of photometric observations

are based on systematic photoelectric and CCD monitoring. Spectroscopic data were obtained from absorption
line meaurements. The results of period analysis of all these data are two real periods present in this symbiotic
system: 550 and 350 related to the orbital motion and postulated pulsation of the cool component, respectively.

The orbital period is mainly mami§ted during the quiescent stages at shorter wavelendtfilse(), while the
pulsation period is present during quiescent as well as active stages at longer wavelengths
(B and V filters). The period analysis of active stages confirmed the presence pefried of around

365d, which is the median of the time interval between outbursts. It is worth noting that these time intervals vary
from 300- 400 d without an apparent lotgrm trend. Our detailed analysis shows that most of the longer
periods (e.g. B30, 1580, 2350, 5500 d) are more likely related to the complex morphology of the LCs during
active stages than to the real variability present in this symbiotic system.

The physical mechanism responsible for speriodical outbursts as well as re@nce of active stages is not

clear. Similarly, the nature @ 350 d period which is manifested in photometric as well as spectroscopic data is
not fully understood. If these variations are caused by pulsation of the cool component, which physical processes
are responsible for such unusual enhancement? Understahdimature and the physical mechanism of this
variability is crucial in order to explain the outburst activity of AG Dra and other classical symbiotic stars. We
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suggest that a careful analysis of the light curves together with spectroscopic data &saeefiparison of
observations in the wide wavelength range fromai(s to radio, would give us first clues in this task. We will
present a detailed analysis of the spectroscopic data of AG Dra in our forthcoming paper.
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Blazhko effect at the time of Kepler
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(1) Department of Theoretical Physic and Astrophysics, Facul
Czech Republic, maska@physics.muni.cz
(2) Variable Star and Exoplanet Sectionof Cz&ceit r ono mi c al Society, Vset2nsk§8 941/°
Czech Republic

Abstract: | focus on the comparison of the knowledge of the enigmatic Blazhko phenomenon before and after
space missions CoRoT am@pler. These two telescopes opened theetedoors of the true diversity of the
modulation of RR Lyrae stars. Among many interesting discoveries it was found that higher order multiplets are
common characteristics of the frequency spectra of lightes of modulated stars, nabique behaviour foa

few objects. This finding resulted in a new mathematical description of modulation which applies methods
known from information transfer. Signs of higher radial modes aneradial modes were detected only due to
unprecedented precision of space obstons. One of the most important discoveries ofdbapler satellite was

the uncovering of the alternation of the height of maxima of light changes in modulated stars, the so called
period doubling. Based on thiew discovery models for explanation dfet Blazhko effect were proposed. In
addition, Kepler observations clearly showed that Blazhko effect can be irregular in many ways. Therefore,
space missions have a major impact on understanding of the Blazhko effect.

Abstrakt: Soust Sed2m se na srovn§n?2 znal ost 2 0o z8hadn®m BI

Kepler. Tyto dva dalekohledy otevSely tajemn® dveSe pra
mnoha zaj2mavich objevT] byhggzak®SgdTgvBnd,refgeemuhz
modul ovanich hvRDzd se vyskytuj? bNngnN a ne pouze u
mat emati ckl popis modulac?2, kterT vyug2vg§ metody zn§
mi$enz vesm2rnich dalekohledT byly objeveny zn8&§mky vy
nej dTl egitnDj g2&dplerblp) evJodbhat ehttualternace vi gky ma X i
modul ovanTch hvnzd, tzvhD pehbod dbpbbundg.yl NavyEkbsd
vysviDtlen2 Blagkova jevu. Nav2c se uksgzal o, ge Bl agk
mi se tedy maj?2 z8sadn? vliv pro pochopen2 Blagkova | e
Many papers dedicated to the Blazhko phenamen ( Bl a gk o, 1907) start wi t h th

century after its discovery we still do not have proper explanation of this effect. And still this is valid. However,
space missions make scientists optimistic, and it seems that we are closint godution. But, not so close as

we wish. There are still many unanswered questions mainly concerned with the connection between physical
parameters and evolutionary effects and modulation of RR Lyrae stars. Also a very recent effort to apply the
chaotc behaviour on th&eplerdata of Blazhko star V783 Cyg failed due to limited time extension, sparse data
sampling and some instrumental problems with detrending and data stitching (Plachy et al., 2014). Thus there is
still much to do.

The Blazhko effecmanifests itself as the quaaériodic change of the light curve shape. Due to the limited

precision of ground based observations it was possible to detect only modulation with relatively high amplitudes

both in amplitude and phase variations. However,espracise observations indicate that the modulation can be

very weak, even below one tenth of a magnitude (RR Gem and DM Cyg, Jurcsik et al., 2005, Jurcsik et al.,
2009a). Space missions revealed that modulation can be even smaller, in the order ééwlyradredths of a
magnitude (Kolenberg et al., 2010; Benk©° et al., 2010

Almost the entire 20th century the frequency spectra of modulated stars were considered to show only one or
maximally two side peaks related to the modulatitated near the basic pulsation frequency and its harmonic.
Naturally, it was the result of limited growtésed observations. At the very beginning of the new millennium
precise groundbased observations revealed that more side peaks can be detected (MANDLRV UMa,

Jurcsik et al. 2008, Hurta et al. 2008). This, in fact, was the end of the models which involved rotation and low
order nomradial modes (Dziembowski&Mizerski, 2004; Shibahashi, 2000), because they were not able to
explain higher order multipts than triplets and quintuplets. In CoRoT data of V1127 Aql side peaks which
formed multiplets of the eigldrderswere identified (Chadid et al. 2010). Such high order patterns were found to

be common characteristic of frequency spectra of light clo/e®dulated stars observed by space telescopes.

