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Abstract. New UBV photometry of the symbiotic nova V1329 Cyg taken in
1988-97 is presented. Long-term postoutburst UBV photoelectric, photographic
and visual observations from the AAVSO and AFOEV databases are discussed.
The periodogram analysis using the trigonometric polynomial fit with a linear
trend reveals the mean normal epoch of the minimum and the mean best fit
period as JD 2446771434 and 95635 + 096, respectively. The amplitude of the
brightness variations is significantly higher in the U-band (176) than in the B,V
and pg bands (1722). The largest slope of the mean brightness decrease is in
the U-band. The characteristics of the light-curves extremes in different bands
are tabulated. The phases of the U,B,V light-curves coincide within the error
estimates. A secondary period of 553¢ and a cycle of & 53009 are suggested.
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1. Introduction

V1329 Cyg (HBV 475) is a member of the small sub-group of symbiotic novae,
also including V1016 Cyg and HM Sge, in which TNR outburst leads to a
nebular spectrum (Miirset & Nussbaumer, 1994).

In order to illustrate the general photometric behaviour of V1329 Cyg, the
historical photographic light-curve (henceforth LC) is presented in Fig. 1. It was
compiled using the data published by Dumortier & Stram (1970), Kohoutek &
Bossen (1970), Richter (1972), Hicks (1973), Stienon et al. (1974), Witzigman et
al. (1978), lijima et al. (1981), Munari et al. (1988), Arkhipova & Mandel (1991),
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Skopal et al. (1992), Hric et al. (1994). In the years 1891-1964 the pg brightness
of the object fluctuated around 15™, with occasional 25 deep decreases, which
repeated with a period of 950 - 959 days (Stienon et al., 1974; Grygar et al., 1979;
Munari et al., 1988). They were explained as the eclipses of a hot component by
a red giant. The nova-like outburst of the object started in 1964. The brightness
maximum of 11™5 was reached in October 1966. The brightness decline has
been accompanied by wave-like variations with the periodicity found in the pre-
outbust data. Schild & Schmid (1997) found the ephemerides, valid for the pre-
outburst and post-outburst data as JD,;, = 2 427 687(£20) + 958.0(+1.8)xE
and JDy,;, = 2 444 866(£25) + 955(£15) X E, respectively. They adopted the
ephemeris JD,,;,, = 2 444 890 + 956.5x E valid for both sets of data.
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Figure 1. The historical photographic LC compiled from published data.
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The aim of our paper is to present a new set of U,B,V observations taken
in the years 1988-1997 and to perform the period analysis of the post-outburst
UBYV photoelectric and photographic observations as well as visual estimates of
V1329 Cyg from AFOEV and AAVSO databases.

2. New observations and data-sets used for the analysis

New photoelectric UBV observations of V1329 Cyg were obtained at the Crimean
Station of the Sternberg Astronomical Institute in 1988-1997. A single-channel,
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Figure 2. The UBV LCs (points) and their approximations by a trigonometric poly-
nomial of order s = 2 including a linearly decreasing trend (thin curve) calculated for
the data after JD 24420000. The thick curve shows the running parabola (RP) fit with
At = 400¢ for all data. The declining straight lines show the linear fits using all data.

pulse-counting, photoelectric photometer installed in the Cassegrain focus of the
0.6 m reflector was used. The star BD +35° 4300 (V=9.71, B=9.91, U=10.13)
served as the comparison star. Data reduction and atmospheric extinction cor-
rections were carried out in the usual way. As this instrumental system is nearly
in agreement with the standard UBV system, the transformation to this system
is not necessary (Arkhipova, 1977). Our photoelectric observations taken on 148
nights between Aug. 7, 1988 and Oct. 8, 1997 are in Tab. 6. The U,B,V mag-
nitudes are normal points - mean night averages of the individual observations
taken 2-3 times during the night. The mean error of one normal point is 0™01
in B and V and 0™02 in U.

