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Abstract. Standard Johnson UBVRI photometry ofn some late—type stars was confirmed earlier (e.g. Kron|1947;
V1794 Cyg (HD199178) between 1975 and 1995 is andtall1972). The FK Comae stars are one of the 11 groups of
ysed. Instead of the traditional constant period ephemessars, where magnetic activity has been observed (Hall|1991).
we determine the seasonal periodicitieB,i(;) and the Bopp & Rucinskil(1981l) defined this group, possibly represent-
primary and secondary minima epochig,if, 1, tmin,2) Of the ing coalesced W Uma binaries, as single and rapidly rotating
normalized UBVRI magnitudes using the three stage peri@}-K giants with strong chromospheric and transition region UV
analysis (TSPA) and complementary methods. Q5 1 and emission. The rapidly rotating giant V 1794 Cyg fulfills all FK
tmin,2 €Stimates with variablé’,,. can adapt easily to both Comae—type classification criteria: G51V, vyaq = —27.9£1.6
differential rotation and longitudinal activity migration. Thekm s~!(i.e. single), Ponot = 3.9337484, andvsini = 65.4
seasonal,p,.; are utilized in modelling the meai{) and total km s~!(Herbig[1958; Huenemoerder 1986; Jetsu et al. 1990a;
amplitude (@A) of contemporary light curves in UBVRI. TSPAFekel[1997). The detections of chromospheric, transition re-
reveals that the long—terdd and A changes of V 1794 Cyg aregion, and coronal activity include emission at radio (Drake et
unpredictable We search foactive longitude$rom thet;, 1 al.[1990; Walter et al. 1990), IR (Dempsey et al. 1993)1Eia
andtnin 2 Series of time points with nonparametric methodsla (Huenemoerder 1986), UV (Bopp & Stencel 1881; Simon
The critical level of 0.0029 for the bes3.93175 period & FekelI987), and X—ray (Schachter et/al. 1996) wavelengths.
detected with the Kuiper method is high, but exceeds the 0.0Die common denominator between V 1794 Cyg and the Sun is
significance for rejecting the hypothesis that the phasesmégnetic activity. But in terms of the solar—stellar—connection,
tmin,1 @Ndtmin 2 are randomly distributed. The activity centreshe rapidly rotating giant V 1794 Cyg is several factors more
inV 1794 Cyg are rarely disrupted, and most probably undergotive than the Sun, as predicted by numerous rotation—activity—
continuouslongitudinal migration, because only one abruptelations (e.g. Simon & Fekel'1987; Hartmann & Noyes 1987;
disruption is observed during 20 years. As fdifferential Pasquini et al. 1990; Strassmeier et[al. 19906hiB—Vitense
rotation, the irregular changes of seasofg),.; are 7.5%. The [1992). We perform a detailed time series analysis of the starspot
surprisingly regular 3.3% changes of yeaky.. may provide induced luminosity variations in V 1794 Cyg, and magnetic ac-
a stellar analogy of the solar “butterfly” diagram. tivity connected phenomena, such as flares, activity cycle(s),
differential rotation and active longitudes.
Key words: stars: individual: V1794 Cyg — stars: variables:
general — stars: activity — techniques: photometric 2. Light curve modelling
We model the V1794 Cyg data between 1975 and 1995: 114
subsets (SET) of UBVRI photometry with an external accuracy
of ~ 0.Mm015 in BVRI and ~ 0.™030 in U (Jetsu et al_1999:
The most distinctive aspects of sunspots, like the sunspot Baperir). The parameters of our second ordér € 2) light
cle, the latitudinal migration of activity (i.e. the “butterfly” di- curve model
agram), the solar differential rotation, and the unpredictable K
prolonged activity suppressions, were already discovered hysy— (¢ 3) :MJFZBk cos (k27 ft)+Cy sin (k2 ft) (1)
Schwabe(1843), Carringtdn (1858) and Maunder (18890,/11894). —
Yet, the correlation between solar magnetic activity and lumi- )
nosity could be verified only recently (e.g. Willson & Hudsoe: the meanX(), the amplitudes &, B, C1, (), and the
1991). That starspots, being the counterparts of sunspots,ffgauency (,i.e.the period®= f~1). The free parameter vector

duce detectable rotational and long—term luminosity variatiofs” = [M, By, By, Ch, C?» flor By =M, By, _B27 Cr, Q2] for
fixed f. Only subsets with nonflare observations during at least

Send offprint requests tfetsu@gstar.astro.helsinki.fi 7 nights (nts) are modelled. In Segt. 3 this model for the original

1. Introduction
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Fig. 1. The V light curves of subsets witlts > 7: The ephemerides in each SET &&D.,in = (tmin,1 + P)E from Tabld 3. The nonflare and
flare (F" = Flare or Flare?) observations are denoted by closed and open circles, respectively

UBVRI magnitudes iinearwith fixed f. The three stage periodOur varying P approach adapts easily to these phenomena.
analysis (TSPA) by Jetsu & Pelt (1999: Papewith f as afree Hence there is no uniqughasefor the whole data, but the
parameter is applied in Selct. 4 for thenlinearmodelling ofthe phase dependent light curve features are uniquiis, e.g.
normalized magnitudeg{..m). The nonflare datay of every the ¢i,,1 €poch does not depend strongly énhchanges of
SET withnts > 7 were normalized separately in each UBVR& few percent (see Jetsu et [al. 1993: Fig.8). The phases are
passband with a relation based on the meay)(@nd standard ¢ = FRAC[(t — tmin,1)P '] within each SET, wher&€RAC
deviation 6,) of y (Paperr: Eq. 17). removes the integer part ¢f — t.,in,1)P L. In conclusion,

All V1794 Cyg light curves are modelled with a varyindfirst the nonlinear TSPA modelling @f,orm Yields P, tmin 1
P = Pypot. The besP in each SET is determined with the TSPAaNd ¢ i, 2 Of each SET, and then the linear modelling of the
applied tog,orm from all available passbands, which also yieldd BVRI magnitudes wittHJID i, = (tmin,1 +P)E gives My,
the primary and secondary minire@ochtmin 1, tmin,2). The Msz,..., M1, Ay, As,..., Ar andA;. The M, A, tmin.1, tmin,2
ephemerided1JD ,;, = (tmin1 + P)E are used for the lin- and P errors are estimated with the bootstrap explained in Pa-
ear modelling of the mean\{) and the total amplitudeA) of per1 (Sect. 4).
the light curve in each UBVRI passband. Bathh and A are The results of this varying period analysis of V 1794 Cyg are
nearly independent aP, because\f ~ m, andA/s, ~ 2.7 presented in four separate tables. The mean and the total am-
are accurate approximations for subsets with> 7 (Paperr:  plitude of the UBVR light curves during each SET are given in
Sect. 6.3). Like for any active star, the traditional const&nt Table]l (\/ and A). The analysis of a series of time points, the
ephemeris for the whole data of V 1794 Cyg would overlogsrimary and secondary minima epochs of these lights curves,
differential rotation and longitudinal shifts of activity centresis summarized in Tablg 2. The results of the time series anal-
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Fig. 2. The U light curves for subsets witlts > 7, otherwise as in Fif]1

ysis of the normalized magnitudes within each SET are givéfiflares, these are most probably of short duration, because two
in Table[3 @, tmin,1 aNdtmin,2). The last Tabl&l4 presents thesuccessive measurements possibly representsigge event
predictions for the changes in the yearly primary minima.  were recorded only during SET=40. But except for a few sub-
sets, V 1794 Cyg was observed only once or twice each night,
which prevents an indisputable flare identification, such as e.g.
in Jetsu et al[{1993: Fig. 1). Apart from flares or observational
This section studies th&/ and A of each SET with a linear errors, rapid light curve changes might induce some of these
model (EqC1), whergf = P~1 andHJD i, = (tmin,1 +P)E  deviations (e.g. Figl1l: SET=112), because an adequate light
are from Tablé . curve phase coverage requires a subset length of abtutn-

like FK Com (Jetsu et al. 1993: Fig. 6b), V1794 Cyg seems to
have no preferred flaring phase with respect to the light max-
imum (Figs[1 an@12). Henry & Newsorn (1996) detected only
We found no earlier photometric flare detections fdive photometric flares in 17207 measurements of 69 chromo-
V1794 Cyg, nor reported any in Jetsu et al. (1990a. 1990bpherically active evolved stars. Those flare detections for UX
All UBVRI light curves were analysed with the flare detecAri, Il Peg, and AR Psc coincided with light curve maxima,
tion procedure applied earlier for FK Com (Jetsu et al. 1993s also for FK Com (Jetsu et al. 1993). Our flare analysis for
It relies on the light curve residuals, and on the regular livv 1794 Cyg resembles that by Henry & Newsaom (1996), except
ear dependence between nonflare measurements in two ahait the F=Flare? events were identified without U-band data,
trary UBVRI magnitudes (Jetsu et al. 1993: Figs. 1, 2 and 3nd are therefore less reliable.

