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ABSTRACT. Penfold's UBV observations of the Nuclei of the
Seyfert galaxies NGC 1566, NGC 3227, NGC 3783, NGC 6814,
NGC 7469, Mk 50 and IC 4329A are examined to look for a
possible periodicity in the variation of the magnitudes

and colors. A method based on the fitting of sinusoidals
and the calculation of the multiple correlation coefficient
adequated to the analysis of observations unequally spaced
in time is used to analyse the data. Four of the seven
galaxies studied show a high probability of having

periodic component in the variation. Recent UBV observations
were used to test the components in two of them.

INTRODUCTION

Systematic UBV observations of the nuclei of Seyfert
galaxies were carried out by Lyutyi (1973, 1977, 1979),
Penston et al. (1974) and Penfold (1979).

The possible existence of periodic components in the
visual light variation of some Seyfert galaxies was
suggested by Lyutyi and Penfold. Lyutyi suggests the
existence of "slow" and "rapid" components superimposed
in the brightness variation.

An analysis using a period search technique has been
done for the optical variability of NGC 4151 by Belokon
et al. (1978) and Lyutyl and Okyanskii (1981). In the first
paper, photoelectrical observations covering the period
1970-1973 were analyzed and a 130 day period was found for
the "rapid" component. In the second a light curve covering
more than 20 years composed by photographic (1958-1976) and
photoelectrical (1967-1980) observations were analyzed. The
presence of a quasiperiodic component of 126 day was con-
firmed and a multicomponent structure was suggested to
explain the slow variation. A more extense set of photo-
graphic and photoelectrical observations of NGC 4151,
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cocvering several decades, was analyzed by Pacholczyk et al.
{1983) using a power spectrum procedure. Contrary to the
previous results, they concluded that there was no evidence
of periodicity in the light variations of this galaxy.

The controversy on this subject, as well as its impor-
tance for the formulation of nuclei models, induced us to
analyse the light curves of other Seyfert galaxies. In
this paper we present the analysis of Penfold's (1979) UBV
observations of the Seyfert galaxies NGC 1566, NGC 3227,
NGC 3783, NGC 6814, NGC 7469, IC 4329A and Mk 50 by means
of a method of periodicity analysis based on the fitting
of sinusoidals and the calculation of the multiple correla-
tion coefficient. Recent UBV observations were carried out
in order to test the estimated periods.

The Observations

From Penfold's observations in the period of 1974-1976, we
selected the galaxies reported as variables in the U. B. V
magnitude and U-B, B-V colors, in the 14.3" diaphragm.

From 1981 to 1983 we added U, B, V observations of NGC 6814
and NGC 7469 carried out with the 1.6 mt telescope, 14"
diaphragm, in the Laboratdério Nacional de Astrofisica (LNA).
The observed values are listed in table 1.

Table 1. LNA Observations with 14" Diaphragm

NGC Julian Date U B \ Uu-B B-V

6814 2445079 14,20 14.41 13.52 -0.24 0.89
2445207 14.43 14.52 13.65 -0.10 0.87
2445554 14.23 14.50 13.61 -0.27 0.89
2445591 14.29 14.58 13.65 -0.29 0.95

7469 2445206 12.85 13.54 13.10 -0.68 0.43
2445554 12.77 13.55 13.10 -0.78 0.44
2445591 12.98 13.62 13.55 -0.64 0.47

The Method and the Analysis Scheme

The method adopted for the search of periodicity, hereafter
called MCC, is based on the calculation of the multiple
correlation coefficient R, which is defined by

N
L. (9s - y)?
2 _ l—_-l 1
R*= =5 (1)
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;210 - y)
where N is the number of observations, y. is the observed

magnitude at an instant t. i Y is the mea% value of the
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observations and y. is the value of the fitted function at
the same instant t;. The best fitting corresponds to the
greatest value of "R?, Initially, the R? coefficient was
calculated for various frequencies corresponding to periods
from 10 to 10000 days, with a 0,0001 day™ step using a
sinusoidal plus a constant as fitting function. The plot of
R? versus frequency, hereafter called the spectrum, presents
spikes on those frequencies corresponding to periods asso-
ciated with any real periodic variation.

The uncertainty in the value of R? at any spike due to
the uncertainty in the data can be calculated by error prop-
agation:

2 4[R? - (R?*)?]
R: TN (y; - VT (2)

i=1 H
1 O'l

where o, is the uncertainty in each observation.

A “test can be made in order to check the probability
that given spike occurred by chance, doing the hypothesis
that the variations of the data are purely randomic (with
gaussian distribution). Under this hypothesis, the proba-
bility of obtaining R? greater than a certain value A is
given by

n/2[l . 1

1
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prob(R? > A) = (1-A)
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This expression is valid when m, the number of parameters

of the fitting function minus one, is even. The parameter n
is defined as

n=N-m~«-1,.

In order to search for other periodic components,
besides the one already selected, it is possible to filter
out the initial fitting function and repeat the analysis
process until the height of the salient spikes minus the
uncertainty approximates the level of the noise in the
spectrum,

A characteristic of the method is the appearance
of spurious spikes (aliases) in the spectrum due to the fact
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that the observations are regulated by the dark moon and
the solar annual periods. The two principal aliases related
to a real frequency v, are given by

1

v | vt ae |, (4)

where At is the approximately constant spacement between
successive observations. In order to distinguish between
spurius and real spikes, we subdivided the observations
into shorten time intervals, and repeated the calculation
of the spectrum.

Results

It is not found a single behavior for the variation of the
studied Seyfert nuclei. Whereas Mk 50 is clearly represented
by a one period light curve of 450 days (Figure 1) of high
probability (Figure 2) NGC 3227, NGC 7469, and IC 4329A

are fitted by the superposition of a slow and a fast compo-
nent. The light curve of the rest of the objects are not
clearly defined by periodic components, showing a more
chaotic light variation, as found for NGC 4151 by Pacholczyk
et al. (1983).
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Figure 1. Mk 50 fitting with period of 430 days, Julian
Date (2440000 + )
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Figure 2. Mk 50 spectra of frequencies. The most salient
spike is at v = 0.0023 (430 days).
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For NGC 7469 the Figures 3-a and 3-b show that
Penfold's and Penfold's+LNA data are fitted by the same
couple of periods and phase.When analyzed NGC 6814, the
observations of Penfold+LNA do not repeat the periods

found for the Penfold's one.

It is important to emphasize

that the same periods are found for the three colors. The
amplitude of the slow component decreases from U to V

color.
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Figure 3.a NGC 7469 fitting of Penfold's data with
periods 3000 and 128 days. Julian Date (2440000+ )
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Figure 3-b. NGC 7469 fitting of Penfold's+LNA data with
periods 3000 and 128 days. Julian Date (2440000+ )

A summary of the results is presented in table 2.
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Table 2. Parameters of the Fitting Function

Estimated Amplitude Fitting
Galaxy Period(s) (Mag) Function
(Day) AU AB R2 o
Mk 50 450 1.18 0.48 0.952 10,0024
NGC 3227 1000 0.81 - 0.970 0.0004
150 0.47 -
NGC 7469 3000 0.32 0.17 0.863 0.01
125 0.23 0.14
IC 4329A 10000 1.64 0.42 0.973 0.0001
. 500 0.27 0.19
Conclusion

The method of MCC for the analysis of periodicity shows
that the light curve of 7 Seyfert nuclei in the UBV colors
do not present a unique behavior. One of the galaxies Mk50
shows a well defined single period. Three of them can be
described by the superposition of a slow and rapid periodic
component. The remaining galaxies show a more chaotic light
variation.
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