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I. Projenin Tiirkce ve Ingilizce Ad1 ve Ozetleri

Secilmis Bazi W UMa Tiirii Orten Cift Yildizlarin Isik Egrilerinin Analizi

OZET: Orten ¢ift yildizlarin hem bilesen yildizlarina hem de olusturduklar kapali dinamik
sisteme iligkin 1g1msal parametrelerinin ve geometrik boyutlariin hesaplanmasi, biiylik ol¢iide
onlarin fotometrik (151kdlgiim) gézlemlerinden olusturulan ve zamana bagli olarak bir yoriinge
donemi boyunca 151k degisimlerini ifade eden 151k egrilerinin analizi ile miimkiin olabilmektedir.
Bu proje caligmasinin temel amaci dogrultusunda, hakkinda ¢ok az bilgiye sahip oldugumuz,
heniiz 151k egrileri analiz edilmemis ve biiyiikk cogunlukla HIPPARCOS astrometri uydusunun
yakin zamanda kesfettigi bazi W UMa tiirii orten ¢ift yildiz sistemlerinin yeni 151ko6l¢iim
gozlemleri; Ankara Universitesi Gozlemevi’nin ve TUBITAK Ulusal Gozlemevi’'nin mevcut
teleskoplart ile elde edilmis ve bu gozlemlerden olusturulan 1s1k egrileri ilk kez analiz edilmistir.
Proje kapsaminda irdelenen orten ¢ift sistemler, literatiirde dikine hiz egrisi ¢6zlimiine sahip
ancak fotometrik yoriinge analizi heniiz yapilmamis sistemler arasindan se¢ilmistir. Dolayisiyla
151k egrileri, dikine hiz egrileri ile es zamanl olarak ¢oziilmiistiir. Boylelikle, proje programina
dahil edilen orten cift sistemlerin salt boyutlari ilk kez elde edilmis ve sistemlerin dogas1 detayli
bir sekilde ortaya konmustur. Proje bulgularinin ve sonuglarinin, i1smimsal ve geometrik
parametreleri iyi bilinen ilgili tiirdeki Orten c¢ift yildiz sayisina katkida bulunmasi ve onlar
hakkinda ortaya konan ¢esitli istatistik genellemelere ve kalibrasyonlara veri liretmesi agisindan
biiyiik 6nem tasiyacagi inancinday1z.

ANAHTAR SOZCUKLER: Orten cift yildizlar, W UMa tiirii sistemler, fotometrik gézlemler, fotometrik yoriinge analizi

Light Curve Analysis of Some Selected W UMa Type Eclipsing Binary Stars

ABSTRACT: The geometrical dimensions and radiative parameters of the component stars and
the close dinamic system of eclipsing binary stars can be calculated, in general, from the analysis
of their light curves, which are express their light variability in time through their orbital period
and constructed from their photometric observations. According to the basic aim of this project,
new photometric observations of some selected W UMa type eclipsing binary stars which are
mostly discoveries of the HIPPARCOS astrometry satellite and have no further information and
light curve analysis in the literature, were obtained with the current telescopes of the Ankara
University Observatory and TUBITAK National Observatory. The light curves constructed from
these observations were analyzed for the first time. The eclipsing binary systems which are
considered in this project have been selected among those systems that radial velocity curve
analyses are present in the literature but, not the photometric orbital analyses. Therefore, their
light curves were solved simultanously with their radial velocity curves. In that way, the absolute
dimensions of the eclipsing binary systems considered in this project were obtained for the first
time and their detailed nature are revealed. Contributing to the number of relevant eclipsing
binary stars with well known radiative and geometrical parameters and providing some
applicational data to various statistical generalizations and calibrations on them, we believe that,
the findings and results of this project would take an great importance.

KEYWORDS: Eclipsing binary stars, W UMa type systems, photometric observations, photometirc orbital analysis



I1. Amag¢ ve Kapsam

Bu proje ¢aligmasinin temel amaci, yeni kesfedilmis ancak heniiz yoriinge analizleri yapilmadig:
i¢cin detayl1 karakteristikleri ortaya konamamis W UMa tiirii bir grup 6rten ¢ift yildizin, Johnson
UBVR filtrelerinde ¢ok renk 151k 6l¢iimiinii tamamlamak ve bu gozlemlerden olusturulacak 1s1ik
egrilerini analiz ederek fiziksel 6zelliklerini ilk kez detayli olarak ortaya koymaktir. Yoriinge
cozlimlerinin yanisira, mutlak boyutlarinin da belirlenmesi amag¢ edinildiginden, literatiirde
dikine hiz egrileri bulunan sistemler tercih edilmistir. Bu ama¢ dogrultusunda 1sik Olgiim
gozlemleri Ankara Universitesi Gozlemevi (AUG)nin 30 cm ¢aph ve TUBITAK Ulusal
Gozlemevi (TUG)’ nin 40 cm teleskoplart ile yapilmistir. Gzlemler, bu teleskoplara bagli SSP-
5A zayif 151n fotometreleriyle ve en az iki ayr1 dalgaboyu araliginda (BV, UBV veya BVR)
diferansiyel fotometri teknigi ile alinmistir. Gozlemsel veriler Yer atmosferinin soniiklestirme
etkisinden ve Yer’in yoriinge hareketi etkisinden arindirilmistir. Elde edilen 151k egrileri ¢ift
yildiz sistemlerinin fiziksel 6zelliklerini ortaya koymak ic¢in en giivenilir yontemlerle analiz
edilmistir. Proje teklifinde, gdzlemsel verilerin elde edilmesinin, gece gokyiiziiniin agik ve
bulutsuz olmasina bagli oldugu, dolayisiyla gézlemleri yapilacak kaynak sayisinda %10 oraninda
farklilik olabilecegi belirtilmisti. Bu baglamda, projemizin “l. Ara Rapor”unda belirtilen
olumsuz hava kosullarindan dogan durumlar, takip eden gozlem sezonlarinda goézlemi
tamamlanabilen yildizlar ve alternatif olarak gdzlenecek yildizlar listesinde olan degisikliklere
“III. Materyal ve Yontem” bashig1 altinda yer verilmistir. Bu anlamda, Tablo 1.’de goriilen ve
proje onerisinde yer alan gozlenecek sistemlerin sayisindan ciddi bir 6diin verilmemistir.

Proje caligmasina konu olan tiirden orten cift yildiz sistemleri hakkindaki istatistik
genellemeler, kalibrasyonlar ve evrim modelleri; giivenirlilik derecelerinin artabilmesi i¢in
fiziksel ozellikleri iyi bilinen Ornek sistemlerin sayica artisina siddetle ihtiya¢ duymaktadir.
Dolayisiyla bu calisma ile hedeflenen ikincil amag, literatiirde ihtiya¢c duyulan bu veri

gereksinimine belli oranda katkida bulunmaktir.

Tablo 1. Isik egrilerinin tamamlanmasi ve analiz edilmesi hedeflenen sistemler (Proje onerisinde verilen olast liste):

Cift Sistemin a (2000) 8 (2000) To P Parlakhk Tiir Tayf
Adi (sagacikhik) (dikacikhik (HJD) (giin) (max B) tiirii
V776 Cas 01°*53% 23+ +70° 02" 33" 2451788.2184 0.440 9™ 42 EW-A F2V
V2150 Cyg 21 18% 11° +30°35" 21" 2451386.3434 0.592 8".40 EW-A A6V
V842 Her 16 06% 02° +50° 11" 12" 2450177.4800 0.419 9™ 30 EW-W FOV
SW Lac 22 53% 47 +37°56" 18" 24452753477 0.321 9™ 64 EW-W G8V
ET Leo 10 33% 25 +17° 34 27" 2451990.9912 0.346 10™.18 EW-W G8V
V2377 Oph 17% 33% 56° +08° 09" 57" 2451720.3294 0.425 9™ 11 EW-W G0/G1V
V351 Peg 23%25% 25° +15°41' 19" 2451418.3205 0.593 8m31 EW-W A8V
11 UMa 125 329 54 +54° 47 42" 2451221.6579 0.825 8".67 EW-A F5II
HX UMa 122 01% 33° +43° 02" 29" 2451835.0458 0.379 9™ 31 EW-A F4V




I11. Materyal ve Yontem

Tablo 1 ile verilen ve ¢ogunlukla HIPPARCOS astrometri uydusunun yakin zamanl kesifleri

olan W UMa tiirii orten c¢ift yildizlarin 151k elemanlarindan (7, P) hareketle evre hesaplari

yapilarak hangi gézlem mevsiminde daha uygun gozlenebilecekleri saptanmis, hava kosullarinin

el verdigi Olciide (bulutsuz gokyiizii) gozlemleri yapilarak 151k egrileri tamamlanmaya

calisilmigtir. Hava kosullarina bagl olarak, gozlemleri yapilacak kaynak sayisinin %10 oraninda

farklilik gosterebileceg8i proje onerisinde ve “1. Ara Rapor”da belirtilmistir. Buna gore Tablo

1’de, olas1 listede verilen yildizlardan 151k egrisi tamamlananlar ve hava kosullari nedeniyle

yapilan degisiklikler soyle 6zetlenebilir:

a)

b)

d)

V776 Cas, V842 Her, SW Lac, ET Leo, V351 Peg, Il UMa ve HX UMa sistemleri i¢in
amaglanan 151k 6l¢lim gozlemleri tamamlanmistir.

“l. Ara Rapor”da belirtildigi gibi, V2150 Cyg sisteminin 151k dl¢lim gozlemlerini elde
etmek lizere TUG’a, Agustos 2003 doneminde verilen gézlem projemiz kabul edilmistir.
Ancak grubumuza tahsis edilen gézlem zamani siiresince olumsuz hava sartlar1 bu yildizi
gbzlememize engel olmustur. Bu arada sistemin yeni gozlenmis fotometrik 1s1k
egrilerinin detayli analizlerini igeren bir ¢alismasi (Kreiner vd. 2003) yayinlanmistir. Bu
nedenle V2150 Cyg sistemi projemiz kapsamindan ¢ikarilmistir.

Yine “1. Ara Rapor”da belirtildigi gibi, V2377 Oph sisteminin 151k dl¢iim goézlemleri, 2
ve 3 Temmuz 2003 gecelerinde TUG’da, tamamlanmistir. Ancak ilgili tarihlerdeki
marjinal hava kosullarinin etkisi, goreli olarak diisiik 1s1k degisim genligine (Am~0".15)
sahip bu sistemin gozlenen 151k egrilerine olumsuz yonde yansimistir. Isik egrilerinde
izlenen yiiksek diizeyli sagilma giivenilir bir 151k egrisi analizi yapmamiza engeldir.
Literatiirde, Lu vd.’ne (2001) ait kaliteli dikine hiz egrisi gézlemleri ve ¢oziimlemesinin
var olmasinin yami sira heniliz kaliteli fotometrik gozlemlere dayali bir yoriinge
coziimlemesinin yapilmamis olmasi, V2377 Oph’u hala ilgi ¢ekici bir konumda
tutmaktadir. Ancak bu yildiz icin 2004 ve 2005 gozlem sezonlarindaki goézlem
girislerimiz de kotii hava kosullart nedeniyle basarisizlikla sonuglanmistir. Bu nedenle,
V2377 Oph sisteminin, projemiz kapsaminda, 151k egrisi analizi i¢in umut kalmamustir.
Elimizdeki 2003 gozlemlerinden, kabul edilebilir duyarhilikla belirledigimiz tutulma
minimumu zamanlarini, gdzlemevimizin bir sonraki rutin minimim zamanlar listesinde
yayimlamakla (IBVS) yetinecegiz.

W UMa’larin W alt tiirline ait oldugu bilinen BB Peg sistemi, 151k egrisinde gosterdigi
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hizli degisimler ve asimetriler (O’Connell etkisi) ile taninmaktadir (bkz. Leung vd. 1985
ve burada verilen kaynaklar) ve W UMa tiirii sistemlerin bilesen yildizlarinin uzun
donemli yiizey parlaklik dagilimlarmi takip edebilmek i¢in en ideal adaylardan biridir.
Yakin tarihe kadar giivenilir bir dikine hiz egrisi ¢dziimii bulunmayan bu sistem i¢in Lu
ve Rucinski (1999) yeni dikine hiz egrilerini elde etmis ve ¢cozmiislerdir, ancak literatiirde
hala es zamanl bir 151k egisi ve dikine hiz egrisi ¢ozliimii yoktur. Boylece alternatif bir
sistem olarak projemize dahil edilen bu sistem i¢in 2004 ve 2005 yili gbzlem

donemlerinde, iki sezona ait 151k egrileri tamamlanmugtir.

Sonug olarak, Tablo 1 ile proje Onerisinde verilen olasi listedeki toplam yildiz sayis1 9’dan 8’e
inmis durumdadir. 2 yildiz proje kapsamindan ¢ikarilirken (V2150 Cyg ve V2377 Oph), 1 yildiz
ilave edilmistir (BB Peg). Proje kapsaminda gozlemleri tamamlanan sistemlerin genel 6zellikleri

ve elde edilen gozlemlere iliskin bilgiler toplu olarak Tablo 2’de 6zetlenmistir.

Tablo 2. Proje kapsaminda gdzlenen sistemlerin temel 6zellikleri ve gdzlemlerine iliskin bilgiler

Cift a (2000) 8 (2000) T, P Parlakhk| Tiir | Tayf | Gozlemevi | Gozlem | Filtre
Sistemin | (sagagiklik) | (dikagiklik) (HJD) (giin) (max B) tiirii Tarihleri
Ad1
V776 Cas | 01%53%23°[+70° 02" 33""| 2451788.2184 0.440 9"42 | EW-A | F2V TUG 08.11.2002 | UBV

09.11.2002 | UBV
V842 Her | 16™06% 02° [+50° 11" 12”"| 2450177.4857 0.41904 9™30 |EW-W | F9V TUG 03.07.2003 | UBV
04.07.2003 | UBV
AUG 24.07.2004 | BV
27.07.2004 | BV
SW Lac 227 53% 41°|+37° 56" 187" | 2445275.3477 0.321 9m64 |EW-W| G8V AUG 26.08.2004 | BV
01.10.2004 | BV
11.10.2004 | UBV
16.10.2004 | UBV
19.10.2004 | UBV
12.11.2004 | UBV
08.09.2005 | BV
09.09.2005 | BV

ET Leo 10%33%25°[+17°347 27""| 2451990.9912 0.346 10m18 |EW-W| G8V TUG 26.03.2003 | BV
27.03.2003 | BV
BB Peg 22 22% 575 [+16° 19" 287" | 2443764.3349 0.362 11™80 |EW-W | F8V TUG 14.08.2004 | BVR

17.08.2004 | BVR
18.08.2004 | BVR
19.08.2004 | BVR
20.08.2004 | BVR
26.08.2005 | BVR
27.08.2005 | BVR
28.08.2005 | BVR
29.08.2005 | BVR
30.08.2005 | BVR
V351 Peg | 23%225%25° [+15°41° 197"| 2451418.3205 0.593 8"31 |EW-W | A8V TUG 29.08.2003 | BVR
30.08.2003 | BVR
31.08.2003 | BVR
11 UMa 12 32% 54° [+54° 47" 427" | 2451221.6579 0.825 8".67 | EW-A | F5III TUG 04.04.2005 | BVR
08.04.2005 | BVR
15.06.2005 | BVR
16.06.2005 | BVR
17.06.2005 | BVR
21.06.2005 | BVR
HX UMa | 12°01% 33° [+43° 02" 297" | 2451835.0458 0.379 931 |EW-A| F4V TUG 06.04.2003 | UBV
27.04.2003 | UBV
28.04.2003 | UBV




Incelenecek yildizlar icin gerekli literatiir arastirmasi, A.U. Rektorliigii, Bilgi-islem
Dairesi Bagkanligi’nca saglanan INTERNET erisimi yardimiyla, “SIMBAD Astronomical
Database” ve “NASA-ADS — Astrophysics Data System” veri bankalar1 kanali ile yapilmistir.
Program yildizlarinin, 6zellikle elektronik formatdaki dikine hiz verilerine bu yolla ulasilmistir.
Isik egrisi analizi sirasinda kullanilan bilgisayar programlar1 “agik kaynak kodlari”na sahiptir ve
ilgili birimler tarafindan serbest dagitimi yapilan programlardir. Programlar, kaynak kodlarinin
dagitiminin yapildigi FTP sitelerinden ¢ekilmis ve uygun olduklari isletim sistemleri altinda
derlenerek calisir hale getirilmiglerdir.