Flares are above the light curve and violate the aforementioned

linearity, especially in UB. Flares were identified in 19 subs-
sets, including 4 in Jetsu et &l. (1990a, 1990b). Our “Flare” an
“Flare?” notations are as in Jetsu et[al. {1993): U-band data weig[3 displays thé/g, M+, Mg—My, Ag, andAy changes for
available only for the former ones, and thus the latter identifubsets withts > 7. Tabld1 gives all/ andA in UBVR. Only
cations are uncertain, the flares deviating less in BVRI (corfour subsets hadts > 7 in I. These SET=6, 10, 22 and 32 had
pare Figd 1l andl2). These deviations were excluded before 3e=6.159 + 0.002,6.179 + 0.002,6.123 £ 0.003 ands.144 +
light curve modelling and the determination®f,,.,,, regard- 0.002 combined withA;= 0.0470 £ 0.0077, 0.0766 £ 0.0038,
less of whether they represent real flares or observational err6r863 + 0.011 and0.0746 4 0.0067, respectively. For example,

3. Original UBVRI magnitudes

3.1. Flares

dz' Activity cycles: thé/ and A changes
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Table 1.The meansiX{v, Mg, My andMg) and total amplitudes4Av, Ag, Ay andAg) for the modelled UBVR light curves of subsets with

nts>7
SET EpOCh My AU Mg Ap M~ AV Mg AR

1 1975.84 8.0144(.0005) 0.0536(.0020) 7.229(.001) 0.0465(.0052) 6.562(.001)  0.0276(.0048)

3 1980.54 8.019(.002)  0.2129(.0057) 7.205(.002) 0.1831(.0080)

4 1980.73 8.05(.01) 0.146(.027)  7.226(.008) 0.122(.022)

6 1982.73 8.370(.003) 0.099(.011)  7.991(.001)  0.0798(.0058) 7.231(.002) 0.0684(.0065) 6.565(.002)  0.0518(.0068)
10 1983.69 8.4126(.0008) 0.0926(.0025) 8.019(.002)  0.1013(.0067) 7.259(.002) 0.0896(.0056) 6.5848(.0008) 0.0763(.0019)
12 1984.64 8.356(.004) 0.073(.014) 8.008(.002) 0.0712(.0070) 7.222(.002) 0.0533(.0076)

14 1985.39 8.311(.004) 0.067(.012) 7.976(.001) 0.0281(.0046) 7.192(.002) 0.0123(.0061)

15 1985.62 7.954(.001)  0.0389(.0076) 7.186(.001) 0.0454(.0070)

16 1985.71 7.941(.003)  0.0656(.0077) 7.170(.003) 0.0576(.0064)

17 1985.80 7.950(.002)  0.1160(.0067) 7.177(.002) 0.0855(.0073)

18 1985.86 7.948(.002)  0.1126(.0057) 7.176(.002) 0.0919(.0049)

19 1985.94 7.967(.006)  0.090(.022)  7.163(.005) 0.067(.015)

20 1986.36 7.912(.002) 0.0731(.0076) 7.159(.003) 0.0401(.0067)

21 1986.43 7.920(.001)  0.0497(.0050) 7.161(.002) 0.0197(.0054)

22 1986.68 8.308(.003) 0.175(.020) 7.929(.002) 0.140(.013) 7.199(.002) 0.104(.012) 6.524(.004) 0.078(.015)
23 1986.83 7.096(.002) 0.1113(.0061)

24 1987.37 7.878(.007)  0.197(.032)  7.129(.007) 0.125(.032)

25 1087.48 7.909(.003)  0.081(.013)  7.149(.002) 0.057(.010)

27 1987.77 7.962(.002)  0.0972(.0076) 7.182(.001) 0.0808(.0051)

29 1987.89 7.943(.007)  0.199(.032)  7.170(.006) 0.159(.027)

30 1988.34 7.925(.002)  0.0485(.0049) 7.139(.002) 0.0353(.0049)

31 1988.42 7.935(.002)  0.0502(.0076) 7.156(.002) 0.0775(.0084)

32 1988.75 8.323(.004) 0.124(.014) 7.947(.003) 0.105(.012) 7.226(.002) 0.0954(.0089) 6.553(.004)  0.097(.014)
33 1988.73 8.296(.009)  0.099(.032)  7.938(.002)  0.0595(.0054) 7.162(.002) 0.0527(.0049)

34 1988.79 8.279(.004) 0.082(.015) 7.954(.002)  0.0986(.0065) 7.181(.002) 0.0791(.0054)

35 1988.86 8.299(.006) 0.063(.014) 7.943(.003) 0.119(.010) 7.169(.002) 0.1121(.0069)

36 1988.93 8.309(.005) 0.124(.016) 7.948(.001) 0.1020(.0031) 7.171(.002) 0.0876(.0049)

37 1989.36 8.291(.006) 0.103(.027)  7.983(.002)  0.0909(.0045) 7.205(.001) 0.0682(.0037)

39 1989.44 8.300(.007) 0.086(.026) 7.982(.002)  0.0544(.0047) 7.209(.001) 0.0439(.0046)

40 1989.53 8.341(.006) 0.114(.014) 8.014(.003) 0.111(.010) 7.218(.002) 0.1011(.0068) 6.545(.002)  0.0814(.0055)
41 1989.62 8.339(.006) 0.231(.017) 8.006(.002)  0.2123(.0055) 7.210(.002) 0.1838(.0037) 6.541(.002)  0.1540(.0044)
42 1989.69 8.338(.005) 0.273(.014) 7.998(.003)  0.2208(.0092) 7.208(.002) 0.1919(.0065) 6.541(.002)  0.1645(.0071)
43 1989.71 8.379(.002)  0.2384(.0078) 7.990(.007) 0.257(.028)  7.202(.005) 0.214(.016)

44 1989.78 8.36(.02) 0.258(.046)  8.0074(.0010) 0.2007(.0032) 7.220(.003) 0.1846(.0068)

45 1989.77 8.312(.005) 0.232(.014) 7.989(.007) 0.258(.026)  7.206(.006) 0.237(.021)  6.540(.004)  0.174(.016)
46 1989.85 8.366(.003) 0.200(.011) 8.008(.002) 0.1722(.0063) 7.223(.002) 0.1508(.0043)

47 1989.88 8.318(.004) 0.179(.017) 7.984(.004) 0.180(.015) 7.202(.003) 0.132(.012) 6.532(.003) 0.110(.011)
48 1989.94 8.334(.004) 0.165(.017) 7.991(.003) 0.128(.010)  7.209(.002) 0.1195(.0058)

49 1990.37 8.364(.002) 0.0798(.0059) 7.982(.002) 0.0665(.0061) 7.197(.002) 0.0481(.0056)

50 1990.38 7.966(.002)  0.0991(.0085) 7.189(.002) 0.0664(.0078)

52 1990.44 8.341(.005) 0.115(.016) 7.9884(.0008) 0.0897(.0028) 7.203(.001) 0.0680(.0031)

53 1990.45 8.281(.004) 0.147(.014) 7.963(.003) 0.098(.012)  7.185(.003) 0.0774(.0097)

54 1990.46 8.299(.004) 0.097(.013)  7.972(.006) 0.099(.016)  7.201(.004) 0.078(.015) 6.531(.004) 0.078(.012)
55 1990.55 8.322(.003) 0.109(.010)  7.984(.002)  0.0904(.0073) 7.198(.002) 0.0777(.0061) 6.533(.002)  0.0668(.0056)
56 1990.63 8.353(.003) 0.0699(.0093) 8.018(.002)  0.0591(.0068) 7.221(.002) 0.0536(.0058) 6.557(.002)  0.0373(.0043)
57 1990.74 8.302(.002) 0.0953(.0093) 8.001(.002)  0.0848(.0093) 7.234(.001) 0.0874(.0060)

58 1990.74 8.326(.003)  0.1004(.0090) 8.001(.003) 0.094(.020)  7.226(.002) 0.080(.012)