However, not only higher order frequency patterns, but also multiplets with different spacing between their
sidepeaks were detected. Such combination of multiplets is a result of parallel modulatiortsfferémt

frequencies. Just from the beginning of the analysisepfler data it was obvious that combined modulation is
rather common than rare (Benk©° et al ., 2010; Benk©° e
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parallel modulation before spee mi ssi ons (e. g. RS Boo and XZ Cyg, Ka
Sodor et al. (2011) found that CZ Lac shows compound modulation with the ratio of modulation frequencies in

the ratio of small/l i nt eger nunshosvedshat afott Bk of ali@lazhke | at er

stars inKeplerfield of view show parallel modulation and that the majority of them have modulation frequency

ratios in resonance with small integers. In addition, from the shape of the light curves it becametleaident

many modulated RR Lyrae stars have #sorusoidal modulation. All these findings and details in the observed

Fourier amplitude transforms led to a definition of a new mathematical description of the modulation which
involves techniques usedininfobet i on transfer theory (Benk?©°, Szab.- & I

All these discoveries are very interesting. However, we are still not at the end of their list. The first overall study
ofKeplerdat a (Szab- et al ., 2010,; Beadftheheightof maximagof@ayl 0) r e
of modulated stars (period doubling). This phenomenon results in frequency peaks in the middle of the basic
modulation peaks, i.e. &fy/2, wherek=1,2,3...(Fig.1). Such behaviour was not observed in ordinary RR Lyraes.

On the other hand it was predicted and observed in cepheids and BL Her stars (Moskalik&Buchler, 1990;

Smol ec&Moskal ik, 2014) . Szab - et al . (2010) attribu
fundamental and the ninth radial overtone in resonarizeThis was later confirmed through hydrodynamical
modeling and wusing amplitude formalism (Koll 8th et

authors showed that period doubling can lead to light curve modulation.
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Figure 1: RectifiedKeplerd at a of V808 Cyg (according to Benk?©° et al ., 2

plotted. The insert shows the data phased with the main pulsation frequency. The region limited by the red rectangle is shown
in the top right panel in close uphe alternation of maximum heights is easily seen. Frequency amplitude spectrum after
prewhitening with the main pulsation components (depicted by the dotted lines) and the siét&pefks shown in the

bottom panel. Except for other modulation siddgsedalf integer frequencies caused by the period doubling are the most
conspicuous.
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Although it seems that period doubling could represent the final solution of the Blazhko effect, the situation is
not so simple. Firstly, the question why the period diagbwas not observed in all modulated stars is unclear.
Another bias is that in proposed resonance 9:2 the highesintejer frequency should be the one9#4tf,

while the highest peak is usually observe®/@fh. The first attempts for a dynamical aysis of the Blazhko

effect applied orKepler data of V783 Cyg showed that even fgwar quazicontinual measurements are
insufficient for reliable application of models involving nonlinear coupling of pulsation modes (Plachy et al.,
2014).

Kepler obsenations inspired Bryant (2014a) for proposition of another explanation of modulation. He assumed
interaction between the sinusoidal fundamental mode and the first radial overtone, which is highly non
sinusoidal with the same frequency as the fundamentaémédaddition, he proposed an extension to his first
model when he added an interaction between three modes, and also possibl§ialomodes (Bryant, 2014b).

With these models Bryant was able to model light changes of the prototype RR Lyrae gtareihirl

Benk° et al. (2014) analysed the whol e Kepeafieldafbl e dat
view. They found that they often show additional radial pulsation modes (first and second overtones). First mode
pulsators (RRc stars) weatso found to show additional pulsation modes with strange IL&®period ratios to

the basic pulsation frequency (Moskalik et al. 2013).

Several thousand cycles of RR Lyrae itself allowed a fine analysis of fgmi@Viorof this star (Stellingwerf et

al., 2013).Keplerobservations had a major impact also on the estimation of incidence rate of modulated stars
among RRab Lyrae type stars, because they allowed the identification of modulation down to milimag level. The
current percentage of modulatedsts i s assumed to be more than 40 % (J1
with high certainty.

These were only a few of the highlights from tkepler telescope, which were made on RR Lyrae stars. It
should be evident that space measurements aretofrhjgprtance and of unprecedented efficiency.
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Flares in eclipsing binary GJ 3236 Cas
L. QUELCER?
(1) Observatory Valagsk® Mezi $2|2, Vset2nsk§ 78, 757 01

Abstract: In this work we present CCD-Band photometry of GJ 3236 Caalgol-type eclipsing binary of

spectral class M4. Sudden rapid brightening was observedaoch\20, 2014 and April 17, 2014 around

secondary minima of the binary. We assume that these events are manifestation of chromospheric and corona
activity producing intense flares.

Abstrakt: Vt ®t o pr §ci je prezentov8na yQypbAlgolod) 8236 Casi e z 8Kk
spektrsg8ln2 tsSz2dy M4. 20. bSezna a 1bl2dkbsbi 20eéKkumbg:
mi nim. PSedpokl|l §8d8&8 se, @oeblpa2tlii ncohur ovreopslfa®ruyt 2a jkeo raokntyi.v

GJ 3236(GSC4327 640, R.AB337 408 DEC=+6 9A10 Eqifok: 2000.0
(eclipsing binary type Algol, period 0.77126 day, amplitude 14.2Z2.50 mag.)