Isik olgiim gdzlemleri, Ankara Universitesi Gdzlemevi'nin 30 cm ¢apli ve TUBITAK
Ulusal Gozlemevi’nin 40 cm c¢aplhi teleskoplari ve bunlara bagli SSP-5A zayif 1sin
fotometreleriyle yapilmistir. Gozlem yontemi ¢ok renk diferansiyel 151k 6l¢iim teknigidir. Segilen
cift yildizlarin zamana kars1 parlakliklari, parlaklik degisimi gdstermedigi iyi bilinen standart
yildizlara (mukayese ve denet yildizlar1) gore Olgiilmiistir. Farkli filtrelerde elde edilen
gozlemler atmosferin soniiklestirme etkisinden (Hardie, 1962) ve Yer yoriingesinin 1sik-zaman
etkisinden, 1yi bilinen yontemlerle arindirilmistir. Gézlemlerden, Kwee and Van Woerden (1956)
yontemi kullanilarak saptanan ve varsa literatiirden elde edilen minimum zamanlar1 kullanilarak

her bir sistem i¢in diizeltilmis 151k elemanlar1 (7, P) hesaplanmistir. Elde edilen yeni 151k

elemanlar1 kullanilarak her sistemin, gozlenen farkli filtrelerde 151k egrileri olusturulmug ve
analize hazir hale getirilmistir.

Olusturulan 151k egrileri, literatiirde glivenirligini ispatlamig Wilson-Devinney 151k egrisi
analiz yonteminin (Wilson ve Devinney, 1971) en son slriimii WD-2003 (Wilson ve Van
Hamme, 2003) veya Djurasevic yontemi (Djurasevic 1992, Djurasevic vd. 1998) ile analiz
edilmistir. Djurasevic yontemi, kullandig1 matematiksel model ve dikkate aldigi parametreler
acisindan Wilson-Devinney 151k egrisi analiz yontemi ile son derece benzerdir. Dolayisiyla
analiz yontemlerinin tarifi konusunda sadece Wilson-Devinney 1s1ik egrisi analiz yontemi
hakkinda bilgi vermekle yetinilecektir. Analizler sirasinda, proje yildizlarinin literatiirde mevcut
olan dikine hiz egrileri de girdi verisi olarak kullanilmis ve es-zamanli ¢6ziim yapilmistir.
Boylelikle sistemlerin salt boyutlari da elde edilmigtir. Wilson-Devinney 1s1k egrisi analiz
yonteminde, bilesen yildizlar, “Roche Geometrisi’ine uygun olarak espotensiyelli ylizeylerden
olusmus 4 eksenli donel elipsoidler olarak ifade etmektedir. Bilesenler arasi 1s1masal ve ¢ekimsel
etkilesmeler dikkate alinmakta (kenar kararmasi, ¢ekim kararmasi, yansima etkisi, tedirginlik
etkisi kokenli kiiresellikten sapmalar) ve sicak/soguk leke gibi yiizey parlaklik dagilimini
tekdiizelikten saptiran olgular da modellenebilmektedir. Algoritmik anlamda, kuramsal olarak

iretilen 151k egrisi ile gozlemsel 151k egrisi arasindaki farklarin minimize edilmesi ile ulagilan
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model parametrelerinin gozlenen sisteme atfedildigi matematiksel bir yontem olarak tarif
edilebilir. Bu baglamda WD-2003 yontemi, temelde, gézlem noktasi sayis1 kadar denkleme ve
ondan daha az sayida bilinmeyene sahip lineer-olmayan denklem takimi ¢dziim algoritmasina
sahiptir ve matematiksel yaklagim olarak diferansiyel diizeltme (differential correction) yolu ile
ardisik yaklastirmalar mantigini kullanmaktadir. ilgili yéntemin pratikteki uygulama iistiinliikleri
ve giivenirligi Kallrath ve Milone (1999) tarafindan, detaylariya ve alternatif yontemlerle
karsilagtirmali olarak tartisilmustir.

Analizler sirasinda, her iki 1s1k egrisi analiz yonteminin, W UMa tiirii degen cift
sistemlere uygun olan secgenekleri kullanilmistir (Wilson-Devinney yonteminde MOD3,
Djurasevic yonteminin degen ciftler icin genellestirilmis 1998 siiriimii). Ilgili sistemlerin bilinen
baz1 fiziksel Ozelliklerine karsilik gelen parametreleri analizler boyunca sabit tutulmustur.
Sistemler i¢in literatiirde verilen biitiinlesik tayf tiirleri, uygun kalibrasyonlar kullanilarak (Gray
ve Corbally 1994 veya Popper 1980) etkin sicaklik degerlerine doniistiiriilmiis ve birinci
bilesenlerinin yiizey sicakliklar1 (7)) olarak dikkate alinmistir. Gerekli hallerde degerlerinde ufak
degisiklikler yapilmistir ancak diferansiyel diizeltmelere sokulmamislardir. Bilesenlerin ylizey
sicakligina bagli ve analizler i¢in girdi parametresi olarak verilen kenar kararma katsayilari, van
Hamme (1993) veya Claret’in (2000) dogrusal-olmayan kenar kararma tablolarindan
interpolasyon yolu ile elde edilmistir. Ele alinan tiim sistemlerin bilesenlerinin geg tayf tiirii ciice
yildizlar oldugu dikkate alinarak, fiziksel yapilarina uygun sekilde yansitma giicli (albedo
A;=A4,=0.5) ve ¢ekim kararmasi sabitleri (g;=g»=0.32) ise sirasiyla Rucinski (1969) ve Lucy’nin
(1967) onerdigi teorik degerlere sabitlenmistir. Tiim analizler boyunca bilesen yildizlar igin es-
donme olgusunun var oldugu (F;=F,=1.0) ve yoriingelerin ¢ember oldugu (e=0) dikkate
almmustir. Dikine hiz egrisi analizlerinden elde edilmis kiitle oram1 (g=m./m;) ve Kkiitle
merkezinin dikine hiz (V) degerleri girdi parametresi olarak kullanilmis ve analizler boyunca
sabit tutulmuslardir. Analizler boyunca yoriinge egim agis1 (7), bilesenlerin yiizey potansiyelleri
(£2=£2,), ikinci bilesenin ylizey sicakligi (7>) ve birinci bilesenin monokromatik 1s1nim giicii (L)
degerleri serbest parametreler olarak diferansiyel diizeltmelere tabi tutulmuslardir. ikinci
bilesene ait monokromatik 1s1nim giicii (L,) degeri ise her iterasyonda L; degerinden tiiretilmistir.
Bazi sistemlerin (V776 Cas, Il UMa ve HX UMa) fotometrik goézlemleri, kullanilan fotometrik
gbézlem araglarimin teknik Ozellikleri geregi yakin gorsel bilesenlerinin 151k katkisindan
etkilenmistir. Bu durumda olan sistemler i¢in 3. 151k katkisi, ilgili analiz metodlarinin uygun
parametreleri (L3) yardimiyla dikkate alinmistir. Baz1 sistemlerin 151k egrilerinin (V842 Her, ET
Leo, BB Peg ve V351 Peg) maksimum seviyeleri esit diizeyde degildir. Bu asimetrik yapilar

O’Connell etkisi olarak bilinen ve bilesen yildizlarin yiizey parlaklik dagilimlarinin homojen
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olmamasindan kaynaklanan olgulardir. Bu olgular, bu calismada da izlendigi yolla, analiz
metodlarinin izin verdigi Olclide, bilesen yildizlarin yiizeyi {izerinde uygun konumlara
soguk/sicak lekeler koyularak modellenebilmektedir. Lekelere iligkin model parametreleri; leke
boylam1 A[°], leke enlemi F[°], leke agisal capr € [°] ve sicaklik faktorii Ty = Tspor /' Teomp
degerleridir.

Analizler sonucunda sistemlerin ve bilesenlerinin fiziksel Ozelliklerini ortaya koyan;
yoriinge egimi (i), bilesenlerin yiizey sicakliklar1 (77;, 7,), bilesenler aras1 uzaklik (@) cinsinden
bilesen yildiz yarigaplar1 (kesirsel yarigaplar r;, r,), bilesen yildizlarin kesirsel 1s1nim giigleri (L,
L) ve doldurduklar1 espotansiyelli yiizeyler (£2;, £2,) belirlenmis, dolayisiyla bilesen yildizlarin
bicimleri, biiyiikliikleri, ¢ekim alanlar ve kiitleleri hakkinda bilgi elde edilmistir. Bu ¢aligma i¢in
secilmig sistemlerin literatiirde yer alan dikine hiz egrileri ile es zamanlh ¢6ziim tretildiginden,

bilesen yildizlarin salt boyutlar1 olarak; kiitleleri M;, M, [Mg], yarigaplart R;, R, [R@], 151n1m
giicleri L;, L, [L@], ylizey ¢ekim ivmeleri logg;, logg, [cgs], mutlak bolometrik parlakliklart
Mooi,1 , Mnol2 [kadir] ve bilesenler arasi uzaklik a [Rg] degerleri de ilk kez elde edilmis

durumdadar.

IV. Analiz ve Bulgular

Proje kapsaminda yapilan analizler ve elde edilen bulgular, {izerinde calisilan 6rten ¢ift yildizlar

bazinda asagida verilmistir:

a) V776 Cas Sistemi:

UBV bandlarinda elde edilen 151k egrileri Djurasevic yontemi ile analiz
edilmistir. Analiz sirasinda Rucinski vd.’nin (2001) dikine hiz egrisi
¢oziimlemesinden elde ettikleri tayfsal kiitle oran1 ve kiitle merkezinin
dikine hiz degeri sabit parametre olarak kullanilmistir. Bir HIPPARCOS
kesfi olan V776 Cas sistemi ADS1485 gorsel cift sisteminin parlak
bilesenidir ve 151k egrilerinde soniik gorsel bilesenin 3. 151k katkis1 s6z
konusudur. V bandinda %10 mertebesinde olan bu etki analiz sirasinda
hesaba katilmistir. Analiz sonucunda V776 Cas’in, ¢g=0.13 degerinde
goreli olarak diigiik kiitle oranina sahip, A-tiirli fazla degen (f ~ %55),
evrimlesmis bir W UMa sistemi oldugu ortaya konmustur. Yandaki

sekilde, elde edilen gozlemler ve analiz sonucu ulasilan model grafik



formatta verilmistir. Sistemin 6n-analiz sonuclar1 Hirvatistan’in Dubrovnik kentinde 20-24 Ekim
2003 tarihleri arasinda diizenlenen “Spectroscopically and Spatially Resolving the Components
of Close Binary Stars” baslikli uluslararasi bir toplantida poster-teblig olarak sunulmus, kesin
analiz sonuglar1 ise SCI tarafindan taranan New Astronomy dergisinde makale olarak
yayinlanmis ve 14. Ulusal Astronomi Kongresi’nde (31 Agustos — 4 Eylil 2004, Erciyes
Universitesi, Kayseri) teblig olarak sunulmustur. Gozlemlere ve analizlere iliskin detaylar ekte

sunulan bu yayinlarda yer almaktadir.

b) V842 Her Sistemi:

V842 Her, 1955 yilinda 151k degisimine sahip oldugu
10 +
ortaya konan ancak kesfinden bu yana iizerinde fazlaca

calisma yapilmadig1 i¢in literatiirde giivenilir fiziksel o8]

0.6

Normalized Light (B)

parametreleri bulunmayan bir W UMa tiirii Orten gift ' <05\

S

sistemdir. Bu proje kapsaminda TUG’da elde edilen 0.4

0.0 0.5 Phase 1.0 15

gbzlemlerinden U bandi verileri ¢ok fazla sagilma

10 +

gosterdiginden analizler sirasinda dikkate alimmamistir. B £

ve V bandi 151k egrileri, Rucinski ve Lu'nun (1999) elde gg 08 T

ettikleri dikine hiz egrileriyle beraber es-zamanli olarak g 06 1 " ocy0s
Wilson-Devinney yontemi ile analiz edilmistir. Analiz ) s ,, * | ”
sirasinda, Rucinski ve Lu’nun dikine hiz egrisi o0 % phase e

V842 Her
Phase 0.75

¢oziimlemesinden elde ettikleri tayfsal kiitle oran1 ve kiitle

merkezinin dikine hiz degeri sabit parametre olarak ¢

kullanilmigtir. Sistemin B ve V bandi 151k egrilerinde

izlenen O’Connell etkisi (0.25 ydriinge evresi civarindaki

10 08 06 04 02 00 02 04 06 08 L
nate

birinci max. daha yiiksek) biiyiik kiitleli bilesen tizerinde sy eoores
yer alan ve ¢evresine gore daha soguk olan bir leke ile basarili bir sekilde modellenebilmistir.
Buna gore V842 Her’in marjinal degmeye sahip (f ~ %25) W-tiirii bir W UMa sistemi oldugu
ortaya konmustur. Yukaridaki sekilde, elde edilen gozlemler ve analiz sonucu ulasilan model
grafik formatta verilmistir. Sistemin On-analiz sonuglart Hirvatistan’in Dubrovnik kentinde 20-
24 Ekim 2003 tarihleri arasinda diizenlenen “Spectroscopically and Spatially Resolving the
Components of Close Binary Stars” baslikli uluslararasi toplantida poster-teblig olarak, 14.
Ulusal Astronomi Kongresi’nde (31 Agustos — 4 Eyliil 2004, Erciyes Universitesi, Kayseri) ise
teblig olarak sunulmustur (bkz. Ekler). Sistemin donem degisimi gosterdigine iliskin literatiirde

celigkili agiklamalar bulunmaktadir. Bu nedenle yeni minimum zamani elde etmek iizere sistem
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2004 yili igerisinde Ankara Universitesi Gézlemevi’nde de gdzlenmis ve iki adet yeni minimum
zamani daha elde edilmistir. Literatiirdeki mevcut tiim minimum zamanlari, yeni elde edilen bu
minimum zamanlari ile beraber sistemin O-C diyagraminda degerlendirilmis ve sistemin 12.4 yil
donemli c¢evrimsel bir donem degisimine sahip oldugu ilk kez ortaya c¢ikarimistir. Sistemin
doneminde izlenen bu ¢evrimsel degisim, sisteme fiziksel olarak bagli 3. bir bilesenin yarattigi
1sik-zaman etkisi ve ana bilesenin c¢evrimsel yapili manyetik alan degisimi acisindan
irdelenmistir. Sistemin 151k egrisi ve donem analizini iceren kapsamli bir makale SCI tarafindan
taranan Astronomische Nachrichten dergisinde yayinlanmistir. Gézlemlere ve analizlere iligkin

tiim detaylar ekte verilen bu yayinda yer almaktadir.