59 1990.71 8.351(.003) 0.055(.011) 8.027(.002)  0.0505(.0069) 7.234(.002) 0.0497(.0058) 6.564(.002)  0.0383(.0063)
60 1990.79 8.360(.004) 0.094(.014) 8.015(.004) 0.086(.011) 7.223(.002) 0.0754(.0067) 6.566(.004)  0.056(.011)
61 1990.81 8.332(.004) 0.063(.014) 8.005(.003) 0.0436(.0075) 7.225(.002) 0.0411(.0073)

62 1990.82 8.302(.004) 0.075(.013) 8.003(.002) 0.0524(.0060) 7.229(.002) 0.0386(.0058)

63 1990.89 8.344(.005) 0.116(.018) 8.007(.002) 0.0582(.0080) 7.212(.002) 0.0611(.0080) 6.550(.003)  0.0429(.0093)
64 1990.90 8.321(.002) 0.0550(.0062) 7.994(.001) 0.0424(.0036) 7.221(.002) 0.0377(.0049)

65 1990.92 8.345(.003)  0.0473(.0091) 7.994(.002) 0.0414(.0064) 7.208(.002) 0.0352(.0075)

66 1990.99 8.000(.007)  0.116(.021)  7.217(.004) 0.105(.013) 6.551(.003)  0.106(.014)
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SET EpOCh My Ay Mg Ap M~ Av Mg Ar

67 1991.37 8.299(.002) 0.0512(.0075) 7.984(.002) 0.0438(.0065) 7.214(.002) 0.0376(.0072)

68 1991.37 8.310(.003) 0.0489(.0071) 7.995(.001) 0.0493(.0036) 7.2066(.0008) 0.0436(.0023) 6.524(.002)  0.0419(.0040)
69 1991.40 8.298(.003) 0.0535(.0092) 7.992(.002)  0.0613(.0059) 7.204(.001)  0.0493(.0042)

70 1991.45 8.312(.004) 0.0404(.0100) 7.989(.002)  0.0246(.0047) 7.215(.002)  0.0349(.0050)

71 1991.47 8.307(.002) 0.0306(.0062) 7.986(.001) 0.0258(.0046) 7.201(.002)  0.0266(.0061)

72 1991.49 8.321(.003) 0.0266(.0090) 7.992(.002)  0.0298(.0080) 7.193(.003) 0.047(.011) 6.543(.002)  0.0220(.0070)
73 1991.57 8.332(.003) 0.0383(.0085) 8.006(.003) 0.045(.010)  7.208(.003)  0.0348(.0098) 6.545(.002)  0.0242(.0083)
74 1991.66 8.319(.004) 0.036(.012) 8.009(.002) 0.0254(.0054) 7.223(.002) 0.0231(.0070) 6.545(.002) 0.0198(.0049)
75 1991.76 8.327(.002) 0.0616(.0097) 8.022(.002)  0.0476(.0074) 7.228(.002)  0.0299(.0052) 6.559(.003)  0.0348(.0079)
76 1991.76 7.991(.002)  0.0275(.0058) 7.204(.002)  0.0268(.0056)

78 1991.83 8.336(.003) 0.045(.011) 8.031(.002) 0.0539(.0058) 7.238(.001) 0.0449(.0049) 6.5661(.0007) 0.0404(.0028)
79 1991.83 8.006(.002)  0.0332(.0062) 7.214(.002)  0.0338(.0054)

80 1992.38 7.979(.003)  0.1221(.0064) 7.191(.003)  0.1071(.0085)

82 1992.47 7.973(.003)  0.1549(.0082) 7.188(.001)  0.1293(.0034)

83 1992.57 8.313(.004) 0.196(.012) 8.009(.002) 0.1749(.0064) 7.218(.002)  0.1470(.0049) 6.536(.002)  0.1196(.0048)
85 1992.67 8.312(.005) 0.153(.016) 8.003(.004)  0.1313(.0098) 7.208(.002)  0.0940(.0069) 6.531(.002)  0.0794(.0060)
87 1992.75 8.299(.004) 0.154(.015) 7.985(.003) 0.1015(.0073) 7.202(.002)  0.0724(.0061) 6.520(.002) 0.0560(.0062)
88 1992.77 8.295(.003) 0.1415(.0096) 7.967(.002) 0.1088(.0052) 7.174(.002) 0.0797(.0041)

89 1992.83 8.001(.002)  0.1411(.0060) 7.211(.002) 0.1111(.0052) 6.531(.004)  0.0921(.0096)
90 1992.87 8.308(.007) 0.113(.018) 7.965(.003) 0.0811(.0054) 7.179(.003)  0.0933(.0098)

92 1993.43 8.265(.001) 0.1205(.0043) 7.945(.002) 0.1040(.0061) 7.155(.002) 0.0765(.0050)

93 1993.45 8.255(.010) 0.151(.030) 7.961(.003) 0.1126(.0094) 7.182(.002)  0.0769(.0051) 6.505(.002)  0.0587(.0059)
94 1993.54 8.249(.003) 0.1363(.0084) 7.954(.002) 0.1212(.0048) 7.173(.001)  0.0889(.0042) 6.499(.002)  0.0728(.0045)
97 1993.61 8.249(.004) 0.153(.015) 7.953(.002) 0.1111(.0084) 7.177(.002) 0.0898(.0055) 6.500(.001) 0.0761(.0041)
99 1993.68 8.269(.005) 0.138(.013) 7.956(.001) 0.1247(.0036) 7.175(.002)  0.1074(.0054) 6.503(.002)  0.0881(.0049)
100 1993.71 8.255(.004) 0.136(.012) 7.932(.002) 0.1115(.0062) 7.147(.002)  0.0949(.0046)

103 1993.78 8.271(.002) 0.1251(.0066) 7.970(.002)  0.0679(.0051) 7.190(.002)  0.0569(.0047) 6.509(.002)  0.0611(.0069)
104 1993.81 8.279(.002) 0.0805(.0070) 7.9409(.0010) 0.0690(.0030) 7.159(.002)  0.0553(.0055)

105 1993.90 8.303(.006) 0.080(.019)  7.960(.001)  0.0616(.0044) 7.172(.003)  0.0624(.0091)

106 1994.48 8.303(.006) 0.062(.019) 7.962(.002)  0.0556(.0075) 7.172(.002)  0.0665(.0061)

107 1994.48 8.003(.002)  0.0528(.0060) 7.212(.002)  0.0479(.0059) 6.527(.002)  0.0423(.0044)
108 1994.55 8.301(.003) 0.059(.014) 8.002(.002)  0.0411(.0071) 7.213(.003) 0.0592(.0076) 6.530(.002)  0.0455(.0060)
109 1994.63 8.325(.005) 0.073(.016) 8.015(.002) 0.0602(.0057) 7.225(.002)  0.0640(.0077) 6.541(.002)  0.0550(.0048)
110 1994.70 8.320(.003) 0.114(.011) 8.011(.002) 0.0725(.0076) 7.216(.002) 0.0674(.0064) 6.536(.002) 0.0659(.0085)
111 1995.48 8.322(.003) 0.1389(.0084) 8.013(.002)  0.1274(.0054) 7.208(.002)  0.1057(.0061)

112 1995.75 8.336(.005) 0.169(.016) 8.001(.002)  0.1313(.0054) 7.197(.003)  0.1063(.0078)

113 1995.83 8.353(.006) 0.091(.018) 8.008(.003) 0.078(.011) 7.195(.001)  0.0583(.0045)

114 1995.90 8.350(.004) 0.0196(.0096) 8.009(.001)  0.0141(.0030) 7.199(.001)  0.0252(.0036)

M+ has varied between 7.10 (SET=23) and 7.26 (SET=10), apetiods were’.y1c =15".0+0.Y6 and7.Y3+0.Y3. Correlation
Ay from0.01 (SET=14)t00.24 (SET=45). There has been a hb#tween\/z and My, (Figs[3ab) induced the same periodicities
a year interval of nearly constant brightness (Eig. 1: SET=67er the former. The firsP.y.i. = 15" (~ double sinusoid) repre-
79), as well as changes from high; to nearly constant bright- sents the whole data time span without the “lonéljs; at 1975.
ness during a few months (e.g. Hih. 1: SET=112-114). Contrdrge secondPeyce = 7.¥3 (~ sinusoid) is aboul5¥ /2. Both

to Av, the My, changes are smoother, but with some scatter sb,.i. are not significant, because the 93 valued&f o,
perimposed. This may be partly due to photometric transfornfeave x2 ~ 8000 (Eq. 10 in Papen: P(xZ) = 1). Our oy,
tion inaccuracies for the data from different observatories. New- Table[] are comparable to photometric internal accuracies
ertheless, this short—ter, scatter is mostly intrinsic to the o;,; =0.™003. TheseMy; periodicities would not be significant
object, because consecutive light curves are continuous{Fig eljen if the external accuracy f; ~0.™015) were assumed to
The surface temperature of V 1794 Cyg follows these long-tereduce the by o2, (02, +02 )t ~0.17, i.e. fromyZ = 8000
mean brightness changes, sindg — My decreases when theto ~ 140 > n =93. The short—term\/y; changes are therefore

brightness increases (Fig. 3c).