Introduction

Reddwarfsof spectral class M with mass less than$b&rmasses are the most abundant group of stars in our
galaxy. To date is known only about twenty eclipsing binaries, where both components are red dwarfs, because
this low luminosity systems are quite difficult to uncover. Using high dispersion spectroscopy it is possible to
determine basic parameters of g@mponents with an accuracy of about 1%. This is sufficient for evolutional
modeling of these stars, which also play a key role in our understanding of stellar physics of main sequence stars
at the bottom part of the HR diagram.

Massive convection affecthe significant part of the atmosphere of red dwarfs and generates a strong magnetic
field, source of the high activity, which manifests itself due intensive flares probably originating in the
chromosphere and the corona of red dwarfs.

GJ 3236 Cas

Star GJ3236 Cas was for the first time mentioned in the Third Catalogue of Nearby &hese (Gliese, W.

1991). In 1995, Hawley, S.L., et al. published spectroscopic survey of M class dwarfs in the northern
hemisphere. In 1999 Hunsche, M. et al. included Z8B3as in the catalog of nearby stars observed by satellite
ROSAT and since then is this object listed also aay<source. Gershberg, R. E. et al. in 1999 issued Catalogue
of UV Cettype flaring stars in the solar neighborhood, where GJ 3236 Cas ghalso.

In January 2008, lonterm photometric data obtained during Mearth observing campaign (whose main goal was

to discover transiting sup&tarths around M class dwarfs) revealed GJ 3236 Cas as an eclipsing binary. Irwin et

al. published in this papehe basic parameters of both stars: orbital period is 0.77126 days (first observed

mi ni mum HJD = 2454734.9959) ; mass of primary componet
0.281 N 0.015 Msl), radius of tdceaeryprRsrar. 22%920.88@ 8
temperatures 1= 3280 K and 7= 3205 K. Also based on spectroscopic data the synchronous rotation of both

stars with an orbital period was derived.

Instruments, observations and methodology

Presented observations have beertoai ned on Observatory Val.7aNpstdni@an Mezi S?2
reflecting telescope and G202 CCD camera (Moravian Instruments) with KB&02ME sensor (768x512

pixels, squarepixel linear dimension 9rm). All of the frames have been taken withopdmetric Johnson

Cousins Rband filter. Exposure time was 60s.

GJ 3236 Cas was observed during 20 nights from March 12, 2014 to May 12, 2014. Between March 12 and
April 17 the star was observed 76 hours of total time and this time span represents. &4otiteSinterval.
During this period on March 20 and April 1Y two intensebrighteningwere recorded.

Data wereanalyzedas follows: all frameshavebeen reduced in software packageM@nipacki dark frame
calibrated and flafield corrected. Differensl aperture photometry has been performed also-Mu@ipack.
Comparison stars are UNA 1503755929 (comp), UNA 15781754797 (chkl) and UNA 15781755833
(chk2).
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Optical flares

From the recent observations the best documented dwarf eclipsing binagptital outbursts are CU Cnc and

CM Dra. S. B. Qian (2012) reported CCDBband photometry of CU Cnc flare on October 28, 2009 using the
60-cm telescope on Yennan Observatory. Brightening had amplitude 0.52 mag, duration 73 minutes and
characteristic flag shapei rapid increase in pulse phase followed by a gradual decline. With 90 seconds
exposure time maximum increase duration can be estimated to about 12 minutes. It is interesting that this
eruption was observed almost at the time of primary minimueretore this event was most likely associated

with secondary component. Subsequently three other small outbursts were observed with duration of 3 minutes
and the average amplitude of 0.046 mag.

As a definition of the flare the following criteria were adegb event has to take several minutes, has to be
covered by more than one point and the peak amplitude should not be less than 0.03 magnitude.

Also star CM Dra is known due its relatively high activity. Photometric monitoring lasting over 155 hours
carried out in the years 1998997 recorded three eruptions within one month (from August 9, 1997 to
September 6, 1997). Nelson and Coton (IBVS 578007) recorded 6 eruption during six days in the course of
campaign lasting 105 hours, both roughly during fodoital periods and in a relatively narrow range of orbital
phase 0.26 to 0.52. This suggests that the flares occurred in one large active region. All flares were observed in
R-band, while most of this higanergy events are usually observed in otherghetric bands U, B and V.

Flares in eclipsing binaries were reported previously (Eggen, 1967, Lacy, 1977, Metcalfe 1996, Kim 1997,
Kozhevnikov 2004) with amplitudes in the range from 0.02 to 0.7 magnitudes of frequency 0.05 to 0.02 flare per
hour.

Optical brightening GJ3236 Cas

Until now no other observation of the flare for this eclipsing binarie was published, although in M. Irwin et al.
(Figure 3, phase curves GJ 3236) are two prominent overshooting points on the light curve, which could be
interpreted a decline of flare.

The first brightening was recorded on March 20, 2014 at 22h03m13s UT (JDG = 2,456,737.41890). Lasted
approximately 12 minutes with amplitude at least 0.4 magnitude. This event was followed by a smaller one with
a maximum brightening tim22h24m59s UT (JDG = 2456737.43401) and amplitude of less than 0.1 mag. The
event occurred at the phase 0.311&53h29m before observed secondary minimum.