¢) SW Lac Sistemi:

W UMa tiirii orten ¢ift SW Lac sezonluk 1s1k egrileri arasinda izlenen hizli asimetri
degisimleriyle (degisken yapili O’Connell etkisi) dikkat ¢eken bir sistemdir. Sistem, Ankara
Universitesi Gozlemevi’nde grubumuz tarafindan uzun siireli fotometrik takibe almmuistir.
Gozlemevimizde 2001-2003 yillar1 arasinda elde edilen 3 sezonluk gozlemlere dayali 151k
egrilerinin analizi sistemin bilesenlerinin ylizey parlaklik dagiliminin goreli olarak hizli bir
degisim igerisinde oldugunu ortaya c¢ikarmistir (bkz. Albayrak vd., 2004). Bilesenler {izerinde
yer alan Giines benzeri soguk lekeler ve bunlarin zaman igerisinde gosterdikleri degisimlerle
basarili olarak modellenebilen bu olgu daha uzun zaman araliklarina dagilmis gézlemlerle takip
etmeye deger bir olaydir. Bu baglamda sistemin 2004 ve 2005 gozlem sezonlarinda da Ankara
Universitesi Gozlemevi'nde B ve V bantlarinda 151k egrileri tamamlanmis ve hizli degisim

olgusunun devam ettigi goriilmiistiir. Grubumuz bu .,

-0.600

sistemin Onlimiizdeki birka¢ gbézlem sezonu boyunca

-0.400

fotometrik olarak takip edilmesi ve uzun soluklu bir

-0.200

calisma sonucunda cevrimli manyetik alan olgusuna °| j

. . 0200 35 £ ‘“:‘. A
dogrudan bir delil bulma amacindadir. Bu nedenle bu H SWLac (2004) ’ g

0.400 &

proje siliresince SW Lac sistemi i¢in her gozlem o

sezonunda tam bir 151k egrisi elde etmekten Ote bir

gayretimiz olmayacagi 1. ara raporda belirtilmisti. Bu o

e %
anlamda projemiz kapsaminda SW Lac icin hedeflenen gggﬁ ,mj%‘%% (gs%%‘o%

o Jhan W ® g » %
calisma tamamlanmistir. 2004 ve 2005 yillarina ait elde  «x g’%‘ﬁ‘ “%% 7 " ™
edilen 151k egrileri yandaki sekillerde yer almaktadir. &5 / "f@; %
2005 yili 151k egrisinin II. Max evreleri kotii hava o " s
kosullar1 nedeniyle ne yazik ki tamamlanamamigtir.
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d) ET Leo Sistemi:

Bir HIPPARCOS kesfi olan ET Leo’nun B ve V bandi 151k egrileri, Rucinski vd.’nin (2002) elde
ettikleri dikine hiz egrileriyle beraber es-zamanli olarak Wilson-Devinney yontemi ile analiz
edilmistir. Analiz sirasinda, Rucinski vd.’nin (2002) dikine hiz egrisi ¢oziimlemesinden elde
ettikleri tayfsal kiitle oranmi ve kiitle merkezi dikine hiz degeri sabit parametre olarak
kullanilmstir. Sistemin B ve V bandi 151k egrilerinde izlenen O’Connell etkisi (0.75 y0riinge
evresi civarindaki ikinci max. daha yiiksek) biiytik kiitleli bilesen {izerinde yer alan ve ¢evresine
gore daha soguk olan bir leke ile basarili bir sekilde modellenebilmistir. Buna gore ET Leo’nun
marjinal degmeye sahip W-tiirii bir W UMa sistemi oldugu ortaya konmustur. ET Leo, 151k

degisim genligi goreli olarak oldukga diisiik bir 151k egrisine sahiptir. Analiz sonucu ortaya ¢ikan

1.05 L05
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E 085
=
g 050
8
085
0.80 080
020 030 040 050 060 070 080 095 100 LI10 120 130 140 150 1.60 020 030 040 050 060 070 080 090 100 1.10 120 130 140 150 1.60
o o
% % % ». Al
0-C 000 WWMWM— 0.C 000 Y
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phase

diisiik yoriinge egim agis1 (i ~ 43°) bu gozlemsel olguyu destekler niteliktedir ve sistemin 151k
degisimine temel katkinin 6rtme/0rtiilme olaylarindan ziyade yakinlik etkilerinden kaynaklandigi
ortaya ¢ikmistir. Yukaridaki sekillerde, B ve ¥ bandi 151k egrileri, analiz sonucu bunlara yapilan
model fitleri ve fitlerden olan artiklar grafik formatta verilmistir. Sistemin analiz sonuglari
Hirvatistan’in  Dubrovnik kentinde 20-24 Ekim 2003 tarihleri arasinda diizenlenen
“Spectroscopically and Spatially Resolving the Components of Close Binary Stars” baslikli
uluslararasi toplantida poster-teblig olarak sunulmustur. Gézlemlere ve analizlere iligskin detaylar
bu sunuma iliskin ilgili tebligler kitabinda basilan ve ekte de verilen poster metinde yer

almaktadir.

¢) BB Peg Sistemi:

BB Peg sisteminin 2004 yilinda elde edilen B, V' ve R band1 1s1k egrileri, Lu ve Rucinski’nin
(1999) elde ettikleri dikine hiz egrileriyle beraber es-zamanli olarak Wilson-Devinney yontemi
ile analiz edilmistir. Analiz sirasinda, Lu ve Rucinski’nin (1999) dikine hiz egrisi
coziimlemesinden elde ettikleri tayfsal kiitle oram1 ve kiitle merkezi dikine hiz degeri sabit
parametre olarak kullanilmistir. Sistemin B, V' ve R bandi 151k egrilerinde izlenen O’Connell

etkisi (0.25 ydriinge evresi civarindaki birinci max. daha yiiksek) biiytik kiitleli bilesen {izerinde
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yer alan ve gevresine gore daha soguk olan bir leke ile basarili bir

sekilde modellenebilmistir. Buna gére BB Peg’in marjinal degmeye

sahip W-tiirii bir W UMa sistemi oldugu ortaya konmustur. Yandaki

sekilde, elde edilen 2004 yili gbézlemleri ve analiz sonucu ulagilan

model grafik formatta verilmistir. Sistemin yoriinge doneminin
degisim gosterdigi literatiirde yer alan bir kac¢ calismada ifade

edilmistir (Cerruti-Sola ve Scaltriti 1980, Awadalla 1988, Qian 2001).

Bu nedenle elde edilen yeni minimum zamanlari, literatiirdeki mevcut

tim minimum zamanlar1 ile beraber sistemin O-C diyagraminda

degerlendirilmis ve sistemin yaklasik 21 yil donemli ¢evrimsel bir

dénem degisimine sahip oldugu ortaya konmustur. Ancak diger
literatiir c¢aligmalarinda O-C diyagraminda var oldugu oOnerilen
parabolik degisimin yer almadigir goriilmiistiir. Sistemin doneminde
izlenen bu c¢evrimsel degisim, sisteme fiziksel olarak baglh 3. bir
bilesenin yarattig1 1sik-zaman etkisi agisindan irdelenmis ve ilave bilesene iliskin fiziksel
parametreler belirlenmistir. Sistemin 2004 y1l1 verilerine dayali 151k egrisi ve donem analizlerine
iligkin On-analiz sonuglar1 14. Ulusal Astronomi Kongresi’'nde (31 Agustos — 4 Eyliil 2004,
Erciyes Universitesi, Kayseri) poster olarak sunulmustur. 2004 gézlemleri ve analizlerine iliskin
tiim detaylar ekte verilen ilgili poster metninde yer almaktadir. Sistemin gézlemlerine 2005 yili
icerisinde de devam edilmis ve bu sezona ait 151k egrileri heniliz tamamlanmistir. Asagidaki

sekilde 2005 gozlemlerinden iiretilen 151k egrileri

verilmistir. 2005 yili 151k egrilerinin analizi ve
sistemin ge¢cmise doniik 11k egrileri ile beraber
irdelenmesi, su anda bolimiimiiz lisans {sti

ogrencilerinden Cem Cetintag’in Yiiksek Lisans

Tezi kapsaminda siirdiiriilmektedir ve 2005-2006 7,.;" BB Peg ""‘a’ . V4015 N

154

giliz donemi sonu itibariyle sonuclandirilarak SCI

kapsaminda bir yayina doniistiirtilecektir. Evre

f) V351 Peg Sistemi:
V351 Peg sisteminin Johnson BVR filtrelerinde, TUG’da elde edilen gdzlemlerine iliskin 151k
egrileri Djurasevic yontemi ile analiz edilmistir. Analiz sirasinda, Rucinski vd.’nin (2001) dikine

hiz egrisi ¢oziimlemesinden elde ettikleri tayfsal kiitle oram1 ve kiitle merkezinin dikine hiz
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degeri sabit parametre olarak kullanilmustir. «usive

Analiz sonucunda, bir HIPPARCOS kesfi olan ,s"’h\l / I\“-.__I j»"ﬂ .*'/\‘-. / “\\1 _,"A
V351 Peg’in, tipik A-tiirii, ancak heniiz fazla ;‘/ o \/ | \'v‘; . "; o .\JI ..... "\‘Vf
evrimlesmemis (f ~ %21) W UMa tiirii bir ' ' ' r
sistem oldugu ortaya konmustur. Yandaki " 1 g e e - .
sekilde, elde edilen gozlemler ve analiz sonucu ”_,..fr'\‘ r,/ -\\,_\ ;_,.ffhl

ulagilan model grafik formatta verilmistir. - /T V= V f;
Bilesenlerin kiitleleri arasinda oldukca yiiksek \___/

bir fark olmasina karsin yiizey sicakliklarinda
izlenen diisiik fark (AT ~ 21 K), sistemi saran ortak zarf boyunca 1sinin oldukea iyi bir sekilde
dagitildiginin (1s1sal degme) bir gostergesidir. Bu ise bilesenler arasi gii¢lii bir enerji transferinin
varligini gerektirmektedir. Isik egrisinin kollarinda izlenen hafif asimetrinin, ancak kiiciik kiitleli
bilesen yiizeyinde ve bilesenleri birbirine birlestiren boyun bolgesi civarinda bir sicak leke ile
modellenebiliyor olmasi da bu fikri destekler niteliktedir. Sistemin On-analiz sonuglar1 Cek
Cumhuriyeti’nin Litomsyl kentinde 31 Mart-3 Nisan 2004 tarihleri arasinda diizenlenen “Zdenek
Kopal’s Binary Star Legacy” baslikli uluslararasi toplantida poster-teblig olarak sunulmus ve bu
toplantinin tebliglerinin basildig1 dergi geregi, SCI tarafindan taranan bir dergide yayina
dontigmiistiir. Kesin analiz sonuglar1 ise SCI tarafindan taranan New Astronomy dergisinde
makale olarak yayimlanmis ve 14. Ulusal Astronomi Kongresi’nde (31 Agustos — 4 Eyliil 2004,
Erciyes Universitesi, Kayseri) teblig olarak sunulmustur. Gézlemlere ve analizlere iliskin tiim

detaylar ekte verilen bu yayinlarda yer almaktadir.

g) II UMa Sistemi:

Bir HIPPARCOS kesfi olan II UMa, projemiz i¢in belirledigimiz orten ¢iftler arasinda en uzun
yoriinge donemine sahip olan, ilgi ¢ekici bir degen ¢ift sistemdir (P, = 0.825 giin). Nisan 2003
tarihinde TUG’da aldigimiz gozlem zamani igerisinde, yarisi civarinda yoriinge donemine sahip

HX UMa sistemi ile beraber gozlenmesi

-1.2
amaglanmustir. Ancak ilgili gozlem 4, | °" iy i it
- | R, U 4
zamanimizda kisith sayidaki acik geceler bizi, ™ S v 4 W A, <
| st ] S\ e Fe
II UMa yerine daha kisa yOriinge donemine W N Pl :a,,ﬁ:.._;;
sahip HX UMa’nin 1s1k egrisini tamamlamaya 7 ’W;}‘: %M‘% s A w“’f:"

.. . 0671 F v . L
yoneltmistir. ~ Dolaywsiyla I UMa'nm | & 000 5
gozlemleri 2003 yili icinde 04 — ‘

0.00 0.25 0.50 0.75 1.00 1.25
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tamamlanamamustir. 2004 yilinde TUG’a verilen gozlem projesi kapsaminda tahsis edilen
gecelerde ise kotii hava kosullar1 nedeniyle gézlemi yapilamamustir. Sistemin gdzlemleri, ancak
2005 yil1 Nisan-Haziran gézlem déneminde TUG tarafindan projemize tahsis edilen gecelerde
tamamlanabilmistir. Yukaridaki sekilde Johnson B, V' ve R bandlarinda elde edilen 151k egrileri
goriilmektedir. Su anda 151k egrisi analiz islemleri siirmektedir. Analiz i¢gin Wilson-Devinney
yontemi kullanilmaktadir. Analizler sirasinda Rucinski vd.’nin (2002) dikine hiz egrisi
coziimlemesinden elde ettikleri tayfsal kiitle oran1 ve kiitle merkezinin dikine hiz degeri sabit
parametre olarak kullanilmaktadir. II UMa sistemi, ADS 8594 (CCDM J12329+5448) gorsel
ciftinin parlak bilesenidir ve gorsel ¢iftler aras1 agisal uzaklik 0”.87 dir. Aralarindaki parlaklik
farki ise V' bandinda 1.92 kadirdir. Sistem i¢in elde ettigimiz 151k egrileri, goreli olarak yakin
olan gorsel bileseninin 1s1gindan etkilenmis durumdadir. Dolayisiyla analizler sirasinda 3. 151k
katkis1 da goz Oniline alinmaktadir. Yapilan On-analizler sonucu sistemin A-tiirii, tam tutulma
gosteren ve goreli olarak uzun yoriinge donemine sahip ilgi ¢ekici bir W UMa yildiz1 oldugu
ortaya ¢ikmistir. Bu tiir ekstrem oOrnekler, ilgili yildizlara iliskin kalibrasyonlarin belirsiz kalan
bolgelerine 151k tutmalari agisindan ¢ok 6nemlidir. Isik egrisi analizleri sonuglanmak {izeredir ve

elde edilen bulgular SCI kapsaminda bir dergide yayinlanacaktir.

