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SUMMARY: We present the analysis of V and R light curves of the late type
contact binary V523 Cas for the season of 2006. These observations make part of
the monitoring program aimed at studying the long-term light curve variability in
this system. Our results confirm that the system is in an overcontact configuration,
and include a bright spot in the neck region of the cooler and larger primary. We
compare these results with the previous solution, obtained for the season 2005
dataset and discuss the differences.
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1. INTRODUCTION

V523 Cassiopeiae (WR16, CSV 5867, GSC
3257-167) is a close binary of W UMa type with one
of the shortest periods in this class of systems. It is
also noted for large period changes suggesting that
V523 Cas is a member of a hierarchical triple system
(Samec et al. 2004), and for light curve variability
that also appears to be periodic (Zhang and Zhang
2004).

Such a multitude of interesting astrophysical
phenomena made this system attractive for research,
and a review of early studies can be found in Zhang
and Zhang (2004). Photometric studies revealed that
the system is in a W-type overcontact configuration,
and a recent spectroscopic study (Rucinski et al.
2003) provided an accurate mass ratio.

Since the previous long-term photometric
studies of V523 Cas were primarily aimed at explain-
ing the changes of the period of the system, we have
started our own program of photometric monitoring,
with the goal of studying the activity in the system in
more detail. The program was started in 2005, and
the analysis of the first light curves can be found
in Zboril and Djurašević (2006). In the present pa-
per we analyze new photometric data, collected in
2006, and obtain results significantly different from
those in the previous analysis; most notably, the two
solutions differ in the inclination, the temperature
of the hotter component, the degree of overcontact
and the location of the hot spot, which is now found
on the larger and cooler primary. We conclude that
these differences can be properly explained only by
simultaneous analysis of a longer series of observa-
tions, which is the long-term goal of our monitoring
program.
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2. OBSERVATIONS

V523 Cas was observed in V and R passbands
with the SBIG ST10 CCD camera at the 0.5m tele-
scope of Stará Lesná observatory, on September the
5th 2006. The comparison and check stars were GSC
3257-1068 and USNO-A2.0 1350-00691230, respec-
tively. The differential photometry was performed
with the basic sequence 3xC-3xV-3xCH (where V
stands for the variable, C for the comparison and
CH for the check star). Details on the instrumen-
tation and data reduction can be found in Zboril
and Djurašević (2006). These observations were pub-
lished in a special issue of IBVS (2007) and are avail-
able online at http://www.konkoly.hu.

We used the ephemeris from Samec et al.
(2004), with a primary minimum epoch from
Parimucha et al. (2007):

MinI = HJD 2453943.4294± 0.0001
+ (0.233691049± 0.0000000078)E
+ (1.02± 0.10)× 10−11E2

+ (0.0364± 0.0050) sin[(3.87± 0.25)
× 10−5E − (1.042± 0.094)]

(1)

3. THE LIGHT CURVE ANALYSIS

We analyzed the light curves of V523 Cas us-
ing Djurašević’s program (Djurašević 1992, see also
Djurašević et al. 1998). The program incorporates a
binary star model based on the Roche geometry and
a simultaneous light curve fitting procedure based on
Marquardt’s (1963) algorithm. The fitting is carried
out by an iterative cycle of corrections to model pa-
rameters, minimizing the sum of squared residuals
between the observed and the synthetic light curve,
Σ(O − C)2.

We adopted the values of the mass ratio (q =
mh/mc = 0.52), separation (a = 1.687R¯) and the
temperature of the cooler component (Tc = 4762 K)
from Samec et al. (2004), and used the standard
values for gravity darkening exponents (βc,h = 0.08),
appropriate for convective atmospheres.