The second brightening was recorded on April 17, 2014 in 23h17m29m UT (JDG = 2,456,765.47048). |
four minutes with an amplitude at least 0.3 magnitude. Event occurred at the phase of 0.6813, thus 3h21m after
observed secondary minimum.

After further data processing we were able to detect modulation of the light curve differing from eclipses and
flares. Data were analyzed with Peranso program version 2.5. Amplitude period of 0.7712 day was found, which
exactly corresponds to the orbital period. The amplitude of modulation was found to be in range 0.05 magnitude.

We assume that thesbanges in fightness are most likelgonnectedvith large spots on the surface of the star,
periodicallyappearing andisappearinglue orbital geometryGenerally, more spots are expected on a warmer
primary star, which can modulate the light curve of the systemeleet the eclipses. Since the brightness
modulation minima occurs approximately at the binary phase of 0.8, that is, when near side of the primary
component relative to the observer is visible, the spots are likely to reside on the primary componeant, This f
among others, confirms the previously determined binary system with bound rotation.

Conclusion

In this work we present observational results of flares in dwarf eclipsing binary star GJ 3236 Cas. During March
and April 2014 two distinctive flares werecorded. On the phase light curve is appameotiulations with
amplitude of 05 magnitudes and period equal to the orbital period of the eclipsing binaries. This modulations is
most likely due to presence of spots on surface one of the stars. In theirfglimonths we plan further
monitoring of this star and other similar eclipsing systems.
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Figure 1: Starfield around GJ 3236 Cas (red dot) with comparisahcaeck stars (green and blue)

GJ 3236 CAS Tine legend:
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Figure 2: Phase curve showing CCD-thand data obtaed from March 12, 2014 to April 7, 2014. Besides primary and
secondary minima the modulationloightnesss also visible. Period modulation is equal to orbital period.
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FRAM telescope i monitoring of atmospheric extinction and
variable star photometry

JJURYGEK HO®KO¥YIE MAGEK

(1) Institute of Physics of the Czech Academy of Sciences, Na Slovance 1999/2, 182 21 Praha 8
(2) Variable Star and Exoplanet Section of Czech Astronomical Society

Abstract: The FRAM (F/(Ph)otometric Robotic Atmospheric Monitor) tetgse is a part of the Pierre Auger
Observatory (PAO) |l ocated near town Malarge¢ge in Ar ge
continuous nightime monitoring of the atmospheric extinction and its wavelength dependence. The current
methodology ofthe measurement of a atmospheric extinction and for instrumentation properties also allows
simultaneous observation of other interesting astronomical targets. The current observations of the FRAM
telescope are focused on the photometry of eclipsing bmgsbsitional refinement of minor bodies of the Solar

system and observations of optical counterparts of gamma ray bursts. In this contribution, we briefly describe the

main purpose of the FRAM telescope for the PAO and we also present its currentraistabrubserving

program.

Abstrakt: Dal ekohl ed FRAM (F/ (Ph)otometric Robotic At mospl

Augera (PAO) a nach8z2 AsgeblPrgb® mpamphND.MaParm@enaym 1
mNSen2 okamgitTch hodnot attimorsd ®vli t&kW® ed®li a&k.c eMat ¢ ekij K
koeficientT a technick® vIasnnlﬁSermdantlmck$)1h®rena:1k®me>gtR|
mnogstv? zaj2?mavichsaslasn®midobiNc hj ec2di@f.ek Y hkemphvegug:
svhDtelnich kSivek vybranpébsRE§kEpmtopbtbhduwoyhNvbBbigeveke
tak@oxorovgn2 optickITch prottd)mtgd<]’p§2§sbpm\sl«uT Zt8rSelnt N gm
dalekohledu FRAM pro #KiOu&l nak®spSensmiacvki] emmezor ovac?

Introduction

The FRAM (F/(Ph)otometric Robotic Atmospheric Monitor) telescope is a part of the Pierre Auger Observatory
(PAO) and it was built and operated by Institute of Physics AS CR. The telemodpke PAO are located near
town Mal arg¢e (69AW, 35AS, 1400 nTheaPA® isturréntlyithe woNte nd o z a
largest detector of the ulttigh energy cosmic rays (UHECRs). There are two kinds of the cosmic rays
detectorsi surface detector and fluorescence detector. The surface detector is an array of about 1 600 water
Cherenkov stations arranged in a regular triangular grid with the 1.5 km distance between stations, which are
deployed over an area of 3000 %nfrluorescence dettors are telescopes which are capable of measuring
ultraviolet fluorescence light produced during cosmic ray shower development. The total amount of fluorescence
light integrated over the whole air shower track is proportional to energg imicaming primary cosmic ray

particle. Thus the atmosphere plays the role of a huge calorimeter which properties should be monitored. There
are many devices with the purpose of monitoring the atmospheric conditions in the PAO, including the Czech
FRAM telescope (TheierreAugerCollaboration, 2012)

Instrumentation

Primary part of the FRAM telescope (see Fig. 1) is the 0.3m Meade SeBGasdegrain tube with the CCD

camera G21600 made by Moravian instrumehtand with field of view (FOV) of only 16 2'4so we call i

Narrow field (NF). Atop the main telescope is attached Nikkor 300 mm lens with CCD6@D with huge

FOV 7AT7A, so we call it Wide fi el dBefsaBVRI phoBométrit c a mer
filters. Magnitudes of stars for precision cofthotometry range from about 6 to 9 mag for WF and from about 9

to 13 mag in NF. Telescope works in fully automated mode using Remote Telescope System 2 (RTS2) software
package (Kub&8nek, 2010)

1 Email: nadseni.promenari@astmmie.cz

2 For a more detailed description of the PAO, see the project page: http://www.auger.org/
3 http://www.mii.cz/

4 http://www.rts2.org
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Figure 1: The FRAM telescope.