h) HX UMa Sistemi:
Bir baska HIPPARCOS kesfi olan HX UMa’nin 1s1k
egrileri, Johnson U, B ve V bandlarinda TUG’da elde

edilen gozlemlerden tamamlanmistir,. HX UMa’nin

g

soniik ve goreli olarak kendisine yakin bir gorsel

bilesene de sahip oldugu HIPPARCOS uydusu

o
=
=

NORMALIZED LIGHT

o
2

g

gbzlemleri ile kesfedilmistir. Sistemin elde edilen 151k

egrilerinde bu yakin bilesenin 3. 151k katkist meveuttur.  “0 o vn on e i n e

Gorsel bilesenin ikili sistemden olan parlaklik farki, V' 7 o

bandinda, Rucinski vd. (2003) tarafindan belirlenmistir. Eﬂ

250

Bu deger kullanilarak V" bandina elde edilen 3. 1tk ™ 7 w7
parametresi ile sistemin ilk yoriinge ¢oziim iglemleri Wichmann tarafindan gelistirilen Nightfall
151k egrisi analiz programinda (Wichmann 1998) gerceklestirilmis ve diger fotometrik
bandlardaki 3. 151k katki oranlar1 belirlenmistir. Nightfall 1s1k egrisi analiz programi tigiincii 151k
parametresini ¢ozlimlenebilir bir parametre olarak dikkate almaktadir ancak sonug
parametrelerin belirleme hatalarini vermemektedir. Bu nedenle sonuca yonelik analizler

Nightfall ¢oziimiinden elde edilen 3. 151k katki oranlar1 sabit kullanilarak, Wilson-Devinney 151k
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egrisi analiz programi ile yapilmistir. Her iki yontemle yapilan analizlerde Rucinski vd.’nin
(2003) dikine hiz egrisi ¢coziimlemesinden elde ettikleri tayfsal kiitle orani ile kiitle merkezinin
dikine hiz degeri sabit parametre olarak kullanilmis ve dikine hiz egrileri ile es-zamanli ¢6ziim
yapilmistir. Yukaridaki sekilde, elde edilen gozlemler ve analiz sonucu ulasilan model grafik
formatta verilmistir. Analiz sonuglart HX UMa sisteminin olduk¢a yiliksek degme derecesine
sahip ('~ %59), A-tiirii bir degen cift oldugunu ortaya koymustur. Sistemin analiz sonuglar1 Cek
Cumhuriyeti’nin Litomsyl kentinde 31 Mart-3 Nisan 2004 tarihleri arasinda diizenlenen “Zdenek
Kopal’s Binary Star Legacy” baslikli uluslararasi toplantida poster-teblig olarak sunulmus ve bu
toplantinin tebliglerinin basildigi dergi geregi, SCI tarafindan taranan bir dergide yayina
dontismiistiir. Gozlemlere ve analizlere iligkin tiim detaylar ekte sunulan bu yayinda yer

almaktadir.

V. Sonug ve Oneriler

Projemizin amacina uygun olarak, yeni kesfedilmis ancak heniiz yoriinge analizleri yapilmadig:
icin detayl karakteristikleri ortaya konamamis yedi adet W UMa tiirii 6rten ¢ift yildizin, Johnson
UBVR filtrelerinde ¢ok renk 151k 6l¢iim gozlemleri tamamlanarak, bu gézlemlerden olusturulan
151k egrileri ileri tekniklerle analiz edilmis ve sistemlerin fiziksel 6zellikleri ilk kez detayli olarak
ortaya konmustur. Yoriinge analizleri sirasinda es-zamanl 151k ve dikine hiz egrisi ¢oziimleri
yapildigindan ele alinan sistemlerin mutlak boyutlarin da belirlenmistir. Proje ¢alismasina konu
olan tiirden Orten ¢ift y1ldiz sistemleri hakkindaki istatistik genellemeler, kalibrasyonlar ve evrim
modelleri; giivenirlilik derecelerinin artabilmesi i¢in fiziksel Ozellikleri iyi bilinen Ornek
sistemlerin sayica artisina siddetle ihtiya¢ duymaktadir. Dolayisiyla bu ¢aligma ile literatiirde
ihtiya¢ duyulan bu veri gereksinimine de belli oranda katkida bulunulmustur. Proje kapsaminda
yer alan SW Lac sistemi ise uzun donemli 151k degisimi takibine alinmis ve iki gdzlem sezonuna
ait 151k egrileri tamamlanarak, proje siiresince amaglanan veri toplama isi tamamlanmistir. Bu
yildiz i¢in Oniimiizdeki bir ka¢ gozlem sezonunda, yeni 151k egrileri elde edilerek, manyetik
etkinlik kokenli hizl1 degiskenlik gdsteren yiizey parlaklik dagilimi detayli olarak incelenecektir.
Isik egrileri 6zdes karakterler gosteren ve bu projeye konu olan BB Peg ve V842 Her sistemleri
icin de benzer uzun soluklu calismalara devam edilecektir. Bu c¢alismalar W UMa tiiri
sistemlerde fotosferik ve kromosferik aktivitenin 6zelliklerinin belirlenmesi agisindan énemlidir
ve yine gozlemsel olarak uzun zaman araliklarinda takip edilmis Ornek sayisinin artmasina
ihtiya¢c duymaktadir. Projemiz kapsaminda yiitiiriilen ¢alismalarda, tayfsal gozlemler ve

bunlardan {iretilen verilerin ne kadar 6nemli oldugu agiktir. Grubumuz bu anlamda kendi
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gozlemsel verisini liretmek ve disa bagimliliktan kurtulmak iizere bir alt yapi calismasi
baslatmistir. Bu yapilanmanin, TUG’ da kullanima girmek tlizere bulunan tayf ¢ekerlerin gozlem
projeleri icin gilincel ve yenilik¢i konular liretmek ve bu alanda geng arastirmaci yetigtirmek

acisindan biiyiik 6nem tagidigina inaniyoruz.
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VII. Ekler

a) Mali Bilanco ve Aciklamalari:

Projeye tahsis edilen biitge rakami toplamda 4,048.00 YTL (4,048,000,000 TL.) dir. Bu kaynak
kullanilarak, “600 Makina ve Techizat” faslindan 1 adet Dente CL56-15 diziistii bilgisayar, “400
Tiiketim Mal ve Malzemeleri” faslindan ise 100 adet yazilabilir CD, 4 adet HP C6615D siyah
miirekkepli yazici kartusu, 3 adet HP C3903A lazer yazici toner kartusu ve 50 top A4 fotokopi
kagidi alinmistir. Her iki fasildan temin edilen techizat ve malzemeler proje Onerisinde One

stiriilen gerekcgeleri dogrultusunda proje dahilindeki islerde kullanilmustir.

b) Makine ve Techizatin Konumu ve Ilerideki Kullammina Dair Aciklamalar:

Projeye tahsis edilen biitge kapsaminda “600 Makina ve Techizat” faslindan alinan ve Ankara
Universitesi Bilgi Islem Dairesi Baskanligi’'nda A00007905B no ile kayith bulunan diziistii
bilgisayar, projenin her asamasinda (ilgili gozlemevlerinde gozlemler sirasinda, ulusal ve
uluslararas1 toplantilarda sunumlar sirasinda ve veri analizi - yayin asamalarinda) proje
calisanlan tarafindan etkin sekilde kullanilmis ve 6nemli kolayliklar saglamistir. Sonug ve
Oneriler boliimiinde de ifade edildigi gibi ¢alisma grubumuz bu ve buna benzer ¢alismalari
sirdiirmektedir ve siirdiirecektir. Dolayisiyla bu tiir ¢caligmalarin ayrilmaz bir pargasi haline

gelen ilgili techizat etkin olarak kullanilmaya devam edilecektir.
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A Photometric Study of the Recently Discovered Eclipsing
Binary V776 Cassiopeiae

A. Elmash!, T. Tanriverdi', B. Albayrak!, S. O. Selam', and
G. Djurasevi¢?

U Ankara University, Faculty of Science, Dept. of Astronomy and Space
Sciences, 06100 Tandogan, Ankara, Turkey, 2 Astron. Obs., Belgrade,
Serbia & Monte Negro and Isaac Newton Institute of Chile, Yug. branch

Abstract.  Photoelectric U, B, and V' light curves of the recently discovered
eclipsing binary V776 Cas were analyzed to determine the preliminary physi-
cal parameters of the system by using the Djurasevié’s (1992a) inverse-problem
method. The light curves which have an amplitude of about 015 were obtained
at the TUBITAK National Observatory (TUG) between 8 and 9 October 2002.
The analysis yields an A-type contact binary as a high overcontact configuration.
Due to the proximity of its visual companion the light curves were contaminated
by the third-light effect which has a relatively small influence on the estimation
of the system parameters.

1. Introduction

V776 Cas (HIP 8821) was discovered as an eclipsing binary by the Hipparcos
Astrometry Satellite (ESA 1997). The system has a spectral type of FO and an
amplitude of 0™147 ranging from 87943 to 9090 in V band, and also almost
equal depth of primary and secondary eclipses (ESA 1997). The first ground-
based photometric light curve of the system was obtained by Gomez-Forrellad
et al. (1999). The light curve shows that the primary minimum is the deeper
one by an amount of 0™19 while the depth of secondary is 0™137. Rucinski, Lu,
& Mochnacki (2001) presented spectroscopic observations and radial velocity
curves yielding ¢ = 0.130(4). They pointed out that the spectral type of the
system is F2 V and belongs to the A sub-class of W UMa configuration. V776
Cas is the brighter member of the visual binary ADS1485. The companion,
at separation of 5738, is 2™ fainter than the contact binary. The photometric
elements of the system have not been published yet. Thus, we observed and
analyzed V776 Cas.

2. Observations and Light Curve Analysis

New observations of V776 Cas in U, B, and V filters were obtained at the
TUBITAK National Observatory (TUG) on 8™ and 9*" of October 2002, by
using a SSP-5 photometer attached to a 0.4m Cassegrain telescope. The com-
parison and check stars are BD+69°0118 and BD+69°0122, respectively. A
total of 182 observations were secured during the observations in each filter.
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Figure 1. A comparison between the V light curves of V776 Cas with and
without third light.

The probable error of a single observation point was estimated to be 40.017,
+0.005, and +0.007 in U, B, and V colours, respectively.

To estimate the parameters of V776 Cas, we used Djurasevi¢’s (1992b) pro-
gramme generalised to the case of an overcontact configuration (Djurasevié¢ et al.
1998). The programme is based on the Roche model and the principles arising
from the paper by Wilson & Devinney (1971). The light-curve analysis was made
by applying the inverse-problem method (Djurasevi¢ 1992a). The observed and
theoritical light curves are shown in Figure 1. The non-linear limb-darkening
coefficients were taken from Claret’s (2000) table. Due to its close proximity
the visual companion could not be excluded in the diaphragm during the ob-
servations and therefore our photometric measurements were contaminated by
the third light. Rucinski et al. (2001) were able to avoid this visual companion
during the radial velocity observations of the system. Although they observed
separately the radial velocity of the visual companion on two occasions they did
not calculate the third light parameter Ls. We were able to calculate L3 only
in V band from the published magnitudes of the visual components from two
different sources, as L3=0.136 from Hipparcos Double and Multiple Stars Annex
(ESA 1997) and as Lz = 0.091 from the second edition of the CCDM Catalogue
(Dommanget & Nys 2002). Separate light curve solutions have been obtained
with these two Lg values in the V band and they are listed together with the
other solutions in Table 1.

3. Conclusion

The U, B, and V light curves of V776 Cas were analysed with the Djurasevi¢’s
(1992a) code. The orbital inclination, temperature of the cooler component,
fractional radii, and the filling factor for the critical Roche lobe of the component
stars of the system were derived. The results describe the V776 Cas system as
a high overcontact configuration with relatively small temperature differences
between the components. The third light contribution (coming from the visual
companion) to the total light of the system is relatively small. Therefore, it
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Table 1.  The preliminary photometric solution of V776 Cas.

Parameters U band B band V band V band V band
L3 =0.000 L3=0.091 L3=0.136
qg=mc/my 0.13 0.13 0.13 0.13 0.13
) 53.9 + 0.4 54.0 £ 0.2 53.6 £0.2 54.74+0.2 5584+ 0.2
T, (K) 6890 6890 6890 6890 6890
T. (K 6654 £ 90 6544 £49 6610 =50 6616 &+ 48 6620 + 46
Qn,e) 2.0149 2.0111 2.0129 2.0013 1.9984
fover %] 38.81 43.29 41.18 54.96 58.39
Lh/L(h7c73 0.875 0.881 0.872 0.790 0.748
(0 -0C) 0.0457 0.0138 0.0093 0.0092 0.0093
Rh(RQ) 1.71 £ 0.02 1.73 1.73
RC(R@) 0.71 4+ 0.02 0.73 0.74
Mh(MQ) 1.63 £ 0.02 1.63 1.63
M.(Mg) 0.21 4+ 0.02 0.21 0.21

has not a serious impact in the estimation of basic system parameters. The
existence of the third light is reflected above all in the estimation of the degree

of overcontact and in the orbit inclination of the system.
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Abstract.  Photoelectric B and V light curves of the neglected eclipsing bi-
nary V842 Her were studied to determine the physical parameters of the system.
The observations of the binary system were made at the TUBITAK National
Observatory (TUG) during the nights of 3rd and 4th July, 2003. The light
curves exhibit the so-called O’Connell effect which the level of the primary max-
ima being higher than that of the secondary ones in both pass-bands. The new
light curves and the radial velocity curves (Rucinski & Lu 1999) were analysed
simultaneously using the WD-code. The analysis yields a W-type contact binary
that the larger, more massive component being slightly cooler than the smaller,
less massive one. The O’Connell effect in the light curves is explained in terms
of a dark-spot located on the more massive component.

