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Abstract. — New complete BV light curves of BL Eri are presented. Light-curve variability and asymmetry are seen
in both B and V bands, and the observed times of light minimum indicate period changes. The light curves have been
analyzed by using the light-curve-synthesis method. Our photometric solution reveals that BL Eri is a contact binary
with a common convective envelope. An examination of the available photometric and spectroscopic data indicates
that the light-curve variability may be due to changes of the component radii and the light-curve asymmetry may be
consistent with starspot activity on one or both components.
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1. Introduction
Theoretical studies of contact binaries have shown that
the evolution of these systems is guided by their stability
properties and the presence of dynamic phenomena. Orbital period changes and light-curve variations in contact
binaries are observable effects on their stability properties.
Therefore, our observational programme includes several
binaries, which belong to the dynamically unstable systems in the M1 −M2 diagram. The first programme object
is BL Eri.
The first photoelectric photometric observations of BL
Eri were obtained in December 1980 and January 1981 by
Kern & Bookmyer (1986), who proposed a new ephemeris
from their photoelectric observations. Yamasaki et al.
(1988) presented for the first time and analyzed photoelectric light curves and radial-velocity curves of BL Eri.
According to Yamasaki et al. (1988), BL Eri is an almost contact system with both components being noncontact but nearly filling their respective critical Roche
lobes. Both components are undermassive for their radii
and luminosities, indicating a post-main-sequence evolutionary state of the system.
In this study, we present new BV photoelectric light
curves, analyze the observational data, and discuss the
system dynamical unstability.
Send offprint requests to: Qingyao Liu

2. Observations

Photoelectric photometric observations in B and V bands
were made during two nights in December, 1991 with
the 106-cm Cssegrain reflector of Yunnan Observatory in
China. An EMI 6256B photomultiplier was used in the
observations. The following two filters were employed: a
Corning 5030 of stock thickness cemented with a 2 mm
Schott GG-13 for the blue region, and a Corning 3389 of
stock thickness for the yellow region. A circular diaphragm
of 32 arcsec and an integration time of 20 s, for both stars
and sky measurements were used. BD-12◦ 0814 and BD12◦ 0821 were chosen as comparison star and check star,
respectively. These stars were alternatively measured in
between the observations of the binary. Nightly extinction coefficients were determined from observations of the
comparison star. Since the program star and the comparison star are very close to each other (within 16 arcmin),
the differential extinction corrections were very small. The
magnitude differences between the check and comparison star were constant within probable errors of ±0.012
mag.(V ) and ±0.016 mag.(B) during the observations. A
total of 254 and 248 observations in B and V band, respectively, were obtained for BL Eri. Differential V and
B magnitudes, in the sense of variable minus comparison
star, are presented in Table 1 (V band) and Table 2 (B
band).
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From our observations, the times of a primary and
a secondary minimum were derived by means of a least
squares analysis (Table 3). Ephemerides of BL Eri were
given by Kern & Bookmyer (1986) and Yamasaki et al.
(1988). We find that these ephemerides given do not fit all
the observations. Yamasaki et al. (1988) suspected that
the orbital period of BL Eri did likely change between
1980 and 1986. However, in their study no discussion is
made about the stability of the orbital period since the
ephemeris of BL Eri could not be determined accurately
(yamasaki et al. 1988). In this study, we calculate a new
ephemeris, by combining our times of minima with those
given by Kern & Bookmyer (1986) and Yamasaki et al.
(1988), as
Min.I = JD(hel)2444606.5884 + 0.41691591 ∗ E
±0.0003 ± 0.00000012(p.e.)
The O-C values listed in Table 3, which were caculated
with our new ephemeris , reveal that the orbital period
of BL Eri has actually changed between 1980 and 1991.
Since the observed times of light minimum are too few,
the characteristic of the period changes is unclear.
The light variations of BL Eri relative to BD-12◦0814
are shown in Fig. 1 as the open circles. The photometric
disturbance in the present light curves is apparent as those
in the observations obtained by Yamasaki et al. (1988).
The maximum brightness at phase 0.75 p was found to be
fainter by 0.038 mag(V ) and 0.042 mag(B) than that at
phase 0.25 p. The notable disturbance occured in phase
from 0.62 p to 0.92 p, so the primary minimum showed
such an asymmetry that the descending branch is fainter
than the ascending branch. In order to compare with
the 1982/1986 observations published by Yamasaki et al.
(1988), we showed their observations in Fig. 1, too, as the
filled circles. Since different comparison stars were used
in 1982/1986 and 1991 observations, a vertical shift was
applied to Yamasaki et al.’s (1988) observations to match
our observations. It is evident that the light curves of BL
Eri have changed in the time interval between 1982/1986
and 1991. The amplitude of the light curves in 1991 has
increased by 0.06 mag.(V ) and 0.04 mag.(B) as compared
with the 1982/1986 observations. Within the observation
errors, the variations of the amplitudes of both Min.I minus Max.I and Min.II minus Max.II are almost the same,
so there are two different suggestions to explain these variations of the amplitudes: luminosities of both components
increased or inclination of the orbit increased from 1982
to 1991. More discussion will be made in the last section.
3. Photometric solution
Photometric solutions of BL Eri were obtained by using the 1992 version of the Wilson-Devinney program
(Wilson 1992). The individual observations were combined
into 54 normal points in each color; the number of individual points in each normal points was taken as the weight