Monitoring of atmospheric extinction

The main task of the FRAM telescope is the continuous gt monitoring of the atmospheric integral

aerosol optical depth and its wavelength dependence. Atmospheric extinction is measured by photometry of
selected notvariable stars. Measurethstantaneous instrumental magnitudes are after color calibration
compared with catalogue magnitudes. To obtain the aerosol part of extinction/optical depth it is necessary to
subtract Rayleigh part of extinction derived from atmospheric modlétselengthdependence of the resulting
aerosol part of the atmospheric extinction can be pa
data processing should be continuous night time evol
left Fig. 2 it is shown typical time dependency of the atmospheric total optical depth, and in the right it is shown
time dependency of Angstr°m coefficient for the same
monitoring of atmospheric extinction, balso for the so called Shetiteshower (StS) program designed for

rapid monitoring of atmospheric conditions along the trajectories of air showers of high interest. For particle
physics are especially interesting the showers with anomalous longitpdafilés. StS is crucial to distinguish

the cases, when anomalous profile is real due to special development of cosmic ray shower, or if it is caused by
cloud transition or other atmospheric phenomena. For
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Figure 2: Left- Immediate optical thickness of the atmosphere in BVRI during one itgdtit-Th e Angstr°m coef fi
shows immediate wavelength dependence of atmospheric extinction.
Variable star photometry

There are about ¥Gtars in the FOV of NF ahabout 16 stars in the FOV of WF. Therefore, we can choose
stars for extinction measurement appropriately so that the other astronomical objects will be in the same field.
Because the FRAM telescope observes every night, following its primary goalsiris $0 be most appropriate
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to dedicate its other free time to a long time color photometry of variable stars and to completion of phase
curves. At present, we focus to observations of interesting eclipsing binaries which show light time effect or
apsidalmotion. We also focus our attention to eclipsing binaries with insufficiently covered phase curves or with
unknown elements. We perform all of our observations based on the recommendations of professional
astronomers from Czech Republic and also from abr@arr cooperation includes Charles University in Prague
(C2), Masaryk University in Brno (CZ), Pulkovo Observatory in Russia @agssaNational Maritime
University in Ukraine. All scientific results will be published separately, but a sample of ouvatises is
illustrated and briefly described in the Fig. 3.
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Figure 3: Upper lefti V 346 Cen, long periodic eccentric eclipsing bin&spper righti V 949 Cen, part of a triple system
with 350 years period of the third bodyower lefti V1293 Scomember of NGC 6231 open cluster, which contains 10
poorly described eclipsing binaridsower righti Yet incomplete phase curve of spotted variable WZ Crv, observed for to
the study of spots evolution.

Byproduct of processing of large amounts of data ftbenFRAM telescope (daily about 4 GB of FITS frames)

are many basically random discoveries of new variabl e
2010) we have already discovered 25 variable stars, e.g. multiperiodic Delta Scuti CzeVG91 CHo Rk ov § et
2014a). In the FOVs of NF and WF were also found many previously known eclipsing binaries during eclipses.

All timings of these minima were uploaded to B.R.N.O. datab&se example, there are 155 minima timings of

southern eclipsinp i nari es from the BRRMNt®]l e€oopei bant nemws A# 39
publication (HoRkov§ et al., 2014b, in prep.)

Other targets

In its spare time, the FRAM telescope is also observing other interesting objects in our Solar system (mostly
comets and asteroids) and exoplanet transits.

In this category, the FRAM telescope observes mainly recently discoverecEBiglarasteroids and performs
confirmation observations and follewp astrometry of these objects for more precise determinatidheof
trajectories. The location of the FRAM in Argentina is convenient for the observations of neglected comets,
which are observable only from the southern hemisphere. With the FRAM telescope three comets:

5 http://var2.astro.cz/
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260P/ Mc Naught (Magek gMadg@dk ,& 2Will2l)iaa @93 PH € ataaldi na (
2014) have been recovered.

Conclusions

The aims of this contribution are to present the current observing program of the FRAM telescope and to outline
some interesting results, which will be pubbsl in separate papers. The current methodology of the atmospheric
extinction measurement allows many other astronomical activities like photometry of selected variable stars or
astrometry of minor bodies of the Solar system. At present, the FRAM teleiscopanected to the global
network of robotized telescopesGLORIA®. Though the GLORIA project anyone can take scientific or artistic
images of selected astronomical object of their own interest.

Acknowledgements

The operation of the robotic telescope AR is supported by the EU grant GLORIA (No. 283783 in FP7
Capacities program) and by the grant of the Ministry of Education of the Czech Republic (IRMT
LG13007).