U,B,V LCs of V1329 Cyg compiled from our data as well as data published
by Kohoutek & Bossen (1970), Bossen (1972), Arkhipova & Mandel (1973),
Arkhipova (1977), Gravina (1985), Taranova & Yudin (1986), Arkhipova & Ikon-
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Figure 3. The pg and visual LCs (points) and their approximations by a trigonometric

polynomial of order s = 2 and a linearly decreasing trend (thin curve) calculated for
the data after JD 2442000 (vertical dashed line). The thick curve shows the running
parabola (RP) fit with At = 400%. The declining straight lines show the linear fits.

nikova (1989), Dapergolas et al. (1991) are shown in Fig. 2.

Visual data consisted of 3173 and 2323 observations from the AAVSO and
AFOEV (Schweitzer, 1997) databases, respectively. A significant part of the
data overlapped, being published in both databases. After removing the ” dupli-
cates”, "unsure” (:) and ”fainter than” (<) data, a total of 4024 original visual
(vis) estimates remained. As shown in Fig. 3, the photographic and visual LCs
of V1329 Cyg are characterized by a rapid decline with some superimposed out-
bursts before JD 2442000. After this date, the mean slope decreased and the LCs
started to exhibit wave-like periodic variations. The number of ” post-outburst”
points after this date is n = 3754.

Long-term, post-outburst U,B,V photoelectric, photographic and visual light
curves were analyzed in detail. The characteristics of the runs: the times of
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the first and last observations (in JD-2400000), the number of observations,
the range, the sample mean, and the standard deviation from the mean, are
summarized in Table 1.

Table 1. The characteristics of the data sets in different runs

band t1 tn n range (m) 0o
U 40467 50730 345 1172-14"3 12786 (0767
B 40467 50730 350 12™1-14m8 13™72 (0750
A% 40467 50730 351 1177-14T2 13716 (0147
Pg 12994 49184 943 11M3-178 13™82 1700
vis 40823 50722 4024 1176-14™4 1328 (™44

3. Periodogram analysis with trend

Due to the fact that a slow trend is superimposed on the cyclic luminosity vari-
ations, the problem of the period search becomes more complicated. Assuming
a polynomial shape of the trend of order n,, one may write an expression

s q
miE+71)=a, + Z(sz sin(2w fkT) + asgy1 cos(2w fkT)) + Z azsi14k7F. (1)
k=1 k=1

Here we introduce the variable 7 = ¢ — ¢ (¢ is the mean of the times of ob-
servations) to decrease the degeneracy of the matrix of normal equations (cf.
Andronov, 1994). For the fixed frequency f and the degrees s and ¢ of the
trigonometric and ordinary polynomial, respectively, the parameters ay, k =
1,...1 + 2s + ¢ may be obtained by the least squares method. This is a statisti-
cally justified method because all these parameters are determined from a joint
system of normal equations.

Another approach is to determine the parameters of the trend and then to
search for periodicity in the O — C residuals from the trend. Such a process is
similar to ”prewhitening” (Wehlau and Leung, 1964). As an example, we have
computed the results of the fits for all photoelectric B observations. The linear
trend may be written as

mp = 1371 + 88x10 ° (¢t — 46280). (2)
+2 48

The sine approximations for the original observations ”0” and their residuals
"0 — C” from a linear fit (2) correspond to the period P = 96048 &+ 146 ”0”
(95597 £ 099 70 — C”), mean a; = 13%76 + 001 (0™02 £ 0™01), semiamplitude
r = (™62 + 002 (0™57 £ 0™01) and the normal epoch for minimum JD,,i, =
2446767 + 5 (2446777 £ 2). The parameters of the complete fit (1) coincide with
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that of the prewhitened solution within their error estimates: P = 95634 + 246,
r = 0"59+0"01, JD,,;, = 2446777+3, a7 = 13775+ 0™01. This occurs because
= 10 cycles are covered by the data and thus the phases of the observations are
distributed relatively homogeneously. However, the linear trend term ass42 =
(77 + 3) 107% mag/day in a complete fit differs from the simple linear slope by
14%, and for other data up to ~ 40%.

One may note that the moment of minimum for a sinusoidal wave is shifted
compared to a minimum of the ”sine+line” function. This shift for V1329 Cyg
is ATy,in = 195 and is smaller than the statistical error estimates. These errors
are much larger for the sine fit of the original data, as the trend disturbs the
phase curve.

