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SUMMARY: The paper is dedicated to the problem of the estimation of the
orbital and physical parameters of short-period W UMa-type system SW Lacertae
~on the basis of the light-curves analysis. The main feature of its light curve is the
different heights of the two successive maxima. This asymmetry and variations in
the shape of SW Lac light curves may be attributed to the existence of active spot
regions on some of the system’s components. To test this hypothesis we analysed the
light curves obtained in V and B filters (Niarchos, 1987). The problem is solved by
applying the inverse-problem method (Djurasevié, 1992b) in the framework of the
Roche model with spots on the components (Djurasevié¢, 1992a). The analysis shows
that the system’s components are in an overcontact configuration. The Roche model
(with two dark-spot regions on the components) gives a good fit to the observations.

Two different hypotheses on the spots’ location (I - 15t spot on the primary and 2nd |

spot on the secondary; II - both spots on the secondary) fit the observations equally
well. The basic parameters of the system and of active spot regions are estimated

with both hypotheses.

1. INTRODUCTION

The eclipsing close binary (CB) star SW Lac

is a short-period (P = 09.32072) W UMa-type sys-

tem. Many li%ht curves were obtained from photo-

graphic, visual and photoelectric observations. Pho-
toelectric light curves of the system SW Lac were
obtained by Rucinski (1968), Semeniuk (1971), Mut-
hasam and Rakos (1974), Faulkner and Bookmyer
(1980), Stepien (1980), Mikolajewska and Mikola-

Jewski (1981), Leung et al. (1984), Lafta and Grain-

ger (1985), Niarchos (1987), Eaton (1986), Han et al.

(1988), Essam et al. (1992) and Jeong et al. (1994).

The most striking feature of these light curves is their -

asymmetry arising from the unequal height of succes-
sive maxima. Leavitt (1918) reported that the range

of light variations in the primary minimum is sig-

nificant, while that of the secondary minimum was

not detectable. Radial-velocity curves of SW Lac
were observed by Struve (1949). He determined the
observed spectroscopic mass ratio as ¢,, = 0.88 or
my/m; = 1.14. Disheng and Wenxian (1989) present

their 1984 radial velocity observations. These ob-

servations gave a new spectroscopic mass ratio q =
my/my = 1.255. The spectral types of the system

were classified as G3 + G3 by Wood et al. (1980).

The geometric elements of SW Lac derived by
Lafta and Grainger (1985) and Niarchos (1987) in-
dicate that the system is in a contact configuration
with both components filling their Roche lobes. The
analysis of their observations in the V and B filters is
carried out by using Kopal’s method of the Fourier
analysis of the light curves. Leung ef al. (1984)
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and Binnendijk (1984), by using different methods
of analysis of the light curves, find SW Lac to be

an overcontact system. Jeong et al. (1994) used the

dn

[UE spectra of SW Lac for ultraviolet photometry
and for a variation study of the chromospheric activ-
~ity. This activity is indicated by the intensity vari-

ation of the Mg II emission line with orbital phase.

The light curves are analysed by using the modified
differential correction method of Wilson and Devin-

ney (1971). The details concerning these procedures
of light curve analysis can be found 1n the mentioned

papers and the references therein.
The orbital period of this system is still de-

creasing after a period of constancy (Lafta and Gra-

inger, 1985). The decrease of the orbital period may

be a result of the mass transfer from the more mas-
sive component to the less massive one, or of a mass

outflow from L9 1nto space.
The significant asymmetry of the Niarchos’

(1987) light curves can be explained by assuming
the existence of active dark or hot spot regions on
some of the system’s components. For analysing the

asymmetric light curves, deformed by the presence of

‘spots on the components, a Roche model has been

~ developed (Djuragevi¢, 1992a), which i1s based on

the principles originated in the Wilson and Devin-

ney (1971) model. ,

For a successful application of the realized CB
model in analysing the observed light curves, an eth-
cient method, unifying the best properties of the gra-
dient and the differential-corrections methods into
a single algorithm (Djurasevic, 1992b), is proposed.
This method is realized by modifying the Marquardt

(1963) algorithm. The inverse problem is solved in an

iterative cycle of corrections to the model elements
based on a nonlinear least-square method.
The interpretation of photometric observati-

ons is based on the choice of optimal model param-

eters yielding the best agreement between the ob-
served light curve and the corresponding synthetic
one. Some of these parameters can be determined
a priori in an independent way, while the others are
found by solving the inverse problem.