References

Bl agek, J., 2014, Master thesis, Charles University,
Kub & ne k0, Advanges i@ Asttonomy, 2010

HoRkov §, K., Jurygek, J., MaRVS,16110, M. Paunzen, E., Zej
Ho Rk o &l.§8201&, in prep., OEJ\B.R.N.O. Catributions #39 Tines of minima

Magek, M., Williams, G., V. & Nakano, S., 2012, Centr
Magek, M. & Wil liams, G., V., 2014, Centr al Bureau EI
Magek, M. , Nakano, S. & Wi | | itranioJelegr&ns, 385%, 1, 2014, Centr
Motl, D., 2010, CMunipack Project, http:/fmunipack.sourceforge.net/

Prouza, M., Jel 2nek, M., Kubgnek, P., et al., 2010,

ThePierreAuger Collaboration, 2012, Jouahof Instrumentation, 7, 9001

6 http://gloriaproject.eu/

22



OPEN EUROPEAN JOURNAL ON VARIABLE STAR S

September2014 http ://var.astro.cz/oejv ISSN 18015964
14 New Variable Stars in SvkV Catalogue.
M.VRAGs &k
(1) KOY%|l iny 74, Liptovsk§ Gtiavnica, 034 01, Slova
(2) Variable Star and Exoplanet Section of Czech Astronomical Society
Abstract: | report the discovery of a 14 new variable starthPer, Cas, And, Oph, and Cyg constellations.
Stars were observed bay the Lipit20Msanderdaddeditotheé Sskv obser

catalogue. The variable type and the elements of each stars are identified and presented.

Abstrakt: V. obdob?2 od roku 20D4di dodoo8ukZ2ORkRdt alomgw cel kom
hviezd, ktor® boli identifikovan® v s¥hvezdiach Per,
svojom observat- -riu v Liptovskej Gtiavnici.kl¥ht omto

identifikovanlTch novich premenniTch hviezd.

Introduction

Based on the observing of the known variable stars MW Cas, V449 And V2637 Oph, V859 Cyg and exoplanet
HAT-P 29b, | have found in the same fields fourteen new variable stars. | followed th®rasfahis variable

over a period of several days. Observations menti oneo
the Newton telescope 0.24m f/5 reflector and X8R0 CCD camera. In the case of observing HAZ9b and

MW Cas all CCD image were taken using a clear filter. In the case of observing V449 And, V2637 Oph and

V859 Cyg CCD images were taken usingam Rc filter. CCD frames were mostly reduced baniPack

code (Motl, 2009), the weknown adaptation of MuniPack code (Hroch, 83%ased on DaoPhot routines

(Stetson, 1987). All frames were ddrlame and flafield corrected before application of further reduction steps.

Mi ni ma timings and errors were determined by online
Mikul§ g e k , Pejcha 2012). The comparison stars were chos
of used comparison stars were taken from TYCHO catalogue. The magnitudes of the newly found variables
were calculated using transform coefficientsoinhe standard Johnson photometric system, band V. Used
transform coefficients were: Cb = 0.8866, Cv0-0617, Cr =1.1418, Ci =1.0059. For each star a finding chart

is shown, as well as the calculated elements for epoch and period, a phase diagaandantification of the

variable type are given, too. All results were determined using Peraligbt curve and period analysis

software.

Variable Star Name RA DEC Field Type
SvkV26 Per | GSC 3293 1438 02 11 29.63 | +51 32 22.55] HAT-P 29b EA
SvkV27 Per | USNO B1.0 14149059665 0211 09.24 | +51 29 10.91] HAT-P 29b EW
SvkV29 Per | USNO B1.0 14170069121 02 13 00.97 | +514302.81] HAT-P 29b EW
SvkV30 Per | GSC 3293 0988 02 1059.39 | +51 42 52.26] HAT-P 29b EB
SvkV31 Cas | USNO B1.0 14510009950 00 16 41.29 | +55 06 5284 MW Cas EW
SvkV32 Cas | USNO B1.0 1453009166 00 1539.20 | +551930.08) MW Cas EW
Svkv35 And | TYC 328185 02 08 46.33 | +46 26 03.07] V449 And EW
SvkV36 And | GSC 3285 1170 0209 47.52 | +47 04 32.67] V449 And EB
SvkV37 And | USNO B1.0 1368046496 02 10 19.07 | +46 40 43.78| V449 And EB
SvkV38 And | USNO B1.0 13670045541 02 10 25.37 | +46 45 20.84] V449 And EW
SvkV41 Oph | USNO B1.0 0954288850 17 18 03.43 | +05 24 28.00, V2637 Oph EW
SvkV42 Cyg | USNO B1.0 1189356565 1927 07.75 | +28 58 49.54) V859 Cyg EW
SvkV43 Cas | USNOB1.0 14480009592 0016 18.37 | +54 53 58.10, MW Cas EW
SvkV 44 Cas | USNO B1.0 145010013 00 17 01.59 | +55 03 33.28 MW Cas EB