The residuals of the original data from a best sine fit show a well pronounced
trend. However, its value (724 3) 10~¢ mag/day differs from the fit (2) by 22%.
Thus one has to use a complete set of 1 + 2s + ¢ equations instead of two sets
of equations with 1 + ¢ and 1 4+ 2s unknowns. This example shows a bias of
the results owed to incomplete models and thus it may be recommended to use
high-order models instead of step-by-step ” prewhitening”.

The best trigonometric polynomial fit with a linear trend was computed for
the U,B,V, vis, pg and pg+B data. The trend is close to the linear one not for
the complete data set, but for the ”post-outburst” data after the stage of rapid
decrease of brightness, i.e. after JD 2442000. The parameters of the fits for such
restricted data are listed in Table 2. Here the degree of the polynomial trend was
set to ¢ = 1. The degree of the trigonometric polynomial s (different for each
data set) was determined by using the Fischer’s criterion with a ”false alarm”
probability P. < 10~*. This is the probability that the (s — 1) -th harmonic of
a given amplitude may be obtained, suggesting the signal is a white noise. The
value of P, may be determined by using the equation P, (s) = (1 — Vg)", where
n=(n—3-2s5—q)/2, Vg = 1-%[s]/Z[s—1] and X[s] is the sum of squares of the
residuals from the trigonometric polynomial of order s with the ¢-th order trend.
This expression generalizes that of Andronov (1994) for non—zero values of ¢. For
a fixed s, the periodogram may be computed as S(f) = 02 /0%, where 0% and
o2, are variances of the original data and the smoothed values at the arguments
of observations, respectively. The term assy2, measured in magnitudes per day,
corresponds to a linear trend. The normal epochs T},42, Tmin are expressed in
JD-2400000. The pg system is close to the B system, thus it is natural to join
the "pg+B” data to obtain the longest possible data-set. However, there is a
systematic shift (pg — B) = 0™10, which was taken into account to reduce the
B data to the pg system. This shift was determined by comparing the original
pg data with a smoothed value of the B LC at corresponding times and vice
versa. The smoothing function was obtained by using a ”running parabola” fit
with an optimal value of the filter half-width At = 4009 (see Section 4 for a
description).

The periodograms for the B data after JD 2442000 are shown in Fig. 4. Run 1
was obtained by removing the linear trend. The highest peak at the periodogram
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Table 2. Characteristics of the trigonometric polynomial fit with a linear trend for
the observations after JD 2442000

U B \% vis pg pg+B
n 314 319 320 3754 392 711
t 46785 46779 46766 47726 45230 45925
ax 12.95 13.79 13.21 13.34 13.82 13.76
+ 0.01 0.01 0.01 0.01 0.01 0.01
S 2 3 3 3 2 2
108a2442 100 68 70 42 64 108
+ 4 3 3 2 5 7
P 953.9 956.0 957.8 956.3 958.9 958.2
+ 3.9 2.5 2.4 1.9 4.8 6.4
Tz 46300.0 46304.3 46298.3 46315.0 46362.2 46328.8
3.9 6.2 5.8 3.2 5.7 5.2
Trin 46778.9 46771.7 46768.0 467789 46762.1 46755.5
+ 10.5 4.5 3.3 4.9 5.8 4.5
M-m 0.498 0.511 0.510 0.515 0.540 0.555
+ 0.014 0.006 0.006 0.005 0.011 0.009
Am 1.598 1.234 1.211 1.007 1.260 1.269
+ 0.022 0.018 0.017 0.013 0.019 0.016
0o-C 0.170 0.107 0.105 0.275 0.151 0.134

corresponds to P = 95547 & 190, the value close to that listed in Table 2. Run
2 was computed as the difference between run 1 and the sine fit (s = 1, ¢ = 0),
i.e. consequently prewhitened to a linear trend and a 9569 wave. Run 3 was
computed as the difference between run 1 and the trigonometric polynomial fit
with a statistically significant order s = 3. The periodograms of runs 2 and 3
show two prominent peaks at 53009 & 1609 (S(f) = 0.22 and 0.26, respectively)
and 5544424 (S(f) = 0.26 and 0.26, respectively). The secondary peak is shifted
from 581¢ for run 1 to 5559 and 5539 for runs 2 and 3, respectively. One may
note the significant difference between the values obtained for different runs at
the same wavelength that justifies the usage of complete system of the equations
(1) instead of step—by—step ”prewhitening”. The ephemeris for the maximum of
the 5534 wave is