1. Introduction

The variability of V842 Her (BD+50°2255) was discovered by Geyer et al. (1955)
on photographic plates. It was classified as RR Lyrae-type by Filatov (1960) but,
later identified as W UMa-type by Vandenbroere (1993) and confirmed by other
authors (Nomen-Torres & Garcia-Melendo 1996; Diethelm 1994). Vandenbroere
(1993) indicated that V842 Her shows spot activity. Nomen-Torres & Garcia-
Melendo (1996) computed a preliminary model of the system by using Binary
Maker 2.0 and pointed out that the O’Connell effect and asymmetries in the
light curve were due to a hot spot located on the secondary component. The
first radial velocity curve was obtained by Rucinski & Lu (1999) and the mass
ratio of the system was found to be 3.852. Csizimadia (2001) studied the period
variation and stated that the period of the system has been constant over the
last decade.

2. Observations

The new observations in B and V filters of V842 Her were obtained at the
TUBITAK National Observatory on 3rd and 4th July, 2003 by using a SSP-
5A photometer attached to a 0.4m Cassegrain telescope. GSC 03497-0031 and
GSC 03497-0349 were chosen as comparison and check stars, respectively. The
observations in B and V' band are shown in Figure 1 .
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Figure 1.  The new light curves of V842 Her in B and V' band.
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Figure 2. The normalized light curves with WD fit and the O-C residuals.

3. Light Curve Analysis

The light and the radial velocity curves were analyzed simultaneously by using
the last version of WD-code (Wilson & Devinney 1971). The observed and the
theoretical light curves are shown in Figure 2. The O-C differences between the
observed and calculated points are also given in the figures.

The temperature of the primary star 77, was adopted from Popper’s (1980)
effective temperature calibration table according to the spectral type (FIV)
which was derived by Rucinski & Lu (1999). The solution used the adopted
mass ratio from Rucinski & Lu (1999). The linear limb-darkening coefficients
were interpolated from the work by Van Hamme (1993). The gravity darkening
coefficients (g7 = g2 = 0.32) and the bolometric albedos (A; = A = 0.5)
were adopted for the stars with convective envelopes. The Binary Maker 2.0
program was used to obtain the preliminary parameters for the system. Once
an approximate fit was obtained, the DC program was used to derive the final
solution.

During the solution the adjusted parameters were the orbital inclination ¢,
the mean temperature of the secondary star T, the potential of the components
2y and Q9, and the monochromatic luminosity of the primary star L; (the Planck
function is used to compute the luminosity). The results of the photometric
solution are given in Table 1.
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4. Conclusion

The V and B light curves of V842 Her were analyzed by the Wilson-Devinney
code. The orbital inclination, temperature of the cooler component and frac-
tional radii of the components of the system were derived. The analysis yields
that the more massive component is about 340 K cooler than the less massive
one due to a dark-spot located on the more massive component. The results
indicate that V842 Her is a W-type W UMa binary where the primary eclipse
is occultation and the secondary one is transit.

Table 1.  The photometric solution of V842 Her.

Parameters B band error V band error
q =ma/my 3.854 3.854

1 77739 £ 074 77.739 £ 0.74
T (K) 5700 5700

Ty (K) 5362 +£20 5362  +£20
Q1 =Q 7.566 + 0.02  7.566 + 0.02
Ly/(Li+ Lg) 0.312 + 0.006 0.291 + 0.005
Lo/(L1+ Lg) 0.688 0.709

r1(pole) 0.261 0.261

71 (side) 0.273 0.273

r1(back) 0.314 0.314

r2(pole) 0.476 0.476

ro(side) 0.517 0.517

r2(back) 0.544 0.544

2(0-C)?  0.2479
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Abstract.  New photoelectric B and V band light curves of the contact binary
ET Leonis were studied to determine the physical parameters of the system. The
observations were obtained at TUBITAK National Observatory (TUG) on con-
secutive nights in March 2003. The light curves exhibit the so-called O’Connell
effect with the level of the second maxima being higher than that of the first
in both bands. The amplitudes of the light curves are very small, indicating
a relatively low orbital inclination angle. The new light curves and the radial
velocity curve were analysed simultaneously using the last version of the Wilson-
Devinney Code (WD-2003). The analysis yields a W-type W UMa system viewed
at a very low orbital inclination angle.

1. Introduction

ET Leonis (HIP 51677, HD 91386, BD+18°2374) was listed as an unknown type
of variable with 0.1732510 days of period in Hipparcos Catalogue and its bright-
ness vary 975494 to 9721 in the V-band (ESA 1997). Then it was classified as
an EW-type system in the 74" Special Name-List of Variable Stars (Kazarovets
et al. 1997). ET Leo was also mentioned by Duerbeck (1997) among the can-
didates of possible low-amplitude EW-type binaries. Rucinski et al. (2002) ob-
tained the radial velocity curves of the both components and determined the
spectroscopic mass ratio of the system as g = 2.92. They estimated the spectral
type of the system as G8V, which appears to be late relative to the TYC2 colour
index; B —V = 0.61. By using this color index and the My vs. (B — V) cal-
ibration for contact binaries (Rucinski & Duerbeck 1997), they also estimated
the calibrated absolute magnitude of the system as My (cal)=4™01. This value
is converted by using the My vs. (sp-type) calibration of Straizys & Kuriliene
(1981) and the spectral type of the system is estimated as F8V. This value also
confirms our final results.

2. Observations

ET Leo was observed in B and V pass-bands at TUG on two consecutive nights
in March of 2003, by using a SSP5 photometer attached to the 0.4m Cassegrain
telescope. HD 91149 and HD 91395 used as comparison and check stars, respec-
tively. The observed B, V light curves of the system are plotted in Fig. 1. The
depth of primary and secondary minima are almost equal and the level of max
IT at phase 0.75 is higher than that of max I at phase 0.25 in both pass-bands.
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Figure 1.  The normalized light curves, WD-fit and the O-C residuals.

3. Light Curve Analysis and Results

During the light curve analysis the last version of WD-code (WD-2003) was
used. We fixed the primary component temperature to 77 = 6500 K according
to the spectral type of the system obtained from the My vs. Sp-type calibration
by Straizys & Kuriliene (1981). Other fixed parameters were ¢, A1, Ag, x1, x2, g1,
and go. The mass ratio ¢ were fixed to the spectroscopially determined value by
Rucinski et al. (2002) as ¢ = 2.92. Bolometric albedos of the components were
assumed as A; = Ao = 0.5 and gravity darkening coefficients g1 = go = 0.32,
for stars with convective envelopes. Limb darkening coefficients were taken from
Van Hamme (1993). The adjustable parameters are the orbital inclination ¢, the
mean temperature of the secondary star, 75, the potential of the components
Q = Q1 = Oy, and the monochromatic luminosity of the primary star, L; (the
Planck function is used to compute the luminosity). After several runs we get
the best fitting model in mode 3. Finally the converged solutions were found
with a dark spot on the more massive component. The parameters of the best
fit are given in Table 1.

The analysis of the light curves show that the temperatures difference be-
tween the components is about 400 K. This system appears to be a W-subtype
of W UMa system. Most of the observed variation in the light curve resulted
from the proximity effects such as: ellipsoidal variation, albedo effects, gravity
darkening effects, limb darkening effects and spot effects. Because of the low
inclination angle of the system (i = 42.9°) the geometric effects (i.e., eclipse)
are almost negligible. The best photometric fit was reached by including a dark
spot on the more massive component. The dark-spot is located at latitude 31.3°
and longitude 62°. Its radius is about 32° and temperature factor is 0.98 which
indicates that the spot is 2% cooler than its surrounding photosphere. This so-
lution yields that ET Leo is a W-subtype W UMa-type contact binary which the
slightly hotter and less massive component eclipsed at the primary minimum.
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Contact Binary ET Leo

Table 1.  The photometric solution of ET Leo.

Parameters B band error V band error
q=ma/myq 2.920 2.920

) 42.927  +£0.098  42.927  +0.098
T (K) 6500 6500

T5(K) 6107 +86.62 6107 +86.62
0 =Qy 6.38024 +0.014 6.38024 +0.014
Li/(L1+ Lg) 0.357 +0.0016 0.336 +0.0017
Lo/(L1+ Lg) 0.643 0.664

T 0.637 0.523

To 0.681 0.557

Al = Ay 0.5 0.5

g1 = g2 0.32 0.32

r1(pole) 0.280 0.280

r1(side) 0.293 0.293

r1(back) 0.333 0.333

ro(pole) 0.489 0.489

ro(side) 0.517 0.517

r9(back) 0.518 0.518

¥(0 - C)? 0.2146

References

Duerbeck, H. W. 1997, IBVS, No. 4513

ESA 1997, The Hipparcos and Tycho Catalogues, ESA SP-1200

Kazarovets, E. V., Samus, N. N., Durlewich O. V., et al. 1999, IBVS, No.4659
Rucinski, S. M., & Duerbeck, H. W. 1997, PASP, 109, 1340

Rucinski, S. M., Lu, S. M., Capobianco, C. C., et al. 2002, AJ, 124, 1738
Straizys, V., & Kuriliene, G. 1981, Ap&SS, 80, 253

Van Hamme, W. 1993, AJ, 106, 2096

191



“XIV. Ulusal Astronomi Kongresi” 31 Agustos — 4 Eyliil 2004, Kayseri
Editorler: IKUCUK, F.F.OZEREN ve .YUSIFOV

V776 Cas ve V842 Her Degen Cift Yildizlarinin
Isik Egrisi Analizi
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Ozet: HIPPARCOS uydusu kesfi V776 Cas ve 1955 yilinda kesfedilen ancak ihmal edilmis V842 Her yildizlarinin sirastyla
U, B, V ve B, V bandlart 151k egrileri, sistemlerin fiziksel parametrelerini elde etmek amaciyla Wilson-Devinney ve
Djurasevic’in 151k egrisi analiz programlar1 kullamlarak ¢éziildii. Gézlemler TUBITAK ULUSAL GOZLEMEVi’'nde 8-9
Ekim 2002 ve 3-4 Temmuz 2003 tarihleri arasinda gergeklestirildi. V776 Cas igin varilan sonuglar, sistemin yiiksek degme
oranina sahip A-tiirii bir W UMa oldugunu gostermektedir. V776 Cas ADS 1485 gorsel ¢iftinin bir {iyesi oldugundan, elde
edilen 151k egrileri iiglincii 151k katkisini igermektedir. Analizlerde ticiincii 151k etkisi de dikkate alindi. V842 Her i¢in elde
edilen sonuglara gore sistemde, daha biiyiik kiitleli bilesenin iizerinde bulunan soguk leke nedeniyle daha kiigiik kiitleli
bilesene gore daha soguk goriildiigi tipik bir W-tiiri W UMa oldugunu gostermektedir. Isik egrisindeki O’Connell etkisi,
daha biiytik kiitleli bilesenin {izerinde soguk bir lekenin var olabilecegine isaret etmektedir.

Anahtar kelimeler: Orten degisen cift yildizlar, 151k egrisi analizi, V776 Cas, V842 Her

Abstract: New photometric U, B, V and B, V light curves were obtained for the HIPPARCOS discovery V776 Cas and for
the neglected contact binary V842 Her respectively to determine the physical parameters of the systems by Wilson-Devinney
and Djurasevic’s light curve analysis program. The light curves were obtained at the TUBITAK National Observatory during
the nights October 8 and 9, 2003, July 3 and 4, 2003, respectively. The results for V776 Cas indicate that the system is a A-
type W UMa binary with a high degree of overcontact configuration. Because V776 Cas is the brighter member of the visual
binary ADS 1485, the light curves were contaminated by the third light. So the solutions includes the third light effect. The
light curve solutions of V842 Her indicates that the system is a typical W-type W UMa which the more massive larger
component is slightly cooler than the less massive smaller one due to a cool spot.

Key words: Eclipsing binary stars, Light curve analysis, V776 Cas, V842 Her

1. Giris

V776 Cas (HIP 8821, BD +69 121) HIPPARCOS
Astrometri  Uydusu (ESA, 1997) tarafindan
kesfedilen bir orten ¢ift yildiz sistemidir. Sistem FO
tayf tirtinden ve 87943 den 9™.090 a degisen,
birinci ve ikinci minimum derinlikleri neredeyse
esit olan bir degisim genligine sahiptir (ESA,
1997). Duerbeck (1997), bu yildizin gercek
periyodunun, HIPPARCOS periyodunun iki kati bir
periyoda sahip oldugunu ve diisiik genlikli EW tiirii
bir sistem oldugunu belirtti. Sisteme ait yerden
yapilan ilk gozlemler Gomez-Forrellad vd. (1999)
tarafindan gergeklestirildi. 14 cm’lik bir teleskopla
V bandinda elde ettikleri 151k egrisine gore birinci
minimum derinligi 0™.19 iken ikinci minimum
derinligi 0™.137 dir. Gomez-Forrellad vd, elde
ettikleri diisiik genlikli 151k egrisine gore bu
sistemin marjinal tutulmalara sahip bir ¢ift yildiz

Bildiri tam metni i¢in : Hakan Volkan SENAVCI
e-mail: volkan@astrol.science.ankara.edu.tr

veya bir elipsoidal degisen olabilecegini ileri
stirdiiler. Rucinski vd. (2001) sisteme ait ilk radyal
hiz galigsmasinda; q = m/my, = 0.130(4), Vy(km/sn)
= 2471 £ 0.69, My + M, = 0.975 £ 0.026 M
parametrelerini belirledi. Yine aym c¢alismada
sistemin F2 V tayf tiirlinden bir A-tiri WUMa
oldugu tespit edildi. Bu c¢aligmada disiik kiitle
fonksiyonu ve oOzellikle diisiik yoriinge egimi
sebebiyle kiiciikk genlikli 151k egrisine sahip bu
sisteme ait ilk fotometrik analiz gergeklestirilmistir.

V842 Her yildizinin degisen bir yildiz oldugu ilk
defa Geyer vd. (1955) tarafindan fotografik
gozlemlerden bulundu. Sistem, Filatov (1960)
tarafindan RR Lyr tiirii bir degisen yildiz olarak
tanimlandi1 ancak daha sonra Vandenbroere (1993)
tarafindan WUMa tiirii bir degisen oldugu anlasildi.
Vandenbroere (1993) sistemin leke aktivitesi
gosterdigini  belirtti.  Torres-Melendo  (1996),
sisteme ait fiziksel parametreleri Binary Maker 2.0
programi kullanarak belirlediler ve sistemin 11k
egrisindeki asimetriyi (O’Connell etkisi) ikinci
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bilesen iizerinde yer alan bir sicak leke ile
aciklamaya calistilar. V842 Her yildizina ait ilk
dikine hiz goézlemleri Rucinski vd. (1999)
tarafindan yapildi. Bu ¢aligmada sisteme ait dikine
hiz parametreleri q = mJm, = 3.852(24),
Vy(km/sn) = -57.98 + 1.55 olarak belirlendi. Yine
ayni calismada sistemin tayf tiiriinin F9 V oldugu
bulundu, ancak Rucinski vd. W-tiirii bir WUMa
i¢in bu tayf tiirliniin erken ve 0.42 giinliik donemin
biraz uzun oldugunu belirttiler.