2. ANALYSIS_

In this paper we present the analysis of light
curves of SW Lac obtained in the V and B filters
(Niarchos, 1987) based on the Roche model of a CB
system with spots on the components (Djurasevic,
1992a). The significant asymmetry of these light
curves indicates a high level of activity n the sys-
tem. On stars with convective envelopes, as in this
case (spectral type G3), one can expect the presence
of spots. Therefore, the hypothesis of spot activ-
ity appears justified. However, due to the mass and
thermal-energy transfers between the components on
the W UMa-type systems one can expect also the oc-
currence of regions with higher temperatures in the

equatorial zone on the component towards which the

transfer is directed. -
A preliminary analysis of light curves shows

that both components in this system fill their crif-

ical Roche lobes, therefore the tidal cflects are ex-
pected to cause the synchronisation of rotational and

orbital periods.

inverse-problem. The linear limb-darkening coefli-
cients are determined on the basis of the temperature

We treated the gravity-darkening
coefficients as free parameters in the solving of the

of the components and of the stellar-surface gravity.
according to the given spectral type, by using the

polynomial proposed by Diaz-Cordoves ef al. (1995).
The temperature of the primary component 1;, was

set at 5630 K based on the spectral type (G:3). The

temperature of the secondary (T3) was adjusted. Tor

the mass ratio the spectroscopic determination is the
For this reason, in the light curves |

analysis, the mass ratio is fixed at the spectroscopl- |
cally estimated value - ¢ = my/m; = 1.255 (Disheng

most rehable.

and Wenxian, 1989).

" The results of the light curve analysis for these

systems highly depend on the chosen working hy-
pothesis. The analysis shows that the system’s com-
ponents fill their critical Roche lobes, having approx-
imately the same temperature. Several working hy-
potheses are considered concerning the nature and |
possible location of spots. The analysis shows that
the Roche model with two dark-spot regions on the

components gives a good fit to the observations. The

quality of obtained fits is almost identical within two |

hypotheses: L. - 15t spot on the primary and 274 spot
on the secondary; II. - both spots on the secondary.
For the temperature contrast of these spots with re-

spect to the surrounding photosphere one assumes
the value A, = T,/T» = 0.65. In both cases, lor

system’s and for the spots’ parameters, estimated
by analysing the individual V and B light curves,
one obtains relatively concordant solutions (Table

1.). The spots are located on high latitudes, near

the star polar region, as could be expected for stars

with rapid rotation (Schiissler and Solanski, 1992).
: The quality of the obtained results can be pre-
sented graphically. Fig. 1 presents the results ob-

tained under hypothesis I. It can be seen that model
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synthetic light curves (LCC) provide a good fit to the :

observations (LCO), and that the final residuals (O-
C) have more or less random character. Although the

model fits extremely well the individual hght curves,

it must be noted that there are some differences be-
tween orbit inclination estimations obtained in the

analysis of the V and B filter observations (see Ta-

ble 1). This discrepancy is characteristic also of the ,

second hypothesis (II), with both spots situated on
the secondary. The qualities of these results are pre-

sented by Fig. 2. o
~ Through a specially developed programme

(Djurasevié, 1991) it is possible to present the view
of the system in a selected orbital phase on the basis

of the parameters obtained by solving the inverse-
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I. 1% spot on the primary and 2" on the secondary;

I1. both spots on the secondary.

st spot on the primary 15t spot on the primary

. 0.375 ' . 0.375

FIXED PARAMETERS:

q = mg/ml = 1.255 - mass ratio of the components,
: Tl = 6200K - temperature of the primary,

A = T, / Ty = 0.65- spots temperature coefﬁciehts,

o f | = [2 = 1.00 - nonsynchronous rotation coeflicients of the components.

Note: E(O.-.—- C )‘2 - final sum of squares of residuals between observed (LCO) and syntheticl (LCC) light curves, 01 2 - spots

angtﬂar dimensions, A 1,2 - spots longitude and ¥1,2 - spots latitude (all in arc degrees), F’ 1,2 - filling coeficients for critical
Roche lobes of the primary and secondary, 19 - temperature of the secondary, ? - orbit inclination (in arc degrees), /31,2 -
gravity-da.rkening coefficients of the COmptments, U1,2 - limb-darkening coefficients of the components, Ql,2 - dimensionless
- surface potentials of the primary and secondary and Rl;g - polar radii of the components in units of the distance between the

component centres.

problem. Fig. 3. gives the view of the system for
both spot-location hypotheses: (Top - 1. 1% spot on