JD s = 2446711 + 55391 x E, (3)
+9  +1d99

The corresponding phase diagram is shown on Fig. 5. The O-C deviations
prewhitened to a linear trend, trigonometric polynomial and a best sine fit with
55341 period are depicted on Fig. 6. The 53009 wave is clearly visible. Similar
results may be seen in the periodograms for other bands. The mean values and
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Figure 4. The periodograms S(f) for the residuals from the linear ”s =0, ¢ = 1” fit
(1), from the data prewhitened consecutively in respect to the linear trend and best
harmonic (s = 1) fit (2) and to the best trigonometric polynomial (s = 3) fit with a
linear trend (3). The periodograms are shifted with a step of 0.3. The photoelectric B
observations after JD 2442000 are used.

standard errors in both figures were computed by sampling the data in intervals
of equal length.

The semi-amplitude of 5549 wave in U,B and V is equal to 02075 £ 02007,
0™077 £ 0™007 and 0™069 + 0™007, respectively. Corresponding values of S(f)
and L, are 0.100, 0.264, 0.234 and 4.9, 18.8, 16.0, respectively. The ”false alarm”
probability is equal to 10~ 7» (cf. Andronov, 1994). Thus one may conclude that
the effective amplitude of such a secondary wave is nearly the same in all bands,
but its contribution to U is much smaller than in other bands. The variability is
most probably attributed to the hot component, because J,H,K,L. photometry
do not exhibit clear variational patterns (Nussbaumer & Vogel, 1991). The 554¢
and 53009 waves could be explained by systematic changes in both geometry
and location of the HII region, which is the main source of the optical continuum
as proposed by Skopal (1998).
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Figure 5. The phase diagram for B run 3 according to the ephemeris:
JDmas = 2446711 + 553.1 x E.
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Figure 6. The O—C deviations of the post-outburst B data consequently prewhitened
to a linear trend and a trigonometric polynomial and to a best sine fit with 55391
period.
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4. The running parabolae fit and characteristics of individ-
ual cycles

As the individual cycles of variability may change their shape, we have used
the method of running parabolae introduced by Andronov (1990) and recently
extended to arbitrary basic and weight functions by Andronov (1997). For the
fixed set of these functions, the only free parameter is the filter half-width At
which must be determined by computing the effective parameters of the fit for
a grid of At. We have computed the error estimates o of the accuracy of one
observation, (o4 (= Ro) in the notation of Andronov (1997)) and the signal to
noise ratio S/N, which is equal to o¢/o4. Here o¢ is the r.m.s. deviations of
the smoothed values from the mean.

Besides these parameters, Fig. 7 shows the dependencies of o2, 05 = Ros
(other estimates of o1 and o4, see Andronov (1997) for details), R and o3 =
oo_c on At. One may note that the maximum of S/N occurs at At = 4009,
just where o4 reaches its minimum (neglecting differences of a few percent which
are not very important for the fit). This value of At is slightly smaller than
that 0.545P = 5219 expected for the harmonic signal with uncorrelated noise
(Andronov, 1997). This is usual for signals with significant contributions of the
harmonics of the main wave (s > 1) or for the signals with variable shape.

The two estimates o1 and oy are very close to each other, justifying their
good accuracy. The biased error estimate o3 is much smaller than ¢; and o2 for
small At, because of a smaller effective number of observations n. used for the
local fit than for the larger At. The parameter R monotonously decreases with
At as n. increases. All the parameters become asymptotically constant at At
exceeding the length of the interval of observations.

The corresponding dependencies for other bands show similar shapes and
the values of At corresponding to the maximal S/N differ from the adopted
value by a few percent, thus there is no need to use different values of At for
different data. The main characteristics for At = 4009 are listed in Table 3.