2. Gozlemler

V776 Cas’a ait gozlemler 8-9 Ekim 2002
tarihlerinde TUBITAK ULUSAL GOZLEMEVI
(TUG)’nde 40 cm lik Cassegrain teleskobuna bagh
SSP-5A  fotometresi ile UBV  bandlarinda
gergeklestirildi. Gozlemlerde mukayese ve denet
yildiz1 olarak Gomez-Forrellad vd (1999)’nin de
kullandig sirasiyla KO tayf tiirinden BD+69°0118
ve G5 tayf tirinden BD+69°0122 yildizlan
kullanild1. Gézlem esnasinda her filtrede 182 nokta
alindi. Her bir geceye ait ve her renk icin
soniimleme katsayilar1 mukayese yildiz1
gozlemlerinden hesap edildi. Diferansiyel U, B, V
15tk ve U-B ile B-V renk egrileri Sekil 2.1.°de
verildi. Her gozlemin olasi hatas1 U, B, V bandlari
i¢in sirast ile £ 0.017, = 0.005 ve + 0.007 olarak
bulundu. Bu gozlemlerden elde edilen minimum
zamanlart yardimiyla hesaplanan 151k elemanlar
Tanriverdi vd (2003) tarafindan yaymlandi:

HID Minl=2452556.3106(5) + 0.%44041618(1) x E.

V776 Cas
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Sekil 2.1. V776 Cas’a ait diferansiyel U, B, V 151k,
U-B ve B-V renk egrileri

V776 Cas yildizi ADS 1485 gorsel ¢iftinin parlak
bilesenidir. Diger bileseninin ayrikligt 5.”38 olup
V776 Cas’tan 2 kadir daha soniiktiir. Ayrikligin cok
kiicik olmasi nedeniyle bu yeni gozlemler
stiresince diger bilesen diyafram diginda tutulamadi.
Bu nedenle sisteme ait 151k egrisi ayrik bilesene ait
ligiincii 151k katkisini da igermektedir. HIPPARCOS
verilerine gore V776 Cas’in V bandi goriinen
parlakligi 9.160 kadir ve daha soniik olan diger
bileseninki ise 11.164 kadir olarak verilmektedir.
Bu verilere gore Pogson formiilii kullanilarak

bulunan {i¢iincii 151k katkist Ly = 0.136 dir. Benzer
sekilde CCDM katalogunun (Dommanget & Nys,
2002) ikinci baskisindan alinan verilere gore
tiglincii 151k katkisi Ly = 0.091 olarak hesaplandi.

V842 Her orten ciftine ait gézlemler 3-4 Temmuz
2003 tarihlerinde TUBITAK ULUSAL
GOZLEMEVI (TUG)’'nde yapildi. Gézlemler 40
cm lik Cassegrain teleskobuna bagli SSP-5A
fotometresi ile B ve V Dbandlarinda alindi.
Gozlemlerde mukayese ve denet yildizi olarak
sirast ile GSC 03497-0031 ve GSC 03497-0349
yildizlart kullanildi. Gozlem esnasinda B ve V
filtrelerinden sirasiyla 135 ve 154 nokta alindi. Her
bir geceye ait ve her renk icin soniimleme
katsayilari mukayese yildiz1  gdzlemlerinden
hesaplandi. Diferansiyel B, V 151tk ve B-V renk
egrileri Sekil 2.2.°de verildi. Her gdzlemin olas1
hatast B ve V bandlar igin sirast ile £ 0.026 ve +
0.013 olarak hesaplandi. Gozlemlerde elde edilen
minimum zamanlarindan ve daha Once sisteme
ilisgkin elde edilmis minimum zamanlarindan
sistemin diizeltilmis 151k elemanlari :

HID MinI=2450177.4857(19)+0.d41903822(58)xE.
olarak bulundu.

Sistemin B ve V bandlarinda elde edilmis olan 11k
egrilerinde maksimumlar arasindaki fark B-
bandinda 0.031 ve V-bandinda 0.023 kadirdir.
Sisteme iliskin B ve V bandi 151k egrilerinin
maksimumlar1 arasinda izlenen seviye farkinin
(asimetrinin) bilesenlerden en az birinde bulunan
leke veya lekelerden kaynaklandig1
disiiniilmektedir. Sekil 2.2.’den de anlasilabilecegi
gibi sisteme ait B-V renginde birinci minimum
civarinda soguk bilesenin sicak bilesenin bilyiik bir
kesrini 6rtmesinden kaynaklanan kiigiik bir kizarma
etkisi goriilmektedir. Bunun diginda B-V renginde
kayda deger bir degisim goriilmemesi, bilesenleri
saran ortak zarf boyunca 1smin diizglin olarak
dagitildiginin bir gostergesidir.
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Sekil 2.2. V842 Her’e ait diferansiyel B, V 151k, ve
B-V renk egrileri
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3. Isik Egrisi Analizi

Bu ¢aligmada V776 Cas’a ait fiziksel parametreleri
belirlemek igin Roche modeli ve Wilson-Devinney
programinin  prensiplerine dayanan Djurasevic
(Djurasevic, 1992a, 1992b)’in 151k egrisi analizi
programt kullanildi. Isik egrileri ile dikine hiz
gozlemleri es zamanli olarak ¢ozildi. Isik egrisi
analizi i¢in programa normal noktalar yerine direkt
olarak gozlemsel veriler girildi. Rucinski vd.
(2001)’nin belirledigi tayf tiiriine goére sisteme ait
birinci bilesenin sicakligi Popper (1980)’1n sicaklik
kalibrasyon tablolarindan T, = 6980°K olarak
belirlendi. Sisteme iliskin sicakliklara bagli olarak
lineer olmayan kenar kararma katsayilar1 Claret
(2000)’in tablolarindan belirlendi. Cekim kararma
katsayilar1 ve albedo degerleri sistemin fizigine
uygun bir sekilde sirast ile Lucy (1967) ve Rucinski
(1969)’den  alindi. Model atmosfer olarak
Djurasevic’in programinda Basel yildiz atmosferi
modeli (Lejeune vd., 1997, 1998) kullanild.
Sisteme ait fiziksel parametrelerin ¢6ziim sonuglari,
sistemin ii¢ banddaki gézlemsel ve kuramsal 151k
egrileri ve farklari ile sistemin 0.25 evresindeki
geometrik modeli sirasi ile Cizelge 3.1., Sekil 3.1.
ve Sekil 3.2., Sekil 3.3. ve Sekil 3.4. de sunuldu.

V776 Cas .

V776 Cas _ 0-C (U—filter)

Sekil 3.1. V776 Cas’in U-band1 gozlemsel ve
kuramsal 151k egrileri ile farklar1.
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Sekil 3.2. V776 Cas’in B-bandi gézlemsel ve
kuramsal 151k egrileri ile farklari

Cizelge 3.1. V776 Cas’in 151k egrisi analizi

sonuglari
nicelik U-filtresi B-filtresi V-filtresi

n 182 182 182
>(0-C)2 0.0457 0.0138 0.0093
[ 0 0 0.136
q = mJ/my 0.13
T, 6890
9h=dc 0.32
A, = A 0.5
T, 6654 + 90 6544 + 49 6620 + 46
i 53.9+04 54.0+0.2 55.8+0.2
ahe 0.38, 0.34 0.31, 0.31 0.37,0.38
a2 ¢ 0.90, 0.87 0.96, 0.82 0.87, 0.80
EXS -0.55,-0.4 | -0.63,-0.38 | -0.77,-0.64
ahe 0.11, 0.04 0.17, 0.07 0.26, 0.20

hc 2.0149 2.0111 1.9984
Ry(D = 1) 0.526 0.527 0.531
R.(D=1) 0.216 0.217 0.221
Ly /Lhcs 0.875 0.881 0.748
M,(Mg) 1.63+0.02 1.63
M.(Mg) 0.21£0.02 0.21
Rn(Rg) 1.71£0.02 1.73
R.(Rg) 0.71£0.02 0.74
log gh 4.18+0.02 4.18
log gc 4.06+0.02 4.03
Mbolh 2.86x0.02 2.83
Mbolc 4.94+0.03 4.86
ayor(Re) 2.985+0.008 2.985

V776 Cas
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Sekil 3.3. V776 Cas’in V-bandi gozlemsel ve
kuramsal 151k egrileri ile farklar
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Sekil 3.4. V776 Cas’1in 0.25 evresindeki geometrik
modeli
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V842 Her yildizina ait fiziksel parametreleri
belirlemek i¢cin WD-2003 programi kullanildi. Isik
egrileri ile dikine hiz gézlemleri es zamanli olarak
¢ozildii. Isik egrisi analizi i¢in programa normal
noktalar yerine direkt olarak gozlemsel veriler
girildi. Sisteme ait 151k egrilerindeki asimetri daha
once Nomen-Torres ve Garcia-Melendo (1996)’nun
Binary Maker 2.0 programini kullanarak yaptigi
analizde ikinci bilesen iizerine sicak bir leke
koyarak modellenmisti. Ancak sistemin ddnem
degisimi ile ilgili bilgilerin yetersiz olmasindan ve
giines benzeri soguk bilesenler icermesinden dolay1
bu c¢alismada soguk leke ile modelleme tercih
edildi.

Rucinski vd. (2001) nin belirledigi tayf tiirline gore
sisteme ait birinci Dbilesenin sicakligt Popper
(1980)’1in sicaklik kalibrasyon tablolarindan T; =
6000 K olarak belirlenmis, ancak Rucinski vd.
(1999)’nin de irdeledigi gibi sisteme gore yiiksek
olan bu sicaklikta uygun bir fit gerceklestirilemedi.
Ardisik denemeler sonucunda birinci bilesenin
sicaklign T, = 5700 K’e ¢ekilerek analize devam
edildi. Sisteme iliskin sicakliklara bagli olarak
lineer olmayan kenar kararma katsayilari van
Hamme (1993)’nin tablolarindan alindi. Cekim
kararma katsayilar1 ve albedo degerleri sistemin
fizigine uygun bir sekilde sirasi ile Lucy (1967) ve
Rucinski (1969)’den alindi. Model atmosfer olarak
WD-2003 programinda kullanilan Kurucz (1993)
yildiz atmosferi modeli kullanildi.

Sisteme ait fiziksel parametrelerin ¢éziim sonuglari,
sistemin her iki banddaki gozlemsel ve kuramsal
151k egrileri ve farklari ile sistemin 0.75 evresindeki
geometrik modeli sirasi ile Cizelge 3.2., Sekil 3.5.,
Sekil 3.6., ve Sekil 3.7.” de sunuldu.

Cizelge 3.2. V842 Her’in 151k egrisi analizi

sonuglari

nicelik B-filtresi V-filtresi
n 135 154
Y(O-C)2 0.2479
g = mc/mh 3.852
T4 5700
91=9 0.32
A1=A2 0.5
T, 5362 + 20 5362 + 20
i 77.74 £0.74 77.74 £ 0.74
X4 0.539 0.275
Xo 0.347 0.568
Q45 7.566+ 0.02 7.566x 0.02
Ly/ Lo 0.297+ 0.006 | 0.278% 0.005
M1(Mg) 0.38
M2(Mg) 1.46
R1(Re) 0.82
R2(Re) 1.48
log g1 4.19
log g2 4.26
Mbol1 5.28
Mbol2 4.26
ayor(Rg) 2.881+0.01

Normalize V Band|

(0-C)+0.4

2 0.3 0.4

0.6 0.7 0.8
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Sekil 3.5. V842 Her’in V band1 gézlemsel ve
kuramsal 151k egrileri ile farklar
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Sekil 3.7. V842 Her yildizinin 0.75 evresindeki
geometrik modeli.

4. Sonuclar

Bu calismada V776 Cas ve V842 Her orten c¢ift
yildizlarinin sirasi ile U, B, V ve B, V bandlari 151k
egrileri elde edilmis ve Djurasevic’in 151k egrisi
analiz programi ile Wilson-Devinney 1s1k egrisi
analiz  programlart  kullanilarak 151k egrisi
¢oziimlerinden elde edilen ilk  sonuglar
sunulmustur.

V776 Cas’a ait elde edilen fiziksel parametrelere
gore sistem, bilesenler arasi sicaklik farkinin
oldukga az oldugu yiiksek degme derecesine sahip
bir sistemdir. Yine elde edilen ¢oziimlerden ikinci
bilesenin, sistemin daha soguk bileseni oldugu ve
ortalama g¢ekiminin birinci bilesene nazaran daha
disiik oldugunu gostermektedir. Bu ozellikler de
tipik bir A-tiri WUMa orten ¢ift sisteminin
gosterdigi 6zelliklerdendir.

V842 Her’e ait elde edilen fiziksel parametrelere
gore daha biiyiik kiitleli bilesen, lizerindeki soguk
leke nedeniyle daha kiigiik kiitleli bilesene nazaran
338°K  daha soguk oldugu  goriilmektedir.
Dolayisiyla sistemde birinci minimumda Ortiilen
yildiz daha kiigiik kiitleli olan bilesendir. Bu 6zellik
de tipik bir W-tiri WUMa orten ¢ift yildizinin
gosterdigi 6zelliklerdendir.

Bu ¢alisma, Tiirkiye Bilimler Akademisi
(BA/TUBA-GEBIiP/2001-2-2) ve 20040705090
proje numarastyla Ankara Universitesi Arastirma
Fonu tarafindan desteklenmistir.
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NN Vir ve V351 Peg’in Fotometrik Analizi
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Ozet: Yakin tarihli birer kesif olan NN Vir ve V351 Peg &rten degisen ¢ift sistemlerin fotometrik B, V ve B, V, R 151k
egrileri, sistemlerin ilk kez fiziksel parametrlerini belirleyebilmek icin analiz edildi. NN Vir ve V351 Peg’in 151k egrileri
sirastyla Ankara Universitesi Gozlemevi'nde ve TUBITAK Ulusal Gozlemevi’nde elde edildi. Céziimlerde Djurasevic 151k
egrisi analiz programu kullanilark NN Vir ve V351 Peg sistemlerinin bilesenler arasinda diisiik sicaklik farki bulunan degen
cift sistemler oldugunu gostermektedir. Ayrica her iki ¢oéziimde biiyiik kiitleli bilesenden daha kii¢iik kiitleli bilesen dogru
gergeklesen enerji ve kiitle transferinin varlig: belirlendi.

Anahtar kelimeler: Orten cift yildizlar, 151k egrisi analiz, NN Vir, V351 Peg

Abstract: Photometric BV and BVR light curves of the recently discovered eclipsing binaries NN Vir and V351 Peg were
studied for the first time to derive physical parameters of the systems. The light curves of NN Vir and V351 Peg were
obtained at the Ankara University Observatory and TUBITAK National Observatory, respectively. The solutions made by
using Djurasevic’s inverse problem method describe the NN Vir and V351 Peg systems as an overcontact binaries with a
relatively small temperature differences between the components. Also, in the both solution were obtained a significant mass

and energi transfer from the more massive primary onto the less massive secondary.