Both spots on the

1 0.375

somewhat higher values of gravity-
cients. The used model

Both spots on the

spot on the secondary | 2nd spot on the secondary secondary secondary
I. V- filter I._ B - filter II. Vv- filter I1I. B - filter
- 0.1269 0.1403 0.1261 0.1395
21.1 £0.4 21.2 +0.4 22.8 4-0.3 21.9 £0.3
89.4 +2.8 89.5 +2.7 88.3 +1.8 - 87.1 £1.8
43.0 1.6 13.3 +1.6 35.5 £1.5 35.8 1.5
11.8 0.9 12.6 40.8 32.1 £0.8 - 33.9 0.8
195 +11 198 8 267 +4.8 270 +4.2
61 %5 - 59.6 £5.3 79.4 0.7 81.3 0.6
1.0004-0.003 1.0004+0.004 1.00040.003 1.0004-0.003
1.0004-0.003 1.0004-0.003 1.00040.003 1.0004:0.003
5520 +15 5520 412 5500 415 5510 =412
- 79.6 0.2 81.6 0.2 79.6 10.2 81.3 0.2
10.20 4-0.01 © 0.1944-0.008 0.24 40.008 0.24 40.007
0.35 40.01 _ 0.3503-0.008 - 0.35 40.01 0.35 £0.008
. 0.67 , 075 067 0.75
0.68 - 0.75 0.68 0.75
1.154 4.154 4.154 4.154
1.154 4.154 - 4.154 1.154
0.337 0.337 0.337 - 0.337
' 0.375

darkening coecfli-
does not predict an overcon-

the primary and 24 on the secondary; Bottom - II.
both spots on the secondary). ' '

3. DISCUSSION AND CONCLUSION

The obtained results show that the system |
components fill their critical Roche lobes, having ap-
proximately the same temperature. The system is
In the overcontact configuration, which is implied by

tact configuration which is compensated by increas-
ing the gravity-darkening coefficients. The overcon-
tact configuration is possible since the approximate

‘equality of the temperatures of main-sequence stars

with different masses can be explained through the

~exchange of thermal energy. .

Lafta and Grainger (1985) show that the or-

bital period of the system decreases. Jointly with the .

prominent asymmetry of the light curves this can in-
dicate a mass transfer from the more massive com poO-
nent towards the less massive one. As a consequence
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" Fig. 1. Observed (LCO) and final synthetic (LCC) light curves with final residuals (O-C)
- obtained by solving the inverse problem of active CB SW Lac.

 Hypothesis - I. 1% spot on the primary and 2" on the secondary.
| - Top - V-filter; Bottom - B-filter



0.0
0.2}
04

0.6

' . oL e "o s g s ° . *% o0 wal.® v ¢ . e Ctes o . - . .
-.’ f: o ont ii”t‘ @ % oo * Y Wy * » ak ¢' ¢ e geohvato® «*® ’ oo « »® * y 2¢ o> »

1 IO | N | " 'l l-‘. o ‘- '.r .'."I-”.a‘..: ;F' .. r‘. . =‘d=. » ':.’-:'." ‘I‘..”:;":::‘ -:. "“.:‘ﬂ-‘h-‘:!as\. ::fg.f} ":‘t-“: . .:‘.‘. ’:::‘:.
) - @ | ¢ |

e B B T
‘ 10 11

01 00 01 02 03 04 05 op 0.7 08 09

| | ne «® | . | . , e . ® . _ 9 ° . ®
B . e . Y $ ‘-. seleos o 2o Yiteer o o " ee% o PPy i.:'" ® 3%0a8e ¢°* ¢ ® s 000 " . l."'.l‘l 'y '.f ’
1 -0 | FX3d ':.:P::.-.- e ¥ .‘-r.,l ?:; .-3‘: . .:- :'T.i "o ..:- ":o,_:.??-;g:-‘}:”i:ﬂ‘b % * “‘"”!"':-1;:.-.'_:-,‘:.- .‘-. .,‘:':’ .'.':'u..'“ or o ,:...1::" -‘\;'
s ® ® . oe
| - - B ® oy 0 ®

01 02 03 04 05 06 07 08 00 410 14

‘Fig. 2. Observed (LCO) and final synthetic - ight cur 16h est
' obtained by solving the inverse
+ Hypothesis - II. hoth Spots on the secondary.
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Fig. 3. The view of the CB SW Lac with parameters obtained by solving the nverse problem.
' Top - Hypothesis L. 15t spot on the primary and 27d on the secondary;
Bottom - Hypothesis II. both spots on the secondary.
~ Right - V-filter; Left - B-filter '

a bright-spot region may arise in the equatorial zone |
of the star towards which the transfer is directed.