Table 3. Error estimates of the data o1, the fit o4 and the S/N ratio for different
data sets

U B v g vis AAVSO AFOEV
o1 0"138 07078 07085 07189 07242 07234 07224
or  Om046 0™026 0m028 (™039 (™023 0™025  O™027
S/N 140 191 163 148 158 149 14.5

Here we also include the sets from the AAVSO and AFOEV databases sep-
arately. As expected, the difference between the values of o1 is not very large
(only 5%). The difference of o4 owes to the difference of n.. However, it is
strange that the ”vis” data set, which is the unoverlapped sum of the AAVSO
and AFOEV databases, corresponds to a larger value of o;. As an explanation,
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Figure 7. The dependence of the characteristics of the running parabola (RP) fit for
the photoelectric B observations on At. The vertical line corresponds to the position
of the local maximum at the S/N curve: At = 400. The lines correspond to: 1 (1),
2 (62), 3 (63 =00-¢), 4 (R), 5 (04 = Ro1), 6 (05 = Ro2), 7 (S/N = o¢/04).

one may suggest the differences between the sequences of the comparison stars.
However, this value is 10% smaller than for other stars, thus the data is of
relatively low scatter.

The photographic data shows a larger value of o4 than that of the photoelec-
tric observations because of their lower accuracy. However, the scatter is smaller
than in the visual data because of the better homogeneity of the material used.

The characteristics of the extremes, determined by the method of running
parabolae with the adopted filter half-width At = 4009 are listed in Tables 4
and 5. To compute the phases, we have used the ephemeris

JDpin = 2446771 + 95635 x E. (4)
+3  +0%6

The normal epoch of minimum and the period were computed as mean values
from the values listed in Table 2 for U, B, V, vis and pg with weights proportional
to inverse squares of the corresponding statistical errors, as usually assumed for
the weighted mean (cf. Whittaker & Robinson 1926).

One may note in Figs. 2 and 3 the large deviations of the LC from the
trigonometric polynomial trend before JD 2442000, where the fast decline and
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Table 4. The U,B,V,pg extremes: time T. (-2400000), phase ¢. and magnitude m,

T. ¢e Me T. ¢e Me

U Max U Min
40563 +21  0.509+0.022 11.344+0.05 41276428 0.255+0.029 12.964+0.05
41562 £4 0.554+0.004 11.484+0.19 41974+ 8  -0.01540.008 13.2140.05
42467 £ 4  0.500+0.004 11.734+0.03 42996+17 0.053+0.018  13.0240.06
43452 £+ 4  0.530+0.005 11.754+0.04 43815+ 7 -0.091+0.008 13.20+0.04
44422 £5 0.544+0.005 11.9540.04 44865%+15 0.008+0.016  13.52+0.08
45326 +£18 0.490+0.018 12.3540.11 45871+13 0.059+0.014  13.8240.04
46286 +11 0.493+0.011 12.134+0.03 46808+22 0.038+0.023  13.59+0.05
47233 £ 6 0.483+0.007 12.084+0.056 47680+25 -0.05040.026 13.7440.06
48227 £ 2  0.522+0.002 12.264+0.03 48641+10 -0.04540.011 13.8040.05
49176 +£12  0.514+0.012 12.394+0.03 49638+18 -0.003+0.019 13.86+0.02
50098 +4 0.478+0.004 12.41+0.03 50604+ 7 0.008+0.007 14.22+0.05

B Max B Min
40539 +61 0.485+0.064 12.354+0.06 4130626 0.287+0.028 13.61+0.07
41564 £ 6  0.557+0.007 12.8240.13 41931+10 -0.06040.011  14.2540.03
42462 £ 5 0.495+0.005 12.9940.02 42936+36 -0.0104+0.038  14.0240.05
43450 £ 3  0.52840.003 12.90+0.02 43808+22 -0.098+0.023 14.124+0.05
44416 £ 2  0.537+0.002 13.054+0.03 44837+ 4  -0.02240.004 14.2640.03
45269 +£31  0.430+0.033 13.42+0.02 45814+ 5 -0.000+0.005 14.57+0.04
46282 +£12  0.489+0.013 13.27+0.02 46771+ 9  -0.000+£0.009 14.32+0.03
47234 £5 0.484+0.005 13.164+0.02 47697+12 -0.03240.012 14.384+0.03
48233 + 2  0.52840.002 13.384+0.01 48652+11 -0.033+0.012 14.15+0.02
49172 +£11  0.510+0.011  13.434+0.02 49670+ 2 0.031+0.002  14.58+0.04
50080 £ 8 0.459+0.008 13.51+0.03 50620+ 6 0.024+0.006 14.7040.03