A second order weighted TSPA was performed foritig,
My, Ag andAy changes (Paper K =2inEq. 1). The best/y

real, becausé.,.. = 15" represents the whole observing inter-

val without the M~ value at 1975. A significant second order
P.yc1e = 15 model would require a much more conservative
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:ZZ = . @)1 Table 2.The bestP detected foff} with the SD—, WSD—, K—and WK~
8’007 . . A f‘-“.'.. oy ] s methods. The critical levels for the detected with the nonweighted
crob . . - SD- and K—methods a@sp andQx (Paperir: Eqgs. 19 and 24)
7.00F 3, (b)
710 L] |

Y . SD-method WSD-method
7200 o N .t i r-ﬁﬁ"*- - P Qsp P
7.30
0708 Mgy . . . (c) best 3.2811+£0.0010 0.0086  3.2812+0.0010
0.75F [ . B
ol ® . _-: CFLTIY Y W - 2nd best  3.3194+0.0011 0.017 3.2851+£0.0010
. % K—method WK-method
0.3f 4, . # (d) P Qx P
i . A %o . | Dest 3.3175+£0.0011  0.0029  3.28020+0.00076
Ot o L _,-"‘; - la* ™ i ¢ " | 2ndbest 3.2883640.00068 0.0042 3.32158-+0.00094
0.0 | |
0.3 A, (e)
0.2F - E

. L. | f

o1f R LT Far i F R .
ol ™ PPy v Ry "er which were those not present$®> 190 bootstrap samples out

1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 Year Of 200 (Papel’l RIII)- A detalled R and RII reJeCthn exam_
F|g Sa_e'TheMB, MV‘ MBfMV‘ AB andAV Changes (Tab|a 1) ple for SET:114 was giVen in Pape(Sect. 62) Our Tab 3
also contains all rejecte, ¢ in 1 andimin 2, because these un-

doubtedly contain some, although less reliable, TSPA modelling
oext than our).™015. The Ag and Ay changes are neither pe-information.

riodic. The bestPeyce = 2.Y624+0.Y03 for Ay hasyZ ~ 2000
for n = 93. And hereo.,; does not influencg?, because the
Ay are nearly independent of external accuracy. Thus we
not reject the “null hypothesis” that th& variations are pure Numerous studies have uncovered active longitudes in chro-
noise (Paper: H in Sect. 3.3). In conclusion, V 1794 Cyg hasnospherically active stars (e.g. Eaton & Hall 1979; Hall 1987,
no regularM or A cycles. 1991; Zeilik[1991; Jetsu 1996). The starspots seem to concen-
The earlierM and A periodicities were detected with thetrate on such long-lived regions rotating with a constant an-
power spectrum method from data between 1975 and 19fi9ar velocity. Here the active longitudes of V 1794 Cyg are
(Jetsu etal. 1990a, 1990b). Those studies relied on a co3tagearched for in thé,;, 1 andt i, 2 epochs using the nonpara-
ephemeris with a sinusoidal model. Without the first two sulaetric methods from Jetsu & Pelt (1996: Papa). Active
setsin Jetsu et al_(1990a, 1990b), the others were between 188Qitudes were detected in four RS CVn binaries with these
and 1989, which explains this earli@? 1 cycle detection for methods in Jetsli(1996), where the data were the epochs when
M. The significance of the other¥8 cycle in A was not esti- the starspots modelled by Henry et al. (1995) crossed the centre
mated in Jetsu et al. (1990a, 1990b), but hége . =2.¥62 for  of the visible stellar disk. Here the daf ¢ or,) are thet yin 1
Ay must certainly be rejected. andti, 2 Not rejected with R Ry and Ryy (Tablel3:n =81).
TheseT; are circular data when folded with an arbitraPy
We searched for periodicity ifi with the nonparametric meth-
ods by Kuiper[(1960: the K—-method) and Swanepoel & DeBeer
In this section the three stage period analysis (TSPA) from R&990: the SD—method), and their weighted versions that can
per 1 is applied to thej,.m Of V1794 Cyg. The 21 subsetsalso utilizesr, (Papernii: the WK—and WSD-methods). These
with less than 7 nights of observations were not normalizenethods test the “null hypothesisHe): “The ¢, of T; with
and subsequently not analysed with the TSPA. Table 3 gives #rearbitrary P are randomly distributed between 0 and We
P, tmin,1 @ndtyin 2 for the remaining 93 subsets withs > 7.  testedHp betweenPy;y, =3.915 and P, = 3.945, i.e. within
Paper: summarized three rules for rejecting SOMetyin 1 OF 5% from (Pax — Pin)/2 = 3.930. As in Jetsu[(1996), the
tmin 2 €Stimates. Thérstrule rejected the”, t,min 1 andémin2  Significance level for rejectinglp was~ = 0.001. The best
of a SET, if the bootstrap distribution of any model parametékp = 3.28114+0.0010 and Px = 3.3175+0.0011 had critical
was not gaussian (Paper R;). Two detailed TSPA analysislevelsQgsp = 0.0086 and Qk = 0.0029 >~ =0.001 (Table[2).
examples for the subsets SET=42 and 114 were presentetiégmceHp was not rejected for V 1794 Cyg.
Paper1. When we performed the same TSPA analysis proce- The T; + o, data quality prevented)wsp and Qwxk
dures for each of the 93 subsets of normalized photometry, trstimates with the weighted WSD— and WK-methods. The
R; rejection rates were 5/12 and 8/81 fas < 10 andnts > 10 two largest rescaled; weights (Jetsu 1996w; in Eg. 1) are
subsets, i.e. more data increased modelling reliability. Thesg.x 1 =wWmax,2 =4.65, the smallest bein@ i, 1 =0.04. The
thirteen R rejections are indicated by “r" in columH¢ of Ta-  ratio Wg =wmax,1/Wmin = 108.5 exceeds those in Jetsu (1996:
ble[3. Thus ousecondule (Papen: Ry;) rejected theP, t,in,1  Table 1), while the WSD—method “breakdown” parameter is
andtyin 2 Of everynts < 10 subset (Table]3: 12/93 subsets)R(s) = 0.04 (Jetsu_1996: Eq.5). BotR(s) and W indicate
Finally, thethird rule rejected nine “unreall,,;, » in Table[3, unreliableQwsp and Qwk estimates. However, the order of

c%\rjf Active longitudes: thgin,1 andtmyin 2 changes

4. Normalized magnitudes
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Fig.6. P rejected (open squares) and not rejected (closed squares)

0.0 02 04 06 08 10 00 02 04 06 08 1.0 00 02 04 06 08 10  With Ry and Ry (Table[B:+30p errors!). The dotted and continuous

Fig. 4. aThe primary and secondary minima phasesi(.1, ¢mm.2) Norizontallines are the respectiv® + 3A P, limits
with HIDpin = 2442000.0+3.2811E. The rules R, Ry; or Ry forre-
jecting/not rejecting some of thegg,in,1 aNdgmin 2 estimates are ex- ==
plained in the beginning of Sect. 4. Thgin,1 aNdpmin,2 rejected/not 9980
rejected with R, Rz or Ry are denoted with open/closed squares ant>°
open/closed triangles, respectivaiyWhite/dark distributions denote 3.340
¢dmin,1 rejected/not rejected with{RRr or Rirr. CAS inb for ¢min,2.  3.330