Key words: Eclipsing binary stars, light curve analysis, NN Vir, V351 Peg

1. Giris

NN Vir (HD 125488, BD +06 2869) Hipparcos
uydusu (ESA, 1997) tarafindan kesfedilen bir
degisen yildizdir. Hipparcos fotometrik
gozlemlerine gore sistemin 151k degisim genligi
0™.41 ve Woitas (1997) gore bu yildiz ~0.20 giinliik
doneme sahip RR Lyrae tiirii bir degisen yildizdir.
Gomez-Forrellad vd. (1997), V bandinda 6 cm
teleskopla elde ettikleri 151k egrisinden sistemin W
UMa tirii orten bir ¢ift yildiz oldugunu
gostermislerdir. Ayrica NN Vir’in dért minimum
zamanini da gozlemleyerek sistemin ilk 11k
elemanlarmi1  belirlemislerdir. ~ Yakin  tarihte
Rucinski ve Lu (1999) her iki bilesenin radyal hiz
egrisini elde ederek sistemin kiitle oram
g=m,/m;=0.491 olarak hesaplamiglardir. Rucinski
ve Lu (1999), NN Vir’in FO/F1 V tayf sinifina sahip
A alt smifindan bir W UMa tiirii orten degisen
olduguna dikkat ¢cekmislerdir.

V351 Peg’in (HD 220659, BD 14 4990) degisen bir
yildiz oldugu ilk Hipparcos uydusu (ESA, 1997)
tarafindan fark edilmis. Hipparcos fotometrik
g6zlemlerine gore sistem genligi 0™.31 olan bir 151k
degisimi gostermektedir. Hipparcos verilerine gore

Mesut YILMAZ
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bu sistem donemi ~0.30 giin olan RRc tiirii
pulsasyon yapan bir degisen yildizdir. Gomez-
Forrellad vd. (1997) V bandinda 6 cm teleskopla
elde ettikleri 151k egrisinden sistemin W UMa tiirii
orten bir cift yildiz oldugunu gostermislerdir.
Ayrica 151k egrisinden elde ettikleri minimum
zamanlart kullanarak V351 Peg’in ilk 151k
elemanlarmi belirlemislerdir. Rucinski vd. (2001)
her iki bilesenin radyal hiz egrilerini elde ederek
sistemin  kiitle orani g=m,/m;=0.360 olarak
hesaplamislardir. Rucinski vd. (2001), V351 Peg’in
W alt smifindan bir W UMa tiirii orten degisen
oldugu ve tayf tiirliniin A8 V olarak belirtmislerdir.

2. Gozlemler

NN Vir orten ¢iftin BV bandlarindaki goézlemleri
Mayis 2002°’de 3 gecede Ankara Universitesi
Gozlemevi’'ndeki 30-cm Maksutov teleskobu ve
ona bagli SSP-5SA fotometresi ile elde edildi.
Gozlemlerde sirastyla BD+06 2864 ve BD+05 2865
yildizlar1 mukayese ve denet yildizlar1 olarak
kullanildi. Gozlemler esnasinda mukayese ve denet
yildizinda herhangi bir 151k degisimi goriilmedi.
Ayrica her gece ig¢in atmosferik soniimleme
katsayilar1 da mukayese yildiz gozlemleri
kullanilarak hesap edildi. Gozlemlerde her filtre
icin toplam 217 nokta elde edildi. B ve V
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bandlarindaki goézlemlerin olasi hatalar1 sirasiyla
+0.020 ve =£0.026 olarak belirlendi. NN Vir,
mukayese ve denet yildizlarina ait katalog bilgisi
Tablo 1°de verilmektedir.

NN Vir’in BV 11k egrileri Sekil 1’de verilmektedir.
Sekil 1’deki 151k egrileri (1) ifadesinde verilen yeni
151k elamanlart ile olusturuldu. NN Vir’in tim
differansiyel gozlem verisi Miiyesseroglu (2003)
tarafindan standart parlaklik sistemine
doniistiirtildii. Tablo 2’de 151k egrilerinin minimum
ve maksimumlarindaki 151k seviyeleri ve farklar
verilmistir. Tablo 2 ve  Sekil 1’den kolayca
goriilebilecegi gibi, B ve V bandlarindaki 151k
egrilerimizde birinci  minimum  ikinci
minimumlardan daha derin géziikmektedir. Ayrica
151k egrilerin iki maksimumu arasinda 6nemli bir
seviye  farki  ve  asimetrik  bir  yapi
goziikmemektedir.

NN Vir'in 1sik egrisi iki minimum zamani da
kapsamaktadir. Ayrica 2002 gdzlem programi
gercevesinde NN Vir’e ait i¢ minimum zamani
daha gozlemlendi ve bu zamanlar Kwee & van
Woerden (1956) yontemi ile hesaplanip Albayrak
vd. (2002) tarafindan yayinlandi. NN Vir’in bu
minimum zamanlar1 ile birlikte Gomez-Forrelland
vd. (1997)’in dért minimum zamanida kullanilarak
asgidaki yeni 151k elamnlar elde edildi:

HJID MinI=2450520.5962(5)+0°.48068667(2)xE (1)

B, V ve R bandlarinda olmak iizere toplam 888
nokta elde edildi. B, V ve R bandlarinda yapilan
gozlemlerin olas1 hatalar1 sirasiyla £0.012, £0.010
ve £0.009 olarak hesap edildi. V351 Peg, mukayese
ve denet yildizlarina ait katalog bilgisi de Tablo
3’de verilmektedir.

V351 Peg’in diferansiyel BVR 11k egrileri Sekil
2’de gosterilmistir. Isik egrileri (2) ifadesinde
verilen yeni 151k elamanlari ile olusturuldu. Tablo
4’te 151k egrilerinin minimum ve maksimumdaki
151k seviyeleri ve farklar1 gosterilmistir. Tablo 4 ve
Sekil 2’den kolayca goriilebilecegi gibi, B, V ve R
bandlarindaki 151k egrilerinde  iki maksimum
seviyeyeler arasinda Onmli bir seviye farki
goriinmemektedir. Ayrica 151k egrilerinde 6nemli
bir asimetrik bir yap1 gdzilkmemektedir.

V351 Peg’in 151k egrisi gozleminde ii¢ minimum
zamani da elde edildi ve bu minimum zamanlari
Kwee & van Woerden (1956) yontemi ile
hesaplandi. V351 Peg’in bu minimum zamanlari ile
birlikte Selam vd. (2003) ait bir minimum zamani
ve Gomez-Forrellad vd. (1999)’ne ait bir minimum
zamani kullanilarak V351 Peg’in  yeni 151k
elamnlari elde edidi:

HID Minl=2452881.3927(3)+0%.5932963(1)xE (2)

Tablo 3. V351 Peg, mukayese ve denet yildizlarina ait

Tablo 1. NN Vir, mukayese ve denet yildizlarina ait

katalog bilgisi
Parametre NN Vir Mukayese Denet
BD +14 4990 +15 4830 +14 4974
HD
Q2000 23"25m25° 23"29m02° 23"20™45°
2000 15%1°19” 16°00°45" 15°02°53”
my 8".03 7".10 7".65
Tayf A8V A2 A5
Tablo 4. V351 Peg’in 151k egrisi karakteristigi
AB AV AR
Max. light 2t 025 1033£0.003 082440003  0.665£0.004
Max, light at 076 103240005 0.820£0003  0.66540.004
Min. light at 0.00 137040006 114240006  0.88540.006
Min. light at 0.50 136140003 113440005  0.98040.004
Amax(mg.25-mo 75) 0.001 0.004 0.000
Amin(mg go-mg 50) 0.008 0.008 0.005
Depth of Min, [ 0338 0.218 0320
Depth of Min, II 0323 0314 0315

katalog bilgisi
Parametre NN Vir Mukayese Denet
BD +06 2869 +06 2864 +05 2865
HD 125488 124970
2000 14"19m38° 14"16m35° 14"18m26°
2000 05°53°47" 05°31’55" | 05°13°25”
my 7".64 8™.33 9".95
Tayf FO/F1V F5 FO
Tablo 2. NN Vir’ in 151k egrisi karakteristigi
B v Hip
Max. light at0.25 7.896+0012 7.493:0015 7.609+0.029
Max. light at0.75 7.887+0026 7.502+0029 7.58L+0012
Min. light at 0.00 8351+0013 7.938:0022 8.031+0024
Min. light at 0.50 8271+00ll 7.910+0008 8.026+0.012
Amaximg s — mg7s) 0.009 -0.009 0.028
Amin{mgoo — moso) 0080 0028 0.005
Depth of Min. 1 0455 0445 0.417
Depth of Min. T 0384 0408 0.445
V351 Peg orten ¢iftin BVR bandlarindaki

gozlemleri 29, 30 ve 31 Agustos 2003 tarihlerinde
TUBITAK Ulusal Gozlemevi'ndeki (TUG) 40-cm
Cassegrain teleskobu ve ona bagli SSP-5A
fotometresi ile elde edildi. Gozlemlerde sirasiyla
BD+15 4830 ve BD+14 4974 yildizlar1 mukayese
ve denet yildizlar1 olarak kullanildi. Geceye ait
atmosferik soniimleme katsayilar1 mukayese yildiz
gozlemleri kullanilarak hesap edildi. Gozlemlerde,

3. Isik Egrisi Analizi

Bu calismada NN Vir ve V351 Peg’e ait fiziksel
parametreler Djurasevic (1992a, 1992b, 1998) 151k
egrisi analiz programi ile belirlendi. Bu programin
temeli Roche modeli ve Wilson-Devinney (1971)
programinin  prensiplerine dayanmaktadir. Isik
egrisi analizleri Djurasevic (1992b) koduna modife
edilmis  Marquardt (1963) algoritmast ile
gerceklestirildi.

Bu programda, yildizlarin boyutu Roche lobu
doldurma derecesi ile tamimlidir, ki bu bize
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sistemdeki yildizin  kritik lobun nekadarinin
doldurdugunu séyler. Roche lobu doldurma faktorii
Fp., bilesenlerin kutupsal yarigaplarmm kritik
Roche lobunun kutupsal yari ¢aplari orani olarak
tanimlanmistir (F, =Ry, o/Rrochenc), burada h ve c ise
sirasiyla birinci ve ikinci bilesenlerdir. Bu durumda
degen cift sistemler icin Roche lobu doldurma
faktorii F>1 olacaktir.

NN Vir ve V351 Peg’in 151k egrisi analizinde
normal noktalar yerine dogrudan gozlem verileri
kullanilarak ¢oziime gidildi. Coziim 151k ve dikine
hiz  egrilerinin es zamanlh  kullanimi ile
gerceklestirildi. Ayrica her iki ¢dziimde sistemdeki
bilesenlerin es donme oranlarina (/~1.0) sahip
oldugu kabulii yapildi.

NN Vir'in g1k egrisi analizinde kiitle orani
q=0.491degeri , Rucinski ve Lu (1999)’nun yaptig
dikine hiz ¢aligmasindan elde edilerek 151k egrisi
analizinde sabit veri olarak dikkate alindi. Yine
ayni calismadan NN Vir i¢in belirlenen FO/F1 V
tayf tiirli, sisteme ait birinci bilesenin sicakligina
atif yapilarak Popper (1980) sicaklik kalibrasyon
tablolarindan birinci bilesenin sicakligi T,=6900 K
olarak hesaplandi.

V351 Peg’in 151k egrisi analizinde ise kiitle orani
q=0.36 degeri, Rucinski vd. (2001)’nin yaptig
dikine hiz c¢aligmalarindan alinarak 151k egrisi
analizinde sabit veri olarak dikkate alindi. Rucinski
vd. (2001), V351 Peg i¢in belirledigi A8 V tayf
tirti, sisteme ait birinci bilesenin sicakligina atif
yapilarak Popper (1980) sicaklik kalibrasyon
tablolarindan birinci bilesenin sicakligi T,=7580 K
olarak elde edildi.

Isik egrisi analizlerinde he iki sisteme iliskin lineer
olmayan kenar kararma katsayilar1 Claret (2000)’in
tablolarindan elde edildi. Kenar kararma katsayilart,
kimyasal kompozisyona, etkin sicaklifa ve yiizey
cekim ivmesine (logg) bagli olarak 1s1k egrisi
analizinde her diferansiyel diizeltme sonrasinda
Claret (2000) tablolarindan iterasyonla
hesaplanarak analizde yeniden igletildi. Her iki 151k
egrisi analizinde en iyi ¢dziimler Basel model
atmosfer yaklasimi altinda gergeklestirildi. NN Vir
icin en iyi ¢oziim Giines kimyasal bolluk degerinde
(Fe/H=0) elde edildi, V351 Peg i¢in ise en iyi
¢oziim yakin Glines kimyasal bolluk (Fe/H=-1.0)
degerinde elde edildi.

NN Vir’in 151k egrisi analizinde ¢ekim kararmasi
iissti degerleri (Bn.) sistemin fizigine uygun olarak
teorik degeri kullanildi. Bilesenlerin kiitlesine,
sicakligina ve ylizey ¢ekim ivmesine bagl olarak
¢ekim kararmasi iissii degerleri Claret (1998)
tablolarindan ,=0.06 ve B=0.12 olarak belirlendi
ve buna bagli olarak ta yansima katsayilar1 Ay, =0.5
olarak belirlendi. V351 Peg’in sicakligi yaklasik
T#=7600 K olmasi nedeniyle ortak zarfinda
1s1masal ve konvektif enerji taginim
mekanizmalarin bir karisimi beklenmelidir. Bundan

dolay1 V351 Peg’in 151k egrisi analizinde ¢ekim
kararmasi lissii degerleri serbest parametre olarak
birakildi ve en iyi ¢oziim B,=0.20 ve [.=0.18
degerleri icin elde edildi. Buradan da yansima
katsayilar1 A, =10. olarak belirlendi.