V Max V Min
40517 £74  0.462+0.077 12.00+0.04 41065+31 0.034+0.033 13.16+0.10
41554 +14  0.546+0.015 12.37+0.26 41910+19 -0.082+0.020 13.55+0.04
42458 £ 5  0.491+0.006 12.464+0.02 42919431 -0.027+0.033 13.47+0.05
43442 + 3  0.51940.003 12.4440.02 43783+ 9 -0.124+0.009 13.51+0.04
44435 £ 9 0.558+0.010 12.5640.02 44829+ 8  -0.03040.009 13.8040.06
45252 £ 6  0.41240.006 12.86+0.02 45806+ 3 -0.009+0.003 13.92+0.02
46266 +14 0.47240.015 12.724+0.02 46772+11 0.001+0.012  13.75+0.04
47232 £ 5 0.482+0.006 12.584+0.03 47719+12 -0.00940.013 13.8340.03
48219 +£68 0.514+40.071 12.9440.01 48682+ 8 -0.002+0.009 13.47+0.03
49157 £12  0.4944+0.013 12.9240.02 49669+ 2 0.030+£0.002  14.0540.05
50050 +12 0.428+0.012 13.03+0.03 pg Min

pg Max 40019+ 6 -0.059+0.006 13.16+0.19
39323+ 4  0.2134+0.004 11.83+0.06 41138+44 0.111+0.046  13.3710.06
40334+13  0.270+0.013  12.0540.13 41887+86 -0.106%0.089  14.00%0.07
41466+11  0.45440.011 12.624+0.07 42950148 0.006+0.050 14.18+0.14
43423+ 8 0.499+0.008 13.054+0.02 43874+ 4 -0.028+0.004 14.32+0.04
44414+ 6 0.536+0.007 13.154+0.02 44879+ 8 0.022+0.008 14.4440.02
45323+ 8  0.486+0.008 13.34+0.04 45822414 0.008+0.015  14.46+0.05
46312+10  0.52040.010 13.26+0.09 46770+ 8 -0.001+0.009 14.45+0.04
47265+12  0.517+0.012 13.31+0.04 47733+32 0.006+£0.034  14.4740.05
48229+ 9 0.525+0.010 13.414+0.04 48722419 0.039+0.020 14.54+0.08
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Table 5. The extremes based on the visual data: time 7, (-2400000), phase ¢. and
magnitude me

Te ¢e Me Te ¢e Me
vis Max vis Min

41533+18 0.524+0.019 12.894+0.03 41288+ 8 0.268+0.009 13.27+0.04
42442417 0.474+0.017 12.98+0.05 41948+10 -0.042+0.011 13.62+0.02
43518+ 5 0.599+0.005 12.64+0.04 42948+16 0.003+0.017 13.43+0.04
44528+47 0.655+0.049 13.08+0.07 44071+41 0.177+£0.043  13.484+0.03
45469+ 8  0.639+0.009 12.994+0.03 44878+15 0.021£0.016  13.45+0.03
46210+ 5 0.414+0.005 12.53+0.03 45814+10 -0.000+0.010 13.6740.03
47275+ 5  0.52740.005 12.65+0.03 46811+ 6 0.0424+0.006 13.714+0.02
48182+ 7  0.475+0.007 12.824+0.02 47719+ 6 -0.009+0.007 13.7940.02
49191+ 9  0.5304+0.009 12.81+0.02 48681+11 -0.0034+0.011 13.68+0.02
50112+ 6  0.493+0.006 13.2740.02 49679+ 3 0.040£0.004  13.9340.01

50590+ 5 -0.007£0.005 13.92+0.01

frequent outbursts were replaced by a relatively smooth curve with much smaller
trend. Also, there are large distortions of the smoothing curve during the gaps
causing apparent shifts of the extremes, e.g. near JD 2441300. The U and B
LCs are highly distorted; the more dense photographic data shows an outburst
that also shifts the LC.