P,+AP,=3.305+0.018(=2=3.3%)
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20— S o] S e @ Fig. 7. P for the yearlygnorm (Table[4:430p errors!). Note the two
’ ' ’ ' P values in 1990 when the only observed abrupt phase shift @6
occurs
methods analyse all; with unity weights. Hence these low

amplitude light curves deteriorate tiiestatistics. BecauseR
Rir and Ry already eliminate a sizeable fraction of data, an
additional rule would have been questionable (e.g. rejedting
when Ay goes below some fixed limit). On the other hand, no
guantitative significance estimates for the active longitudes in
chromospherically active stars have been published, except for
significance and thep estimates for thé® detected with these those given here and in Jetsu (1996). For example, Eaton & Hall
weighted methods are correct in Table 2 (see Papebect.5). (1979), Hall (1987, 1991) or Zeilik (1991) do not quantify the
No significant active longitudes were detected fatatistics of this phenomenon. This may justify our subsequent
V 1794 Cyg, unlike in an equivalent analysis for four RS CVgualitative ¢, study with the besPyx and Psp of Table[2,
binaries (Jetsu 1996). This absencelbfperiodicity verifies not forgetting that these periodicities do not regeh0.001.
the inappropriateness of a traditional const&réphemeris for Although Px = 3.3175 has the best critical levelldx <
V1794 Cyg. Several phenomena complicate active longitudrp), the ¢, with Psp =3.2811 are discussed first, this peri-
detection, strong differential rotation being the most probabdelicity being within+1op the best one detected with the SD—,
one (Secf 4]2). V1794 Cyg had several low amplitude ligh¥SD—and WK-methods (Tadle 2). Fig. 4 displaysdhewith
curves with inaccuraté,in 1 and tmin 2. The SD— and K- Psp=3.2811 and an arbitrary zero epoch. The long—tesin

00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 1.0

Fig. 5a—d.As in Fig[4 forHJD i, = 2442000.0+3.3175E
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Fig. 8. Then yearly ynorm for nsgr subsets and their ephemerides. Note that 1990 is dividedbimba1990s andpHOT199(B

changes appear irregular, and even the yearly changes are rdffd Differential rotation: theP changes
(Fig.[da). Note that the dark and white distributions denote t
analysed and rejectefl,, respectively. The dark,,;, 1 dis-
tribution is broad and unimodal, the white rejected one bei
uniform, i.e. random (Fi@l4b). The dark and whitg,, » dis-
tributions are nearly uniform (Figl 4c). The combined dark un
modal ¢yin 1 andémin 2 distribution is too dispersed to reac
v=0.001.

A similar discussion is unnecessary féik = 3.3175,
but some striking features in Fig.5 deserve a few commen
The ¢min,1 @ndgu,in 2 distributions are similar (Figl5bc). Fur-
thermore, the rejected/not rejected distributions resemble e
Z:]h;)r/’seeffif]gh;iiotﬁzi%é@i%uggtgl_e.l.r%‘?:te; ??;t? Vr;/]?;tnorevealed thatts > 10 by itself is not a sufficient condition for

represent a real structure having rotated with a constant ang alljf%f liable TSPA (Paper. Sect. 6.2). The TSPA of low ampli-

velocity for about two decades. After all, the dark distributio € _I|ght curves is especially gnstable, €.g. fheilfference
in Fig[Bd is quite improbable(fx — 0.0029). Finally, Figs[3 certainly exceeds-1op for the simultaneous SET=61 and 62

and® connect throug(rPS_Dl +P§1)‘1:299di12d, which is (nts=16 and 23). Sinc® is unique in time, these data must

relatively close to th@65° window. But is Py, or Py “real Conlt_aaltri]tltjjgtladgcr:gzi%te crireotresr.mine the angular velocity of an indi
or “spurious”, remains unsolved. In conclusion, the active lon- 9 Y

gitudes of V1794 Cyg are a controversial subject, although V\\fldual sunspot. One should not forget the “sobering reminder”
reject this hypothesis with—0.001 ' aBout the solar differential rotation law (Howdrd 1994: his

tf%e short—ternP changes indicate detectable differential rota-
ionin V 1794 Cyg. Fid_b displays the rejected and nonrejected
from Table[3 with+3c0p errors. Their respective weighted
means,P,, £+ AP, = 3.31240.108 and 3.30940.041, give
7 — 6AP, P, =19.6% and 7.5% (Jetsu et al._1993: Eq. 3).
heseZ confirm that a reliable TSPA requiress > 10. Nev-
ertheless, evef = 7.5% implies three times stronger differen-
jal rotation in V 1794 Cyg than in FK Com (Jetsu et[al. T093:
= 2.4%). These rapid irregulaP changes interfere with ac-
tivE longitude detection and verify the uselessness of a constant
?ephemeris. The detailed example for SET=114 with nts=16
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Fig. 9. The predictions for the yearly means of the primary minitaa, 1 from Table4. The beginning of Sect. 4.3. contains a detailed example
of how the yearlyP of PHOT1985 andPHOT1986 provide one of these predictions. Thgn,1 andémin,2 rejected/not rejected withiRRr; and

Riir are denoted by open/closed squares and open/closed triangles, respectively. The horizontal dashed lines aréghe.yieasly-o e obs
limits. The A¢ path (thick continuous line) connects earlier observed ygatly (¢min,1)obs) t0 the predicted one§t), (¢pmin,1)pred). The
narrow continuous lines denote the error limi§nin,1)prea & 104, preda. Note that 1990 consists ef10T71990x andpPHOT199(B

Fig. 2). This law, frequently cited in connection with stellar difbeen restricted within:1.65% (= Z/2) around3.30. These
ferential rotation (e.g. Hall & Bushy 1990: Eq. 2), relies on a girearly P might represent the butterfly diagram of V 1794 Cyg,
gantic sample (e.g. Howard 1994: 36708 sunspot groups). Weut reveal no significant correlation wifti. Again a solar anal-
the solar—stellar—connection literally valid, regularchanges ogy could explain this, because the sunspot maximum coincides
would be hard to detectin the meagre stellar data samples. Dafth the main activity on the butterfly diagram mid—latitudes.
our empirical Figl6 then support this conclusion? SupposeThis could induce a phase shift of several years betweand
stellar counterpart for the solar butterfly diagram, where the Iatf. But V 1794 Cyg has had only one well establistiédmin-
itude of main activity correlates with the starspot cycle phaseium at 1991 (i.e. spot maximum), and two uncertain ones at
This might be detectable as regular yeaflychanges, assum-1984 and 1994 (Fi@l3). Hence we do not speculate about the
ing no abrupt longitudinal shifts for the activity centres. Eig. @onnection between these regular yedtlghanges, and latitu-
displays theP obtained with TSPA for the yearly,...,. This dinal migration or activity cycle (if there is any).
analysis was restricted between 1985 and 1995, because at least
four g,0rm Subsets per yean§rr) were available during this 4.3. Migration
interval. Fig[8 shows thg,,.., with these yearly ephemerides.
Their predictability, as well as the two ephemerides for 1990he yearlyP gave they, .., ephemerides in Fifl 8. Although
are the subject of our next S€ct.|4.3. the inadequacy of a constaftephemeris for thevhole data
Unlike the seasonal (Fidl 6), the yeafychanges are sur- has been frequently emphasized, this does not necessarily in-
prisingly regular (Fidd7). Thes# are very accurate (Figl 7:dicate disruption for the regions of main activity. For exam-
P=30p), and might even follow some cycle, except for those ate, latitudinal migration mightinduce apparent disruption. The
1986 and 1994. They fulfilt = 3.3% with P, =3.305, and sug- tmin,1 Modulations for the very same long-lived active region
gest that our nonparametri¢ analysis in Sedfi. 4.1 could havecould resemble the continuous O—C changes of the primary and
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Table 3. The tmin,1, tmin,2 and P for the gnorm Of subsets witmts > 7. The R rejections are denoted with “r” in columHA¢, while the
Rur rejections are applied to subsets wiitls < 10. Finally, Rir rejects the min,2 with S <190