Our attempts to construct a simple Roche
model of the system with no activity failed to pro-
duce a satisfactory fit to the observed light curves,
which exhibit slight asymmetries. We then assumed
the asymmetries are caused by spots on one or both
components. The spots are modeled as circular areas
characterized by the temperature contrast parame-
ter, angular radius, latitude and longitude. Follow-
ing the procedure adopted in our 2006 analysis, we
decide initial locations and temperature contrasts of
spots by first fitting the albedoes of the components
as free parameters. After we found that the albedo
of the primary is much higher than one would expect
from theoretical considerations, we concluded there
is a bright spot on the larger, cooler primary. Subse-
quently, we fixed the albedo values to Ac,h = 0.5, ap-
propriate for convective atmospheres, and adjusted
the spot parameters in the fitting procedure.

Fig. 1. Observed (LCO) and synthetic (LCC) light-
curves of the V523 Cas with final O-C residuals, ob-
tained by simultaneous analysis of the V and R ob-
servations, ∆(V −R) color curve, and the model with
the obtained parameters at orbital phase 0.25.
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Table 1. Results of the simultaneous analysis of
the V523 Cas V and R light-curves obtained by solv-
ing the inverse problem for the Roche model with a
bright spot area on the more-massive (cooler) com-
ponent.

Quantity

n 414
Σ(O− C)2 0.0914
σ 0.0149
q = mh/mc 0.52
Tc 4762
Ac = Ah 0.5
βc = βh 0.08
fc = fh 1.0
Abs = Tbs/Th 1.09± 0.01
θbs 20.7± 1.2
λbs 350.7± 2.4
ϕbs 9.8± 3.3
Th 5176± 18
Fh 1.025± 0.001
i [◦] 84.8± 0.3

ac,h
1 (V;R) +0.6734, +0.6441; +0.7084, +0.6986

ac,h
2 (V;R) −0.8493,−0.6316; −0.7732,−0.6463

ac,h
3 (V;R) +1.7369, +1.5110; +1.5146, +1.3522

ac,h
4 (V;R) −0.6875,−0.6729; −0.6313,−0.6115

Ωc,h 2.8523
Ωin, Ωout 2.9141, 2.6048
fover[%] 20.0
Rc,h[D = 1] 0.421, 0.314
Lc/(Lh + Lc) 0.540[V]; 0.550[R]
Mc[M¯] 0.78± 0.02
Mh[M¯] 0.40± 0.02
Rc[R¯] 0.76± 0.02
Rh[R¯] 0.57± 0.02
log gc 4.56± 0.02
log gh 4.53± 0.02
Mc

bol 6.21± 0.02

Mh
bol 6.48± 0.03

aorb[R¯] 1.687± 0.012

Note: n - total number of the V and R observations,
Σ(O− C)2 - final sum of squares of residuals between
observed (LCO) and synthetic (LCC) light-curves, σ
- standard deviation of the observations, q = mh/mc

- mass ratio of the components, Tc,h - temperature
of the cooler and hotter component, βc,h, Ac,h, fc,h

-gravity-darkening exponents, albedos and nonsyn-
chronous rotation coefficients of the components re-
spectively, Abs, θbs, λbs and ϕbs - bright spot temper-
ature coefficient, angular dimension, longitude and
latitude (in arc degrees), Fh - filling factor for the
critical Roche lobe of the hotter component, i [◦] -
orbit inclination (in arc degrees), ac,h

1 , ac,h
2 , ac,h

3 , ac,h
4

- nonlinear (V;R) limb-darkening coefficients of the
components (Claret’s formula), Ωc,h, Ωin, Ωout - di-
mensionless surface potentials of the components and
of the inner and outer contact surfaces respectively,

fover[%] - degree of overcontact, Rc,h - polar radii
of the components in units of the distance between
the component centres, Lc/(Lh + Lc) - luminosity
(V;R) of the more massive cooler star (including the
bright spot on the primary), Mc,h[M¯], Rc,h[R¯], -
stellar masses and mean radii of stars in solar units,
log gh,c - logarithm (base 10) of the system compo-
nents effective gravity, M c,h

bol - absolute bolometric
magnitudes of V523 Cas components and aorb[R¯] -
orbital semi-major axis in units of the solar radius.