However, the visual observations show much larger deviations from the peri-
odic fit causing apparent huge changes to the shape of the light curve. One may
note large apparent visual brightenings near JD 2446259 and 47368, despite the
fact that photographic and photoelectric data show no evidence for them. This
may be a result of the inhomogeneity of the observations and thus their larger
scatter.

To look for possible phase shifts between the LCs in U,B,V bands we have
chosen the extremes (either maxima or minima) determined in all three bands,
neglecting those seen in one or two bands, only. The accuracy estimates of single
data o were used for the weights w = 0=2 (e.g. Whittaker & Robinson, 1926).
The mean weights of the timings of the extremes correspond to o; = 1097, 591
and 493 for the U,B and V data, respectively. The weight of each difference was
set to w = wyws/(wy + ws), because the variance of the difference between two
uncorrelated variables is equal to the sum of the variances of these variables:
02 = 02 + 02 (e.g. Whittaker & Robinson, 1926). Here the indices 1 and 2
correspond to two colours in a pair. The mean differences between the times of
extremes in different colours are (ty —tg) = 2594119, (tyy —ty) = 309 +£164 and
(tg —ty) = 129 £ 59, A maximum near JD 2441280 was not taken into account
as it was poorly defined. Thus one may conclude that all differences between
the times of minima in different colours are equal to zero within corresponding
error estimates.
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Table 6. Photoelectric UBV observations of V1329 Cyg obtained at the Crimean
station of the Sternberg Astronomical Institute.

JD-2400000 U B A\ JD-2400000 U B A\
47381 12.34  13.43 12.89 48119 12.30 13.46 1297
47384 12.33 13.41 12.86 48121 12.36 1347 12.99
47387 12.36  13.44 12.94 48124 12.35 13.48 13.02
47389 1234 13.46 12.90 48127 12.31 1347 13.05
47392 12.40 13.48 12.96 48128 12.30 1345 13.02
47434 12.60 13.56 12.97 48129 12.28 13.45 13.00
47436 12,51 13.57 12.99 48131 12.29 1348 12.99
47446 12,59 13.56 12.96 48133 12.29 13.46 13.00
47447 12,58 13.54 12.95 48134 12.33 1344 12,99
47448 12.61 13.60 13.03 48176 12.38 1341 12091
47449 12.72  13.63 13.00 48188 12.43 13.43 1293
47588 13.49 14.28 13.64 48193 12.36 13.37 12.92
47594 13.74 14.08 13.51 48218 12.33 1340 12.92
47598 - 14.15 13.53 48340 12.39 13.38 12.95
47599 13.18 14.20 13.50 48341 12.35 1346 13.12
47644 13.83 14.31 13.76 48387 12.62 13.50 13.01
47656 13.81 14.43 13.85 48390 12.67 13.50 12.97
47657 13.69 14.37 13.81 48400 12.77 13.61 13.04
47765 - 14.30 13.76 48446 13.13 13.86 13.21
47766 13.65 14.36 13.87 48448 13.20 13.83 13.22

47768 13.33 14.35 13.82 48450 13.20 13.86 13.23
47776 13.56 14.36 13.74 48451 13.23 13.80 13.19

47777 13.46 14.28 13.82 48452 13.26 13.87 13.22
47821 13.53 14.25 13.75 48456 13.29 13.88 13.24
47823 13.46 14.17 13.66 48459 13.32 13.84 13.26
47824 13.48 14.17 13.70 48473 13.35 13.85 13.24
47825 13.48 14.17 13.66 48474 13.35 13.90 13.25
47826 13.49 14.15 13.66 48476 13.33 1391 13.25
47829 13.45 14.13 13.65 48478 13.34 13.83 13.23
47830 13.50 14.12 13.64 48483 13.51 1391 13.29
47835 13.44 14.15 13.62 48532 13.49 14.01 13.37
47836 13.50 14.18 13.66 48539 13.51 14.04 13.43
47838 13.51 14.15 13.63 48809 13.57 14.08 13.45
48027 12.74 13.67 13.04 48827 13.49 14.00 13.34
48028 12.76  13.64 13.06 48834 13.54 14.01 13.32