SET nts H; P tmin,l tminyg (S) SET nts H: P tmin,l tmin,2 (S)
1 7 r 3.572+.093 42721.8324.051  42720.472+.087(197) 62 23 3.191£.017 48180.91+.10 48178.56+.15(128)
3 14 3.33584+.0032 44419.2144+.041 63 17 3.321£.010 48204.559+.061 48206.5534.061(200)
4 9 r 3.3477+.0091 44495.78+.12 64 16 r 3.335+.014 48210.90+.19
6 10 3.2169+.0060 45230.651+.024  45228.715+.034(200) 65 14 3.559+.017 48213.148+.089 48214.981+.079(200)
10 8 3.347+.031 45587.330+.078 66 11 r 3.418+.033 48242.99+.15 48244.46+.13(200)
12 9 3.2894.098 45931.50+.16 45932.58+.16(149) 67 15 3.310£.018 48379.544.25
14 8 r 3.500£.095 46186.331.26 46187.94+.24(200) 68 11 3.328+.017 48389.521+.047
15 16 3.276£.018 46284.731+£.071 69 17 3.300£.029 48392.99+.14
16 20 3.317+.017 46314.329+.071 70 19 3.323£.020 48412.124+.11
17 17 3.315+.014 46350.586+£.043 71 14 3.4124+.040 48421.884+.098
18 13 3.3298+.0087 46373.498+.035 72 16 3.235£.016 48421.674+.087 48423.21+.10(200)
19 13 r 3.547£.050 46403.783+.083  46402.19+.15(196) 73 26 3.259£.031 48455.12%.15 48453.78+.18(186)
20 12 3.267+.015 46554.90+.17 74 27 3.306+.014 48487.985+.074 48486.368+4.091(200)
21 12 3.273+.028 46587.416+.052  46588.95+.12(192) 75 11 r 3.311+.028 48520.66+.13 48522.264.13(200)
22 7 3.305£.021 46682.261+£.050 76 18 3.416£.039 48530.14+.13 48531.63+.21(114)
23 13 3.3130+.0042 46702.4724+.065 46704.690=+.089(154) 78 12 r 3.314%+.024 48553.667+.039 48551.789+.041(200)
24 9 r 3.8144+.021 46919.33+.19 46920.66+.21(197) 79 15 3.357+.027 48558.218+.075 48556.690+.089(200)
25 10 r 3.3254+.037 46965.395+£.080 80 13 3.2820+.0081 48752.16+.11
27 13 3.33231+.0093 47068.644+.046 82 21 3.2943+.0052 48785.153£.055
29 10 3.21584.0046 47108.201+.062 83 28 3.29814.0046 48821.290+.025
30 16 r 3.265+.031 47279.88+.24 85 23 3.28224.0063 48854.250+.046
31 12 3.263+.017 47312.112+.070 87 18 3.286£.011 48886.958+.049
32 7 3.3209+.0073 47416.33+£.13 88 17 3.2700+.0090 48896.923£.033
33 20 3.300£.016 47417.144+.12 89 11 3.283£.020 48919.743+.052
34 14 3.3383+.0063 47443.216+.037 90 11 3.292+.013 48929.533+£.095
35 17 3.314£.012 47469.863+£.041 92 23 3.2901+.0065 49132.820£.059
36 18 3.34194.0061 47496.336+.033 93 14 3.310£.011 49142.582+.091
37 15 3.29844.0064 47647.1144.046 94 21 3.30224.0077 49175.587+.033
39 14 3.309+.020 47680.149+£.098 97 18 3.28544.0070 49201.849+.030
40 26 3.2864+.0075 47712.7694.044 99 20 3.29414.0069 49231.469+.045
41 28 3.3201+£.0039 47742.153£.031 100 18 3.3045+.0064 49237.980=£.086
42 22 3.3610+.0042 47771.943+.024 103 16 3.29844.0084 49261.22+.15
43 11 3.315+.018 47781.956+£.088 104 9 r 3.285+.032 49274.86+.14 49273.79+.13(193)
44 12 3.3236+.0056 47801.948+.051 105 9 3.141+.016 49314.966+.055 49313.73+.11(182)
45 13 3.3820+.0085 47805.005+.041 106 15 3.321£.011 49514.67+.11
46 15 3.35024.0085 47831.984+.027 107 20 3.295+.020 49518.16+.12
47 13 3.3914+.0068 47835.20+.11 108 21 3.352£.019 49547.762+£.086
48 11 3.353+.010 47855.391+£.087 109 17 3.3844.012 49574.224+.077
49 11 3.310+.017 48017.910+.084 110 14 3.3195+.0088 49598.678+.041 49600.643+.062(200)
50 11 3.342+.011 48017.6844.084 111 21 3.28294.0054 49881.116+.038
52 11 3.293£.011 48044.361+£.048 112 21 3.3094+.0081 49983.428+.060
53 11 3.271+.016 48051.099+.046  48049.58+.12(150) 113 16 3.338+.014 50013.86+.10 50012.95+.11(112)
54 20 3.344+.029 48050.83+.15 114 16 r 3.338%+.046 50040.21+.14 50041.77+.19(163)
55 27 3.3330+.0088 48084.002+.053
56 26 3.275£.011 48113.71 £ .13
57 9 3.390+.011 48144.391 + .041
58 9 3.2217+.0066 48145.367 £ .051
59 19 3.3044.021 48147.842 1+ .049
60 15 3.233+.011 48171.601 & .062
61 16 3.393+.028 48177.62 £ .14

secondary minima of eclipsing binaries (e.g. Jetsu ét al.|11994;, ; were analysed, assuming that the main region of activity
AR Lac). Such lagging or running aheadtgf,, ; with a con- crossesthe centre of the visible stellar disk at these epochs. Since
stant P would only be more prominent in V1794 Cyg, andhe ephemerides in Figl 8 relied on all available yeatly;..,,

could display phase shifts. Assuming yearly phase cohererloeth rejected and not rejectegli, ; were studied, which en-

this problem resembles that in Jetsu etlal. (1997), except thated adequate yeardy,i,, 1 data. We denote the yeary,, 1

the predictive periods are known (i.B,..q below). All ¢ 1
andtyin 2 from Table[3 were transformed into phases with thetioT1985 with an averag@bmin,1)obs £ 0¢,0bs =0.96 £0.11
ephemeris of Fid.]4, wherB, +op, = 3.2811+£0.0010. Only (Table[4). The period®; =3.3139+0.0015 (PHOT1985) and

averages witl{t). Our prediction begins from the SiX,;, 1 Of
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P, =3.279340.0018 (PHOT1986) determine a predictive periodformation could, however, be retrieved from the epochs of the
Porea£0p pred = (P1+P2)/2=23.2966+£0.0012. The(t) differ- primary and secondary minima time (tmin,1 andtmin 2) that
enceAt=312.99 betweerrrno11985 andPHoT1986 predicts are nearly independent of the seasoRafsee Jetsu ét 1993:

a phase shift ofA¢ = At(PO*l—P*1 )=0.44, whereUQM, = Fig. 8). Some outliers were removed fteres before normal-

pred
(At)2(02 Py + o2 ) de—4d)_ Hence thernoT1986 pre- izing the UBVRI magnitudes and modelling. If some of these
) ,pre re: N .
diCtion iS (dmin1)pred = (Gmin.1)obs + At(Py L — Pp;id) _ outliers do represent photometric flares, they are of short du-

ration, and temporally unconnected to the seasonal light curve
) .44=1.40, whereg? =02 2..Th rv .' ) ) . .
0.96+0 0, Whereog p.q =04,0. 05 The observed maxima. Earlier studies have indicated that photometric flares

éféné“’_lfz’g - 1515 for <ZHOT1>986|X'09 Ig; 'T’a%rlil(;céf:qr;e;rlgizlm evolved stars tend to occur close to the light curve maximum,
- min,1/pred — \Pmin,1/obs [— V.49

all predictions from 1985 to 1995. This unicig,, , path deter- butare rare everjts of short duration (e.g. Jetsuletall 1993, Henry
. A . : A & Newsom[1996).

mined by theRES < 0.5 minimization rule is outlined in Fig.]9. Significantctivity cyclesvere not detected in the meahj

The caseRES ~ 0.5 are uncertain, e.g. RES=0.46 could be g ycy

—0.54 or 1.46 (fronPHOT1987 topHOT1988). [FRES > 0.25 and the total amplitude4) of seasonal UBVRI light curves.