4. RESULTS

The analysis of the new light curves has led to
a very good fit with Σ(O−C)2 = 0.0914. The inclu-
sion of the bright spot on the primary was necessary
to model the asymmetries in the light curves, as it
was not possible to achieve a satisfactory fit without
it.

The observed and the synthetic light curves
are given in Fig. 1, together with a plot of the resid-
uals. The shape of the best-fit model for the system,
also found in Fig. 1, includes an indication of loca-
tion and size of the bright spot.

The parameter values are given in Table 1.
Note that the errors of parameters arise from the
non linear least-squares method used for fitting, and
that the real parameter uncertainties may be up to
ten times larger than the given estimates.

In Zboril and Djurašević (2006) we published
an analysis of the V523 Cas light curves from 2005,
similar to the present one. Since we consider the
2005 season to be the start of the monitoring pro-
gram, we compare here the results of this previous
study to the solution we obtained now.

There are considerable differences in the light
curves for the two seasons: the later curves have a
larger amplitude, while the difference between the
primary and secondary maxima is smaller (primary
maximum being the one following the primary min-
imum). In the more recent data, the primary maxi-
mum is at a higher level than the secondary, while in
the previous season it was the other way round. This
type of variations has been reported in other long-
term studies, and it arises from the system activity.

However, these variations have a strong im-
pact on system parameters, and our solutions for the
two seasons also differ considerably. Most notably,
the current solution prefers the bright spot on the
primary, while the previous solution placed it on the
secondary. The differences in inclination, the tem-
perature of the hotter secondary and the degree of
overcontact are also of interest. The comparison is
given in Table 2.

The difference in inclination cannot be at-
tributed to an intrinsic change in the binary; after
a larger set of observations is analyzed, the inclina-
tion may be estimated with better accuracy. The
difference in the temperature of the secondary, on
the other hand, as well as change in the location of
the bright spot, can be interpreted as a result of the
exchange of thermal energy between the components
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Table 2. Comparison between results for seasons
2005 and 2006.

Quantity Season 2005 Season 2006
i [◦] 83.5 84.8
Th 4991 5176
fover[%] 4.82 20.0
Abs = Tbs/Th 1.10 1.09
θbs 40.0 20.7
λbs 137.6 350.7
ϕbs 48.0 9.8
Spot location secondary primary

through the neck region of the system. Since the tem-
peratures of the components are substantially dif-
ferent, we suggest that the bright spot area on the
cooler primary is the stage in the process of achiev-
ing the thermal equilibrium in the common envelope
around the components.

5. CONCLUSIONS

Our analysis of the V523 Cas light curves re-
sulted in a new set of system parameters, which in-
clude a bright spot area on the cooler primary. We
note that the light curves from season 2006 differ
from those of season 2005, resulting also in differ-
ences of the obtained system parameters. Since V523
Cas is known to exhibit the light-curve variability, we
conclude that monitoring of the system must be con-

tinued in a strictly standardized, consistent manner
over the scale of several years, providing a series of
snapshots of the system in various phases of activ-
ity. Such a series of carefully calibrated observations
could then be analyzed simultaneously to explain the
nature of activity in this astrophysically interesting
system.
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Predstavǉamo analizu V i R krivih
sjaja pozne kontaktno dvojne zvezde V523 Cas
za sezonu 2006. Ova posmatraǌa su deo pro-
grama pra�eǌa sa ciǉem da se prouqi dugo-
roqna promena krivih sjaja. Naxi rezultati
potvr�uju da je sistem u kontaktnoj konfigu-

raciji sa zajedniqkim omotaqem, i otkrivaju
svetlu pegu na hladnijoj, ve�oj komponenti.
Ove rezultate poredimo sa rexeǌem dobi-
jenim sa podacima iz sezone 2005. i disku-
tujemo ǌihove razlike.
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