Table 1: Identifications and positions of the new variables, coordinates taken from GUIREt8I6gue, epoch 2000
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VariableStar MO HID P (d) P(d) err mag V mag V err amplitude
SvkV26 Per 2454363.651 1.80037 N 0.0 13.569 N 0. 0.24
SvkV27 Per 2455798.193 0.23646 N 0.0 14.915 N 0. 0.47
SvkV29 Per 2455798.122 0.38865 N 0.0 16.048 N 0. 0.23
SvkV30 Per 245432.765 0.98050 N 0.0 12.447 N 0. 0.35
SvkV31 Cas 2455830.923 0.29718 N 0.0 15.275 N 0. 0.31
SvkV32 Cas 2455827.933 0.47740 N 0.0 15.601 N 0. 0.18
SvkVv35 And 2456153.227 0.51782 N 0.0 11.432 N 0. 0.21
SvkVv36 And 2456152.867 0.33766 N 0.0 13.024 N 0. 0.35
SvkVv37 And 2456153.249 0.38298 N 0.0 14.209 N 0. 0.47
SvkVv3s And 2456152.420 0.44394 N 0.0 14.716 N 0. 0.75
SvkV41 Oph 2456431.410 0.34127 N 0.0 14.902 N 0. 0.50
SvkV42 Cyg 2456461.360 0.45050 N0.00182 15.485 N 0. 0.30
SvkVv43 Cas 2455820.210 0.36642 N 0.0 16.506 N 0. 0.34
SvkV44 Cas 2455819.955 0.81994 N 0.0 14.576 N 0. 0.17
Table 2: Elements of the new variable stars and observing periods
Variable Star Ref. Star Ref magV Ref mag err B-V B-V err
SvkV26 Per TYC 3293 1459 11.223 N 0.0 0.107 N 0.
SvkV27 Per TYC 3293 1459 11.223 N 0.0 0.107 N 0.
SvkV29 Per TYC 3293 1459 11.223 N 0.0 0.107 N 0.
SvkV30 Per TYC 3293 1459 11.223 N 0.0 0.107 N 0.
SvkVv3iCas TYC 3657 1313 9.928 N 0.0 0.888 N 0.
Svkv32 Cas TYC 3657 1313 9.928 N 0.0 0.888 N 0.
SvkVv35 And TYC 3281 1988 0.877 N 0.0 0.458 N 0.
SvkV36 And TYC 3281 1988 9.877 N 0.0 0.458 N 0.
SvkVv37 And TYC 3281 1988 9.877 N 0.0 0.458 N0.037
SvkVv3s And TYC 3281 1988 9.877 N 0.0 0.458 N 0.
SvkVv41 Oph TYC 408 507 11.044 N 0.1 1.479 N 0.
SvkV42 Cyg TYC 2137 2923 9.655 N 0.0 0.684 N 0.
SvkV43 Cas TYC 3657 1313 9.928 N 0.0 0.888 N 0.
SvkV44 Cas TYC 3657 1313 9.928 N .031 0.888 N 0.

Table 3: Used comparison stars, magnitudes taken from TYCHO catalogue
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Observations of SvkV27 Per, SvkV28 Per, SvkV29 Per, SvkV30 Per
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Figure 1: CCD picture of the variable stars SvkV27 Per, SvkV28 Per, SvkV29 Per, SvkV30 dP#reanomparison star
TYC 3293 1459.

SvkV26 Per(GSC 3293 1438, R.AB211 29.63s DEC.=+513222.55 Equinox2000.0
(type EA, period 1.80037 day, brightness 13.57 (V) mag, amplitude 0.24 mag.)

SvkV26 Per T observed HID =l I or O-C Minimum observer
Bootstrapping
No. d N d d type
Minl 2454363.65117 0.00189 0.0001 | SWASP
Min2 2454419.4619 0.00347 0.0000 | SWASP
Min3 2455798.54222 0.00052 -0.0006 | MV

Table 4: SvkV26 Per, Times of minimum are given in HID. Minl &tid2 were obtained from SuperWASP public archive.
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Figure 2: Phase diagram (light curve) for SvkV26 Per, each colour represents another observation set.
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Figure 3: Phase diagram (light curve) for SvkV26 Per, data obtaireed 8uperWASP public archive.

SvkVv27 Per(USNO B1.0 1410059665, R.A.©21109.24 DEC.=+512910.91 Equinox2000.Q
(type EW, period 0.23646 day, brightness 14.92 (V) mag, amplitude 0.47 mag.)

Svkv27 Per | T observed HID Bo'gtr;?r;t ;ing o-C Minimum observer

No. d N d d type

Min1 2455798.43053 0.00078 0.0009 T MV
Min2 2455798.54491 0.00032 -0.0030 | MV
Min3 2455805.40102 0.00023 -0.0042 | MV
Min4 2455805.52430 0.00024 0.0009 T MV
Min5 2455811.43690 0.00023 0.00D T MV
Min6 2456956.36993 0,00043 0.0005 T MV

Table 5: SvkV27 Per, Times of minimum are given in HID.
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Figure 4: Phase diagram (light curve) for SvkV27 Per, each colour represents another observation set.
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SvkVv29 Per(USNOB1.0 14170069121, R.A.#©21300.97 DEC.=+514302.81 Equinox2000.Q
(type EW, period 0.38865 day, brightness 16.05 (V) mag, amplitude 0.23 mag.)

SvkV29 Per T observed HID B =l or O-C Minimum observer
ootstrapping
No. d Nd d type
Min1l 2455798,50691 0,00164 -0.0037 I MV
Min2 2455799,48182 0,00127 -0.0005 Il MV
Min3 2455805,51258 0,00144 0.0062 I MV
Min4 2455811,33440 0,00221 -0.0017 I MV
Table 6: SvkV29 Per, Timesf minimum are given in HID.
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Figure 5: Phase diagram (light curve) for SvkV29 Per, each colour represents another observation set.

SvkV30 Per(GSC 3293 0988, R.AB21059.39 DEC.=+514252.26 Equinox2000.Q
(type EB, pennd 0.98050 day, brightness 12.45 (V) mag, amplitude 0.35 mag.)