: Y Y .
represents unpredictability, Talilé 4 contains 7/11 such cas-rrJ'le previously reportedf (9.¥1) andA (2.78) cycles in Jetsu

Thus these yearly predictions fail. Yet, the yeafly.., curves (19904, 1990b) were not significant, the former cycle essentially

are continuous, the phase coherence for high amplitude ”éﬁPresented the time span of those earlier data. The difficulties

curves being excellent (Figl 8). Thg.., dispersion is largest cy<_:|e detgction in chromospherically active stars could be
in PHOT1991 when the brightness gfmv 1794 Cyg was nearF.Xplamed with a plausible solar—stellar analogy, i.e. by con-

consant (g€ an] 8. Furtermore, the obsered yegffST0° R0 1 e ot sl nher o one sl
®min,1 Changes are discontinuoasaly once fHoT1990 and - AP 9 yp €.p

PHOT19903). All other ¢ 1 discontinuities coincide with ob- dictable), the solar cycle has even faded for prolonged intervals,

. . like the Maunder Minimum.
servational gaps. Although these yeaslyi, 1 changes display ™" 0" oh oo magnitudeg,{,..,) utilize the combined
complex shapes witl#, = 3.2811, they retain continuity (e.g. information from all UBVRI magnitrlljlaes The seasotal
Fig.[d: “s”-shape duringroT11989). ) o1

The onlyobservedabrupt longitudinal activity shift occurs tmin,2 @Nd P were modelled frongnom, with the three stage
between SET=56 and 57 on September, 1990 (abatt). period analysis method (PaperTSPA). The complementary

) " . T a a
Hence the predicted pairs were fremoT1989 toPHOT199(x, ;nne;h;dnsﬁrlflneenél?ﬁgt fﬁ ;rlouifp\?ri(;cgzltcl:es ?S &%ged??; '('1'?2
from PHOT199(x to PHOT1991, and frompHOT199(3 to phot Y9 :

PHOT1991 (Tabléh and Figl8). Because the othgr, ; dis- (Papert: Sect. 6.3.). Bootstrap provided all model parameter es-

continuities within observational gaps can not be verified, timates, and their errors. All models violating reliable bootstrap

conclude thabnly one activity shift is observed in V 1794 Cygs(%‘atlstlcs were con5|stently dl.sca.rded, i.e. S|gn|f|c§1nt deviations
) o Wl : of any model parameter distribution from a gaussian. Three re-
Thus the identification of “new” starspots after observationa

gaps is not trivial with a constaiit, e.g. in the linear approach{cf((;rt:qofr:J :,?hlgf :ﬁ;:ugiid(::;e_ll_:‘gf‘g‘)’l’ fmin,2 ANAP estimates
by Henry et al.[(1995: their Figs. 4, 9, 15 and 20). Whether the . aly ' . .
Active longitudesvere searched for in the most reliable

fmin1 Changes in V1794 Cyg resemble the continuous O-C 1 andtmin 2 €pochs that are circular data when folded with

o o . tors

changes of.echpsmg bmanes, remains unsolved. The analyaé]r?lgqarbitraryjf’. The nonparametric methods from Paperde-
by Berdyugina & Tuominen (1998) reveals such contlnuouslope—Cteol no periodicities reaching a significance levels10.001
gitudinal migration in four RS CVn binaries. Such continuou P gasig '

longitudinal migration in chromospherically active stars Woulfg)r rejecting the "null hypothesis” that thgin 1 and dmin2
rlespresent a random sample drawn from a uniform phase distri-

mean that activity centres are not frequently disrupted. Tt})u'uon The critical levels for the best perioffsp = 3.92811
tmin,1 CONtinuity could be resolved with uninterrupted long= ’ | :
’ and Pk = 3.93175 wereQgsp = 0.0086 andQk = 0.0029 (Ta-

term photometry of an active star sufficiently closé to+90°, L . .
o . ble[2). The latter periodicity may represent an active longitude
say permanentl§0° above the horizon. An automated telescopge / .
h : . aving rotated with a constant angular velocity for about two
at higher latitudes could perform this task. .
decades (Fid.15).
If compared to the estimates in Hall & Bushy (1990), the

7.5% variations of the most reliable seasaRastimates would
The seasonal (SET) light curves of V 1794 Cyg were modell&@ply strongdifferential rotationin V 1794 Cyg (FigL6: closed
with a second order Fourier function (Eg. 1). TRe= Pyt squares). Alower 3.3% estimate was determined from the yearly
were determined separately for each subset to enable untribu-m (Fig.d). These regular yearli changes did not corre-
bled mode”ing of two phenomena undoubtec“y present late with those of\/, and were therefore not interpreted as the
V 1794 Cyg:differential rotationand longitudinal shifts of ac- “butterfly” diagram of V 1794 Cyg. As in the Sun, this absence
tivity centres, also referred to as longitudinal activity migratiofif correlation betweed/ and P might due to a phase shift of
that is connected to the conceptaitive longitudesOur re- several years, the sunspot maximum coinciding with main activ-
jection of the traditional constant period ephemeris approaigon mid-latitudes, while at the sunspot minimum the activity
eliminated unique phases for the whole data. Unigjugsein-

5. Conclusions
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Table 4. The predictedpmin,1 changes wittHJID i, = 2442000.0+3.2811E. The (t), P(t), (#min,1)obss At, Ppreds (Pmin,1)prea and RES
parameters are explained Sgct 4.3

PHOT1985
Pmin,1=0.89(SET=14)
Pmin,1=1.17(SET=19)

(t) = 1985.68
¢min,1=0.88(SET=15)

P(t) = 3.3139 + 0.0015
Grmin1=0.90(SET=16)

<¢min,1>obs =0.96 £0.11
¢min,1:0.95(SET:17)

¢min,1=0.94(SET=18)

PHOT1986 prediction: At = 312.9 Ppred = 3.2966 & 0.0012 (Gmin,1)prea = 1.40 4+ 0.12  RES =0.25
PHOT1986 (t) = 1986.54 P(t) = 3.2793 £ 0.0018 (Gmin,1)obs = 1.15 £0.08
Gmin1=1.22(SET=20)  ¢min1=1.13(SET=21)  ¢pmin,1=1.04(SET=22) Gmin,1=1.20(SET=23)

PHOT1987 prediction: At = 383.6 Pprea = 3.3046 £ 0.0013 (Pmin,1)preda = 1.98£0.10 RES =10.41
PHOT1987 (t) = 1987.59 P(t) = 3.3299 4 0.0018 (Gmin,1)obs = 1.57 £0.30
Gmin,1=1.29(SET=24)  ¢uin,1=1.33(SET=25)  ¢min,1=1.80(SET=27) Gmin,1=1.86(SET=29)

PHOT1988 prediction: At = 389.6 Ppred = 3.3289 & 0.0010 (Gmin,1)pred = 3.28 £ 0.30 RES = 0.46
PHOT1988 (t) = 1988.66 P(t) = 3.32791 £ 0.00090  {Pmin,1)obs = 3.74 £ 0.46

Gmin,1=3.18(SET=30)
Pmin,1=4.08(SET=35)
PHOT1989 prediction:

Gmin,1=3.00(SET=31)
¢min,1=4.15(SET=36)
At = 364.6

Pmin,1=3.77(SET=32)

Ppyrea = 3.32507 £ 0.00053

¢min,1=4.01(SET=33)

(Pmin,1)prea = 5.21 + 0.46

¢min,1=3.96(SET=34)

RES =0.05

PHOT1989

¢min,1=5.10(SET=37)
Pmin,1=5.20(SET=43)
Pmin,1=5.58(SET=48)
PHOT199( prediction:

(t) = 1989.66
¢min,1 =5. 17(SET:39)
¢1nin,1 =529(SET=44)

At =284.6

P(t) = 3.32222 + 0.00056
Grmin1=5.11(SET=40)
Grmin1=5.22(SET=45)

Pprea = 3.31846 £ 0.00089

<¢min,1>obs =5.25+0.17
¢min,1:5.07(SET=41)
®min,1=5.45(SET=46)

<¢min,1>pred =6.23£0.17

¢min, 1 :5. 15(SET=42)
(mein7 1 =543(SET:47)

RES =0.05

PHOT1990n

Pmin,1=6.04(SET=50)
Pmin,1=6.26(SET=55)
pHOT1991 prediction:

(t) = 1990.44
Gmin,1=6.11(SET=49)
Pmin,1=6.31(SET=56)
At = 406.1

P(t) = 3.3147 £ 0.0017
¢min,1=6.17(SET=52)

Pyrea = 3.2939 £ 0.0013

(Gmin,1)obs = 6.18 £ 0.09
¢min,1=6-15(SET:54)

<¢min,1>pred =6.66 £0.11

(ﬁmin7 1 =623(SET=53)

RES =0.31

PHOT199(

®min,1=5.66(SET=57)
Dmin,1=5.79(SET=62)
PHOT1991 prediction:

(t) = 1990.79
Gumin,1=5.96(SET=58)
Gumin,1=6.00(SET=63)
At = 276.4

P(t) = 3.3021 4 0.0022
¢ min,1=5.71(SET=59)
¢ min,1=5.93(SET=64)
Ppred = 3.2876 & 0.0015

{(dmin,1)obs = 5.81 £0.14
Gmin,1=5.96(SET=60)
Gmin,1=5.62(SET=65)
(dmin,1)pred = 5.98 £ 0.15