Fig. 1. The light curves of BL Eri from the present observations (open circles) and Yamasaki’s et al. observations in 1982
and 1986 (filled circles)

of each point. The two light curves were used simultaneously in deriving our solutions. We adopted a temperature
for star 1 (star eclipsed at Min.I) of 5980 K, which corresponds to a spectral type G0V from Yamasaki et al.’s analyses of the spectrum and color indices. Gravity-darkening
exponents, g1 , g2 =0.32, and the bolometric albedo of the
two components, A1 , A2 =0.50 were assumed. The reflection effect was computed with the detailed model of
Wilson (1990), and linear limb darkening laws were used.
The mass ratio(q=0.54) of BL Eri was determined from a
few spectral measurements (Yamasaki et al. 1988), but an
extensive search for a reliable mass ratio q in the photometric solutions is still necessary. Thus solutions for several assumed values of mass ratio q (0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9) were obtained. Because the transit eclipse
occurs at the primary minimum according to Yamasaki
et al.’s spectroscopic observations (Yamasaki et al. 1988),
no values of q > 1 were tried. The adjustable parameters
employed were: the orbital inclination i), the mean temperature of star 2 (T2 ), the monochromatic luminosity of
star 1 (L1 ) derived from the Planck function for the appropriate temperature, and the dimensionless potentials
of star 1 and star 2, (Ω1 and Ω2).
Assuming initially a detached system, the differential
corrections always started from the mode 2 for each assumed value of q. A convergent solution for each value
of q, however, was always achieved in the mode 3 (contact mode). The resulting sums of weighted square deviations Σ for each value of q are plotted in Fig. 2. A
minimum of Σ is achieved at q=0.5. At this point, the
adjustable parameters were expanded to includ q and x
(values of x may slightly differ from theory due to the
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Table 1. V observations for BL Eri

possible effects of stellar activity). The mass ratio converged to q=0.536 in the final solution, which is in very
good agreement with the spectroscopic value determined
by Yamasaki et al. 1988). Our solution reveals that the
system is a contact binary. The photometric parameters
are listed in Table 4, and the computed light curves (solid

lines) are shown in Fig. 3, together with the corresponding
observations (circles).
The theoretical light curves do fit rather satisfactorily with the observations, except at secondary maximum where the disagreement is severe. Unequal quadrature light level, which is called the O’Connell effect, has
been observed in many eclipsing binaries and several
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Table 2. B observations for BL Eri

suggestions have been made to explain this effect by various authors, such as the effects of mass exchange and
stellar activity. The BL Eri system was non-contact in
1982 (Yamasaki et al. 1988) so that mass exchange does
not appear to be a likely mechanism to explain photometric distortions observed in 1982 and 1991. For cool stars,
such as the components in BL Eri, dark areas analogous
to sunspots appear to be the most probable explanation.

Since the 1992 version of the Wilson-Devinney code offers
the option of including spots in the photometric model,
the analysis has been pursued to obtain an estimate of
the likely properties of the spot(s) producing the photometric perturbations on the light curve of BL Eri.
The observed distortion, which Maximum II being
fainter than Maximum I, could be caused by a cool region on either component, so several groups of cool spots
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Table 3. Times of minimum light for BL Eri

Table 4. Photometric solutions for BL Eri

placed on the surface of either component were tried. The
derived fits to the observed light curves were better than
those found for the unspotted solution, but still not completely satisfactory. In the final solution the assumption
was made that cool spots are on both components, because both stars are likely to develop dark-spot activity
of the type seen on the Sun. The DC program was used
to obtain final spot parameters. Since the cool spots were
placed on both the stars, the parameters q, i, T2 , and L1
were varied. The differential corrections were calculated
until the adjustment became smaller than their probable
errors. The final results of the spotted solution are in-

cluded in Table 4 and the final spot parameters are given
in Table 5. The theoretical light curves for the spotted
solution are shown as solid lines in Fig. 4.
4. Conclusion and discussion
From 1982 to 1991, some properties of the system have
changed. 1) The orbital period of the system has increased.
The times of light minimum derived from the observations are too few to ascertain whether the period change
of BL Eri was continuous or had occurred suddenly. The
O-C values reveal that the orbital period of BL Eri has
increased of less than 0.24 s from 1982 to 1991. 2) The
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Fig. 2. Variance of the computed fit as a function of the mass
ratio q

Fig. 3. Observed BV light curves (points) and standard photometric model (solid lines) for BL Eri

Table 5. Spot parameters for BL Eri

Fig. 4. As Fig. 3, but with dark spots included in the photometric model

luminosities of the system components have raised from
1982 to 1991. As shown in Fig. 1, the amplitudes of the
light curves in 1991 has increased by 0.06 mag(V ) and
0.04 mag(B), as compared to the 1982 amplitude. Since
the orbital inclination of the system and the luminosities at primary and secondary eclipses have not notably
changed from 1982 to 1991, the increase of the light curve
amplitudes suggests that the luminosities of both components have raised. 3) The radii of both components of BL
Eri have also increased so that the almost contact system in 1982 became an over-contact binary in 1991. The
masses of both components, which were determined by
Yamasaki et al. (1988) from their observational data, are
so small that this system is located in the dynamically unstable region of the M1 − M2 diagram, as determined by
Hazlehurst & Refsdal (1984) and Kahler et al. (1987). The
observed variations of the orbital period, luminosities and
radii of BL Eri also suggest that it is an unstable contact
system. The unstable behaviour of binaries should affect
their evolution. As predicted by the “Thermal Relaxation
Oscillation Theory” (see Lucy & Wilson 1979 and references therein), in some evolutionary phase contact binaries would undergo oscillations about a state of marginal
contact, and unstable behaviour of such systems should
occur in this evolutionary state. For BL Eri, the photometric solutions of the light curves in 1982 and 1991 directly
reveal the oscillation behaviour of its geometrical configuration, but also unstable dynamical and thermodynamical
properties. Perhaps, BL Eri could be an example of from
broken-contact to re-contact systems.
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