Svkv30 Per | T observed HID Bo'gtr;?r;t ;‘ing 0-c Minimum observer
No. d N d d type
Min1 2454337.66500 0.00270 20.0025 I SWASP
Min2 2454338.64566 0.00221 20,0023 I SWASP
Min3 2454361.69511 0.00254 0.0054 I SWASP
Mind 2454362.67629 0.00211 0.0060 I SWASP
Min5 2454363.65105 0.00302 0.0003 T SWASP
Min6 245438766465 0.00199 20,0083 I SWASP

Table7: SvkV30 Per, Times of minimum are given in HID. All data obtained from SuperWASP public archive.
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Figure 6: Phase diagram (light curve) for SvkV30 Peatadobtained from SuperWASP public archive.
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Observations of SvkV31 Cas, SvkV32 Cas, SvkV43 Cas, SvkV44 Cas
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Figure 7: CCD picture of the variable stars SvkV31 Cas, SvkV32 Cas, SvkV43 Cas, SvkV44 Cas and the comparison star
TYC 3657 1313.

SvkVv31 Cas(USNOB1.0 14510009950, R.A.901641.29 DEC.=+550652.84 Equinox2000.0Q
(type EW, period 0,29718 day, brightness 15.28 (V) mag, amplitude 0.31 mag.)

SvkV31 Cas T observed HID S or O-C Minimum observer
Bootstrapping
No. d N d d type
Minl 2455826.32047 0.00052 0.0038 Il MV
Min2 2455826.46411 0.00033 -0.0012 | MV
Min3 2455829.29322 0.00035 0.0047 Il MV
Min4 2455829.43685 0.00026 -0.0002 | MV
Min5 2455830.32913 0.00027 0.0005 | MV
Min6 2455830.48145 0.00030 0.0042 Il MV
Min7 2455852.47021 0.00036 0.0017 Il MV
Min8 2455852.31819 0.00064 -0.0018 | MV
Min9 2455853.36180 0.00034 0.0017 Il MV
Min10 2455866.43550 0.00047 -0.0005 Il MV
Min11 2455867.32835 0.00041 0.0008 1 MV
Min12 2455868.21989 0.00054 0.0008 Il MV

Table 8: SvkV31 Cas, Timesf minimum are given in HJID.
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Figure 8: Phase diagram (light curve) for SvkV31 Cas, each colour represents another observation set.

SvkVv32 Cas(USNO B1.0 1458009166, R.A.901539.20 DEC.=+551930.08 Equinox2000.0
(type EW, period 0.47740 day, brightness 15.60 (V) mag, amplitude 0.18 mag.)

SvkV32 Cas T observed HID =l b or O-C Minimum observer
Bootstrapping
No. d N d d type
Minl 2455828.41003 0.00050 -0.0004 | MV
Min2 2455829.36319 0.00056 -0.0020 | MV
Min3 2455830.31768 0.00057 -0.0023 | MV
Min4 2455833.42352 0.00170 0.0007 Il MV

Table 9: SvkV32 Cas, Timesf minimum are given in HJD.

SvklY 32 Cas

Figure 9: Phase diagram (light curve) for SvkV32 Cas, each colour represents another observation set.
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SvkVv43 Cas(3UC296006467, R.A.901618.37 DEC.=+545358.10 Equinox2000.0
(type EW, period 0.36642 day, brightads$.51 (V) mag, amplitude 0.34 mag.)
Error -
SvkV43 Cas T observed HID B . O-C Minimum observer
ootstrapping
No. d Nd d type
Minl 2455826.43877 0.00111 -0.0004 | MV
Min2 2455841.46428 0.00132 0.0019 | MV
Min3 2455852.45820 0.00089 0.0032 [ MV
Min4 2455853.36995 0.00188 -0.0011 Il MV
Table 10: SvkV43 Cas, Timesf minimum are given in HID.
SvkV 43 Cas

Figure 10: Phase diagram (light curve) for SvkV43 Cas, each colour represents another observation set.

SvkV44 Cas(3UC291006190, R.A.901701.59 DEC.=+550333.28 Equinox2000.9

(type EB, peind 0,81994 day, brightness 14.58 (V) mag, amplitude 0.17 mag.)

Error -
SvkV44 Cas T observed HID Bootstrapping O-C Minimum observer
No. d N d d type
Minl 2455829.39333 0.00133 0,0010 Il MV
Min2 2455868.33902 0.00096 -0,0004 I MV
Table 11: SvkV44 Cas, Times of minimum are given in HID.
SvkV 44 Cas
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Figure 11: Phase diagram (light curve) for SvkV@&as, each colour represents another observation set.
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Observations of SvkV35 And, SvkV36 And, SvkV37 And SvkV38 And

Figure 12: CCD picture of the variable stars SvkV35 And, SvkV36 And, SvkV37 And SvkV38 And and the comparison star
TYC 3281 1988.

SvkVv35And (TYC 328185, R.A.=020846.33 DEC.=+462603.07 Equinox2000.Q
(type EW, period 0.51782 day, brightness 11.43 (V) mag, amplitude 0.21 mag.)

SvkVv35 And T observed HID B = U or O-C Minimum observer
ootstrapping
No. d N d d type
Minl 2456154.52280 0.00098 0.0001 Il MV
Min2 2456155.55762 0.00073 -0.0007 1 MV
Min3 2456898.37440 0.00045 -0.0038 | MV
Min4 2456957,40993 0,01930 -0.0003 | MV
Table 120 SvkV35 And, Time of minimum are given in HID.
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Figure 12 Phase diagram (light curve) for SvkV35 And, each colour represents another observation set.
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