®min,1=5.79(SET=61)
¢min,1:5.71(SET=66)
RES = 0.38

PHOT1991

Pmin,1=6.33(SET=67)
®min,1=6.24(SET=71)
¢min,1=6.40(SET=78)
PHOT1992 prediction:

(t) = 1991.55
Gmin1=6.37(SET=68)
Gmin1=6.37(SET=73)
Gumin1=6.79(SET=79)
At = 395.5

P(t) = 3.2731 + 0.0020
Grmin,1=6.43(SET=69)
Gmin,1=6.38(SET=74)

Porea = 3.2775 £ 0.0010

<¢min,1>obs = 6.36 £ 0.16
¢min,1:6-26(SET:70)
(rain,1=6.34(SET=75)

<¢min,1>pred =6.23£0.16

Gmin,1=6.17(SET=72)
¢min,1=6.23(SET=76)

RES =0.26

PHOT1992

Gmin,1=5.89(SET=80)
Gmin,1=6.01(SET=88)
PHOT1993 prediction:

(t) = 1992.63
bumin,1=5.95(SET=82)
Gumin,1=5.97(SET=89)
At = 363.5

P(t) = 3.28189 + 0.00056
Gmin,1=5.96(SET=83)
Gmin1=5.95(SET=90)
Prred = 3.28797 4 0.00041

(Pmin,1)obs = 5.97 +0.04
¢min,1=6.01(SET=85)

(Pmin,1)prea = 6.20 £ 0.05

¢min,1=5.98(SET=87)

RES =0.17

PHOT1993
Pmin,1=5.91(SET=92)
Gmin,1=5.96(SET=100)
PHOT1994 prediction:

(t) = 1993.63
bmin,1=5.89(SET=93)
Gmin,1=6.04(SET=103)
At = 331.4

P(t) = 3.29405 + 0.00061
Grmin,1=5.95(SET=94)
Grmin,1=6.20(SET=104)
Pyrea = 3.3165 £ 0.0012

{Pmin,1)obs = 6.03 & 0.17
@min,1=5.95(SET=97)
Gmin,1=6.42(SET=105)
{Pmin,1)prea = 7.11 £ 0.18

¢trlir), 1 :598(SET=99)

RES = 0.36

PHOT1994
Pmin,1=7.29(SET=106)
PHOT1995 prediction:

(t) = 1994.53
Gumin,1=7.35(SET=107)
At = 429.0

P(t) = 3.3389 + 0.0023
¢min,1:7.38(SET:108)
Porea = 3.3250 £ 0.0012

(Gmin,1)obs = 7.47 +0.24
Gumin,1=7.44(SET=109)
<¢min,1>pred =9.20£0.25

(,Zsmin,l :7.89(SET=110)
RES = 0.06

PHOT1995
¢min,1=8.97(SET=111)

(t) = 1995.71
¢min,1 =9. 16(SET=112)

P(t) = 3.31117 £ 0.00084
¢n)in,1=9.43(SET:113)

<¢min,1>obs =9.26 £0.23
Gumin1=9.46(SET=114)
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shifts from solar equator (smallesY) to the highest latitudes Hall D.S., 1972, PASP 84, 323
(largestP). Hall D.S., 1987, Publ. Astr. Inst. Czechoslovakia 70, 77

Finally, the predictiveness of the yearly ephemeridé‘@” D.S., 1991, In: Tuominen I., Moss D. {Riger G. (eds.) The Sun
was tested by checking whether the..,: changes in and Cool Stars: activity, magnetism, dynamos. [.LA.U. Coll. 130,

V 1794 Cyg qualitatively resemble the continuous O—C modula- ”Springer—\t/)erlag, Heidelberg,bp. 353 4 Active Cl .
tions of eclipsing binaries (e.g. Jetsu efal. 1997). Such contifi{f!! D-S-, Busby M.R., 1990, In: Ibaigiu C. (ed.) Active Close Bina-

ity would indicate that the activity centres survive the disruptiVﬁ a rt":ﬁ:lhlrflrv\\;\?r, Ss;g;e;h\;\’/p'lgg ARAZA 25. 271

influence of differential rotation and/or latitudinal migrationHenry G.W., Newsom M.S., 1096, PASP 108, 242

But the yearly predictions failed (Talg 4). Neverthel@ssy penry G.w., Eaton J.A., Hamer J., Hall D.S., 1995, ApJS 97, 513

one abrupt.,;,,1 shift was observed on September 1980ile  Herbig G.H., 1958, ApJ 128, 259

the othergnin 1 discontinuities coinciding with observationalHoward R.F., 1994, In: Balasubramaniam K.S., Simon G.W. (eds.)

gaps could not be reliably established (Eig. 9). Solar Active Region Evolution: Comparing Models with Observa-
We encountered several manifestations of the solar—stellar—tions. PASPC 68, p. 1

connection in the long—term photometry of V 1794 Cyg, and otitienemoerder D.P., 1986, AJ 92, 673

time series analysis leaves an impression that unpredictabifi@jsu L., 1996, A&A 314, 153

is one of the foremost characteristics for magnetic activity f§tsu L PeltJ., 1996, A&AS 118, 587 (Papa)
this object. Jetsu L., Pelt J., 1999, A&AS, in press (Papger
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AcknowledgementsThe work was partly supported by the EC HuJ€tsu L., Huovelin J., Tuominen 1., etal., 1990b, AZAS 85, 813

man Capital and Mobility (Networks) project “Late type stars: activi€tsu L., Pelt J., Tuominen I., 1993, A&A 278, 449
ity, magnetism, turbulence” No. ERBCHRXCT940483. This researdftSu L. Pagano |., Moss D., et al., 1997, A&A 326, 698
has made use of the Simbad—database operated at CDS, StrasbgGigy L+ Tuominen I, Bopp B.W., et al., 1999, A&AS, in press (Pa-

France. per 11)
Kron G.E., 1947, PASP 59, 261

Kuiper N.H., 1960, Proc. Koningkl. Nederl. Akad. Van Wettenschap-
References pen, Series A 63, 38

Berdvucing S, Tuominen L. 1698. AGA 336, L25 Maunder E.W., 1890, MNRAS 50, 251
erayugina s.v., fuominent,, 19se, ’ Maunder E.W., 1894, Knowledge 17, 173

Bopp B.W., Rucinski S.M., 1981, In: Sugimoto D., Lamb D.Q.p,qqini L., Brocato E., Pallavicini R., 1990, A&A 234, 277
Schramm D.N. (eds.) Fundamental Problemsin the TheoryofStg *hachter J.F., Remillard R., Saar S.H., et al., 1996, ApJ 463, 747

lar Evolution. 1.A.U. Symp. 93, p. 177 Schwabe H., 1843, Astr. Nachr. 21, 233
Bopp B.W., Stencel R.E., 1981, ApJ 247, L131 Simon T., Fekel F.C., 1987, ApJ 316, 434

Bbhm—Vitense E., 1992, AJ 103, 608 Strassmeier K.G., Fekel F.C., Bopp B.W., Dempsey R.C., Henry G.W.,
Carrington R.C., 1858, MNRAS 19, 1 1990, A&AS 72, 191

Dempsey R.C., Bopp B.W., Henry G.W., Hall D.S., 1993, ApJS 86;anenoel J.W.H., De Beer C.F., 1990, ApJ 350, 754

E93 | orkowsk - Wallersiain o\Valter H-G-, Hering R., de Vegt Ch., 1990, ABAS 86, 357
Drake S.A., Walter F.M., Florkowski D.R., 1990, In: Wallerstein GWiIIson R.C., Hudson H.S.. 1991, Nat 351, 42

(ed.) Sixth Cambridge Workshop on Cool Stars, Stellar SyStenfséilik M., 1991, In: Tuominen I., Moss D., Rliger G. (eds.) The Sun

E anﬂ f:e ﬁu{rbpgsz;%’ F;_\ {]42827 907 and Cool Stars: activity, magnetism, dynamos. I.A.U. Coll. 130,
aton J.A., HallD.S., » AP ' Springer-Verlag, Heidelberg, p. 370

Fekel F.C., 1997, PASP 109, 514



	Introduction
	Light curve modelling 
	Original UBVRI magnitudes 
	Flares 
	Activity cycles: the $M$ and $A$ changes 

	Normalized magnitudes 
	Active longitudes: the $t_{@mathrm {min,1}}$ and $t_{@mathrm {min,2}}$ changes 
	Differential rotation: the $P$ changes 
	Migration 

	Conclusions