48030 12.76  13.66 13.08 48840 13.71 14.01 13.37
48032 12.75 13.67 13.13 48842 13.39 1391 13.28

48034 12.74 13.64 13.10 48892 13.54 13.96 13.40
48035 12,71  13.62 13.07 48930 13.31 13.80 13.18
48092 12.49 13.49 12.99 48931 13.33 13.94 13.19
48095 12,50 13.55 12.99 49075 12,52 13.55 13.02
48100 1246 13.52 13.00 49134 12.34 13.38 12.87
48103 12.45 13.53 13.06 49178 12.35 1344 1294
48105 12.40 13.48 12.99 49194 12.39 13.44 12,94

48118 12.28 13.45 1297 49200 12.39 1342 12.96
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Table 6 (continued)

5.

1.

2.

JD-2400000 U B Vv JD-2400000 U B Vv
49215 1240 13.41 12.87 49920 13.05 13.86 13.21
49223 12.37 1344 12.92 49925 12.99 13.84 13.22
49270 1249 13.50 13.03 49931 13.00 13.86 13.23
49273 12,52 13.44 12.99 49945 12.92 13.86 13.23
49274 1249 13.51 13.03 49950 12.87 13.77 13.22
49287 12.66 13.63 13.07 49959 12.87 13.79 13.24
49490 13.70 14.15 13.56 50006 12.51 13.56 13.04
49491 13.75 14.19 13.61 50009 12.55 13.54 13.00
49517 13.72 14.25 13.65 50010 12.49 1354 13.01
49520 13.69 14.29 13.69 50014 12.48 13.50 13.02
49534 13.74 14.34 13.68 50023 12.51 1344 12.93
49536 13.63 14.24 13.67 50211 12.72  13.79 13.16
49538 13.70 14.32 13.75 50220 12.67 13.66 13.13
49539 13.81 14.34 13.77 50253 12.89 13.82 13.35
49542 13.74 14.31 13.78 50255 12.80 13.85 13.55
49549 13.74 1441 13.87 50256 12.82 13.83 13.28
49567 13.90 14.59 14.02 50260 12.84 13.85 13.36
49570 13.88 14.57 14.02 50361 13.45 14.17 13.44
49578 13.81 14.53 13.94 50364 13.59 14.22 13.43
49582 - 1451  13.97 50371 13.55 14.22 13.53
49596 13.84 14.60 14.16 50372 13.54 14.21 13.49
49601 13.81 14.60 14.12 50631 14.27 14.69 14.10
49609 13.84 14.52 14.02 50635 14.27 14.78 13.96
49886 13.34  14.00 13.36 50641 14.06 14.64 13.95
49891 13.29 13.98 13.39 50667 14.02 14.66 14.01
49892 13.29 13.94 13.34 50669 13.98 14.56 14.02
49896 13.28 14.00 13.36 50721 13.79 1447 14.01
49901 13.21 13.92 13.30 50726 13.81 14.50 14.13
49902 13.25 13.92 13.30 50730 13.77 1448 14.11

Conclusions

The ephemeris JD,,;, = 2 446 771(£3) + 95695(+£096) x E valid for post-
outburst data.

The LCs in B and V are very similar with (B — V) = 0™564 &+ 0™005 and a
standard deviation from the mean of og_y = 07091.

. The variations in U have a larger amplitude (1™60) and slope of the mean

brightness (10~* mag/day) than in B,V (122 and 7 10 ° mag/day, respec-
tively).

. The phase shifts of the minima in the U,B,V bands are within their error

estimates.

. The secondary wave with a period 553¢ and a semi-amplitude 0077 + 02007

(B) may be present.
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6. Long—term variations of the brightness with a cycle length ~ 53009 and a
semiamplitude 0™084 + 0™008 (B) is suggested.
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