Because of this, together with the hypothesis con-
cerning the RS (Vn activity type, we looked for
a possible explanation of the observed deformation
on the light curves in the framework of this mech-
anism of active-region formation. Within this hy-
pothesis the analysis of the light curves (Niarchos,
1087) yields mutually well consistent parameters of
the system and of the active regions in the B and
V filters. Approximate equality of the temperatures
for components in a physical contact suggests the
exchange of thermal energy thal is in favour of the

latter hypothesis. However, by this bypqthesis 1t 18
difficult to explain the seasonal varnations in the form

of the light curves indicating significant changes of

the active-region longitude.
Al light curves published since 1961 were col-

lected by Jeong el al. (1994) aiming to investigate
the variations of maxima heights beyond the eclipses.

According to the form of the light curves the obser-

vations are classified into three groups. Group 1 has
max II (orbital phase = 0.75) brighter than max I

(orbital phase = 0.25). Group 2 refers to symmetric

60

light curves. _
1. These variations in the form of the hght curves

Group 3 has max Il fainter than max

show no systematic changes over a long-term inter-
val. The duration of the changing interval scems to
be shorter than a season. From IUE spectra the anal-

~ysis of these authors shows that the chromospheric

activity is correlated with the light-curve varialtion
and depends on the orbital phase. All this indicates
that the hot-spot hypothesis should be rejected and
the variations in the form of the SW Lac hght curves
should be interpreted as due to starspots resulting

" from the chromospheric activity of a late-type star.

‘The analysis of the light curves presented
this paper enables the estimation ot parameters for
SW Lac and for the active regions. It is shown thal
a Roche model with two spots hypothesis fits the ob-
servational material successfully. With spot hypoth-
esis seasonal change of the depth of the prinary min-
- mum should be more pronounced than that of the

secondary minimum, as a consenquence of the eclipse

geometry. Some earlier studies (Leavitt, 1918) indt-
cated exactly this kind of seasonal change of the light
curves. This could be an argument in favour of the
hypothesis of spot location on the secondary.
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. The system is in an overcontact configuration.
The model applied for analysing the light curves in-

dystem can be significantly more complex than the
wlutions obtained here. In addition to the activity
with dark spots on the components there are phe-
gomena indicating a matter exchange between the
components. A probable superposition of these ef-
fects results in complicated variations of the light-
¢urve form. The SW Lac system should be continu-
glsly under observation in order to provide a photo-
netric data base for analysing these variations over
dhort and long time intervals. Such a material can
we very important in the analysis of essentials of the
&tivity in the system. '
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HPOILEHA TTAPAMETAPA SW Lac HA OCHOBY AHAJIVIBE KPUBUIX CIAJA

. Bypamepuh u C. Epkarmh
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OpuzuHaAHu HAYUHU pao

, Y pamy ce Ha OCHOBY aHaJIU3€ KPHBMX cjaja
[pouemwyjy opouTanHn QU3IMIKM rapaMeTpu Kpat-
KOIEPHOOMUHOr TeCHOT IBOJHOT CHCTEMA SW Lac-
ertae. 'naBHa KapakTepUCTUKa KpHMBHUX C jaja oBoOr
cncteMa Tirma W UMa je pasnuiura BUCHHA CYKILE-
CUBHUX MaKCHUMyMa.
“popMe kpuBHx cjaja SW Lac MOXe CE 00 jaACHUTH TpHU-
CYCTBOM aKTHBHMX pervoHa ca ferama Ha HEKO] Ol

KOMIIOHEHATa cucTeMa. Y LMJBY TecTMpala OBC XH-

forese y paly aHanavu3upaMo KpHBC cjaja (Niarchos,
1987) mobujene y V u B dunrepy. IIpobneM ce peil-

62

Opa acuMeTpHja U TpPOMEHA

apa IPMMEHOM MeTole 0OpHyTOr 3aiaTka (Djurasevic,
1992b) y oxsupy Powe Mozena ca nerama tia Kobtio-
Heatama (Djurasevic, 1992a). Ananusa roxkasyje fpa
cHCTEMY ONroBapa OBEPKOHTAKT koHgurypauija. Po-
we Mojen (ca IBe TaMHe rere Ha KOMIoHeHeTa Ma) 10-

6po PUTYje MocMaTparba Mpi ABE PasMITIHTE XHITOTC

o nokaumju nera. Ilpsa xuroresa noapasymesa To
jemHy fiery Ha rnpumapy H ceKyHmapy, HOK apyra
TpeTHpa ciiytdaj ca OBe TMerc Ha CEKYHOApHO] KOM--
noueneT. OCHOBHM flapaMeTpH cHUcTeMa 11 nera cy
[pOLEHEHN TIPU 00€ XUIOTEC3E. '