Her iki sistemin go6zlemsel 151k egrilerini tiim
ozelliklerini ortaya koyabilmek i¢in bir ¢ok farkl
¢Oziim denemesi gergeklestirildi. Yapilan tiim
denemelerde her iki teorik egrininde gozlemsel
egrilere en iyi uyum saglayan ¢oziimlerin Ay,
yansima katsayilarinin serbest birakilmasiyla elde
edildigi goriildii. Bu c¢oézliimlerde her iki sistemin
kigiik kiitleli  bilesenlerinin yansima katsay1
degerleri teorik degerlerinin ¢ok iizerinde bir deger
¢ikmasindan dolayi, kiiciik kiitleli bilesenlerinin L;
Lagrangean noktlarina bakan yiizeylerindeki
sicaklik artiginin nedenini ancak sicak leke kabuli
ile yapilabildi. Bu nedenle her iki sistemin en iyi
151k egrisi  ¢Oziimii  kiicik kiiteli bilesenlerin
iizerinde sicak leke kabulii ve A,. yansima
katsayilarinin teorik degerlerinde sabit tutulmasi ile
ulasildi. NN Vir’e ait parametrelerin ¢6ziim
sonuglari, gozlemsel ve teorik 151k egrileri ve
farklar1 ile sistemin 0.25 evresindeki geometrik
model sirast ile Tablo 5 wve Seklil 1°de
verilmektedir. V351 Peg’e ait parametrelerin ¢6ziim
sonuglart, gozlemsel ve teorik 151k egrileri ve
farklar1 ile sistemin 0.25 evresindeki geometrik
model ise sirasi ile Tablo 6 ve Seklil 2’de
verilmektedir.

Tablo 5. NN Vir’in 151k egrisi analiz sonuglari

Juantity B-filter V_filter

L 217 217

Z(O-CF 0.0500 0.0890

o 0.0152 0.0202

q = i1 0491

Th G900

Be 0.06

Be a1z

An = A 0.5

fa= Lo

T BOTEO + 43 670 + 6O

Fn 1.073 = 0.001 1.075 x0.001
i°] 63302 634+ 02

As = Ts/T: 1.22 £ 0.01 125+ 002

85[°] 34,106 322+ 10

| 1822 £+ 04 179.6+0.7

s [°] 0.0 0.0

e +0.3071,40.3051  +0.3738,+0.3739
{.J:'_." +0.9094, +0. 8373 +0.87 79, +0.80602
ah* —0.6385, —0.4333 —0. 7808, —0.7433
!.'E'c +0. 1788, +0.1195 +0.2633,+0.2408
e 265006 263506

Cin 2.BSBS5 2.B585

ox 2.5647 2.5647

Fomea[Fo] 57.15 5886

Ro[D = 1] 0.446 0.447

RO = 1] 0.330 0331

L/ (g + Loy QLBST 0.636

AL [Ma] 1.34 + 002

A [Mg] 0.66 + 0.02

Rn[Re] 1.58 + 0.02

R.[ Rl 119 +002

log gn 417 +x0.02

log gc 411002

M 3.02+003

M, 374005

fotb[Ra] 3,248 £ 0.002
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Sekil 1. NN Vir’in teorik ile gozlemsel 151k egrileri ve
farklari, sistemin 0.25 evresindeki geometrik model

Tablo 6. V351 Peg’in 151k egrisi analiz sonuglari

Quantity Value

n 288

=0 - C)* D.0511

o 0.007A

7=me/mp 0.36

Fre 10

Ang 10

Th 7580

Apg = T/ Te 1.066 £ 0.008

s 4134090

Aim 1827 £ 0.8

Phs 23.8+2.2

Te THE0 £ 15

Fi 1.020 £ 0.002

i[°] £3.04£0.1

B 0.2040.01

G 0.1840.01

a(B;V;R) +0.3665, +0.4102; +04417, +0.3700; +0.4138, +0.4440
a2%(B,V;R) +0.0718, +0.8017, +0.7722,+0.0630; +0.8032,40.7788
a3<(B; V;R) —0.7407, —D.0150; —0.0245 —0.7462; —0.0288, —0.0424
a5 (B; V;R) +0.2181, +0.3367; +0.3560, +0.2214; +0.3455, +0.3660
e 25408

Cin 25053

Qout 2.3738

Foreee [T 20.64

RuelD =1] 0.450, 0.284

Lu /(L +Le)(B; V;R) 0.700; 0.702; 0.703

Mu[Mg) 1627 £0.05

Me[Mig| 0.585 4 0.02

Ru[Ra) 18724003

Re[Rg) 1102 £0.03

log gn 4105 £0.03

log ge 4053 £0.03

ME, 2246 +0.03

Mo, 2238 £0.05

e [Ro) 3868 £0.05
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Sekil 2. V351 Peg’in teorik ile gozlemsel 151k egrileri ve
farklari, sistemin 0.25 evresindeki geometrik model

5. Sonuclar

Bu galismada NN Vir ve V351 Peg degen cift yildiz
sistemlerinin sirasi ile B, V ve B, V,R bandlar 151k
egrileri elde edilerek Djurasevic 151k egrisi analiz
programi ile analiz edildi ve her iki sistemin ilk
fiziksel ve mutlak parametreleri belirlendi.
Eszamnali gergeklestirilen tiim ¢oziimlerde im
bantlarda teorik 151k egrilerinin gozlemsel egrilerle
olduk¢a uyumlu oldugu goriildii.

NN Vir i¢in elde edilen fiziksel parametrelere gore
sistem, biiyiikk degme oranina sahip (f ~ %58) ve
bilesenler arasit kiigiik sicaklik farki bulunan
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(AT=160 K) bir sistemdir. Sistem yaklagik olarak i
~ 63° yoriinge egikligine sahip tipik bir A tiirit W
UMa degen c¢ift sistemlerin  6zelliklerini
gostermektedir. Ayrica ¢oziimde biiyiik kiitleli
bilesenden kiigiik kiitleli bilesen dogru madde ve
enerji transferinin varligi belirlendi ve bunun dogal
sonucu olarak ta en iyi ¢o6ziim kigik kiitleli
bilesenin boyun bdlgesinde sicak leke varsayimi ile
elde edildi.

V351 Peg icin elde edilen fiziksel parametrelere
gore sistem, NN Vir’e gore daha az degme oranina
sahip (f ~ %21) ve bilesenler arasi sicaklik farki
olduk¢a diisiik (AT=21 K) bir sistemdir. Sistem
yaklagsik olarak i ~ 63° yoriinge egikligine sahip ve
W tlirii W UMa degen cift sistemlerin 6zelliklerine
nazaran A tiiri W UMa degen cift sistemlerin
Ozelliklerini  gostermektedir. Ayrica ¢oziimde
biiyiik kiitleli bilesenden kiigiik kiitleli bilesen
dogru madde ve enerji transferinin varligi belirlendi
ve bunun dogal sonucu olarak ta en iyi ¢6ziim
kiigtik kiitleli bilesenin boyun bolgesinde sicak
leke varsaymmi ile elde edildi. Bilesenlerin
sicakliklari (yaklasik olarak T~ 7600 K) ve ¢ekim
kararmasi {ssli degerlerine (;=0.20 ve [3,=0.18)
bakildiginda, ortak zarfta 1simasal ve konvektif
enerji tasinim mekanizmalrimin bir karigimi oldugu
goriilmektedir.
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BB Peg Sisteminin Donem ve Isik Egrisi
Analizi

C. Cetintasg, H.V. Senavci, A. Elmasli, T. Tanriverdi, T. Tun¢, M. Yilmaz,
I. Ozavci, A. Kara, O. Aksu, B. Albayrak ve S.0. Selam

OZET

Orten degisen BB Peg sisteminin dénem degisim analizi O-C diyagrami temel alinarak yapildi. Diyagramdaki
cevrimsel degisimin, Gglincii bir cismin isik-zaman etkisinden (LTE) kaynaklandigi diistincesinden hareketle, sisteme
bagl olasi cismin dénemi P; = 20.873 + 0.562 yil olarak bulundu. Ayrica analiz sonucunda cisme ait yoriingenin
basikligi e = 0.395 + 0.070, cismin kitlesi M; = 0.139 £ 0.012 M, ve yari biiyiik eksen degeri ise a; = 9.346 +
0.043AB olarak belirlendi.

Sistemin fotoelektrik isik egrisi B,V,R filtrelerinde TUBITAK Ulusal Gézlemevinde elde edildi. Binary Maker
2.0 programi kullanilarak sistemin fotometrik yériinge parametreleri igin ilk yaklagim degerleri hesaplandi. ilk
yaklagim degerleri Wilson-Devinney isik egrisi analiz programi igin baslangig degerleri olarak kullanildi. Isik eg n
maksimumlari arasinda ve birinci minimum inis-gikis kollarinda izlenen asimetri, bu ilk yaklasim sirasinda biyiik
boyutlu bilesen tizerinde soguk Giines benzeri leke ile modellendi.

1. GIirisg

BB Peg (HIP 110493, Vmax = 11".8) F8 tayf tiriinden (Kukarkin vd., 1970), W UMa tirii érten degisen bir
sistemdir. Sistemin ydriinge dénemi Hoffmeister (1931) tarafindan 4.3 giin olarak verilmistir. Daha sonra Whitney
(1959) sistemin yoriinge dénemini 0.36 glin olarak diizeltmistir.

Sistemin fotometrik gozlemleri ve yoriinge goziimleri Cerruti-Sola ve Scaltriti (1980), Cerruti-Sola vd.
(1981), Leung vd. (1985) ve Awadalla (1988) tarafindan yapilmigtir. Elde ettikleri i1sik egrilerindeki diizensizliklerin,
bilesenlerin yiizey parlaklik dagiimindaki anormalliklere bagl oldugunu séylemislerdir.

Sistemin ilk radyal hiz galismasi Hrivnak (1990) tarafindan yapilmistir. Ardindan Lu ve Rucinski (1999) yeni
elde ettikleri radyal hiz egrisini analiz ederek sistemin tayfsal kitle oranini q = 0.36 olarak belirlemisler ve

literattirdeki fotometrik ¢6ziim sonuglariyla birlestirerek sisteme ait salt parametreleri R; = 1.26 R,, R; = 0.76 Ro, M;
=1.38 M, M, = 0.50 M, olarak vermislerdir.

Sistemin donem degisim calismalari Cerruti-Sola ve Scaltriti (1980), Awadalla (1988) ve Qian (2001)
tarafindan yapilmistir. Awadalla (1988) ve Qian (2001) olusturduklari O-C diyagramlarinda, minimum zamanlarinin

parabolik yonelim gosterdigi sonucundan hareketle, sistemin donem degisimini AP = 1.5 x 107 giinyil’ (Awadalla
(1988)) ve AP = 4.75 x 10°° giinyil (Qian (2001)) olarak belirlemislerdir.

2. GOZLEMLER, DONEM ANALizI ve ISIK EGRiSI ANALIZI

BB Peg sisteminin fotometrik gozlemleri, 14, 17, 19 ve 20 Adustos 2004 tarihlerinde TUBITAK Ulusal
Gozlemevi (TUG)'nin 40 cm’lik Cassegrain teleskobuna bagli SSP-5A fotometrisiyle elde edildi. BD +15 4626 ve BD
+15 4637 mukayese ve denet yildizlar olarak segildi. Gozlemlerden iki adet birinci minimum ve Ug adet ikinci
minimum zamani elde edildi. Minimum zamanlarinin hesaplanmasinda Kwee & van Woerden (1959) yontemi
kullanild. Elde edilen ve literatiirde yayimlanmis olanlarla beraber, 137 gérsel, 9 fotografik, 28 fotoelektrik ve 20
CCD olmak Uzere, 1931 ve 2004 yili aralifina dagilan toplam 194 minimum zamani O-C analizinde kullanildi.

0-C diyagraminin olusturulmasinda son bes yilin verilerine yapilan dogrusal gakistirma sonucu elde edilen
15tk elemanlari kullanildi:

Min I = 2443764.33492 + 0.0029 + 0.361502051 + 1.21 x 107 x E

Toplanan gorsel ve fotografik verilerin sagiima araligi genis oldugundan, teorik O-C egrisinin
olusturulmasinda yalnizca fotoelektrik ve CCD verileri temel alindi. (Sekil 1).

Analiz sonuglarindan elde edilen parametreler Tablo 1'de verilmistir.

Tablo 1. Ugiincii cisim icin elde edilen parametreler.

% Standard
Parametreler Deger Hata
a'psing’ 0.691 +.064

e’ 0.395 +.070

»’ 95.00 +5.39

T HID 2457408 +73.69
Ps(yil) 20.873 +.562

A (giin) 0.004 +.00036

f(ms) Mo 0.0007575  +.0001794
5(0-C)(giin®) 1.2496943 * 10°

Sistemin 151k egrilerinin fotometrik goziimleri igin ilk yaklagimlar sirasinda Binary Maker 2.0 programi
kullanildi. Sistemin fiziksel parametrelerini elde etmek igin, Binary Maker2.0 programindan elde edilen degerler,
Wilson-Devinney 1sik egrisi analiz programinda baslangig degerleri olarak kullanildi. Sistemin BVR bandlarinda
alinmis 1k egrilerine yapilan gakistirmalar ve sistemin Giines benzeri lekeyle modellenmis Roche geometrisi asagida
verilmigtir.

Sekil.2 Sistemin BVR bandlarindaki isik egrisine ilk yaklasim olarak yapilan cakistirmalar ve geometrik modeli.

Analiz sonucunda elde edilen parametreler agagida listelenmistir :

Tablo 2. BB Peg'in isik egrisi analiz sonuglar

aes
L Parametreler Deder Stzr::zrd Parametreler Deger Standard Hata
Liler]
L° 3.96804 +.196542 Beece 73.315
aon . L 3.91321 +.166846 fee 220.491
e : L° 3.83571 +.134928 ke 15.077
000 e B e — i 85.0962 +4.72870 Tieke/ Trot 0.869
om a 2.63813 +.029219
q 2.78
e s T 6200°K
£ T 5926°K +82
003
100000 0o 10m00 0 200000 300000 91 =0 0.32
A=A 0.5
Sekil.1l BB Peg sisteminin O-C diyagrami. Uggenler fotoelektrik verileri, daireler ise CCD verileri temsil er p=°|§elz g;ggg? j;'00774
; 3 . .
etmektedir. r,pole 0.45153 +.07
riside 0.29888 +.09
rside 0.48578 +.09
Sistemin dénemindeki {glincii bir cismin yarattigi 1sik-zaman etkisine bagl degisime ait parametrelerin riback 0.34200 +.12
bulunmasinda ve O-C diyagraminin olusturulmasinda Irwin (1952) tarafindan verilen denklemler kullanildi : rback 0.51572 +.16

1-e?

o-c= A,
Vi-eZcos’w |1+ e'cos v'

sin( v'+w') + e'sin w'}

a', sini'v1-e? cos

1
A=3(0-Cl=(0-C)p)= =2

3. SONUGCLAR

BB Peg’in son bes yila ait minimum zamanlarindan hesaplanan isik elemanlari, O-C diyagraminda daha
onceki galismalarda (Cerruti-Sola ve Scaltriti 1980, Awadalla 1988, Qian 2001) yer alan parabolik yaklagima ihtiyag
olmadigi gosterdi. Tim minimum zamanlarinin  kullaniimasiyla olusturulan O-C egrisi cevrimsel bir yapi
gbstermektedir. Bu gevrimsel yapi, sisteme gekimsel olarak bagli olasi bir tiglincii cisim varligi (LTE) dikkate alinarak
incelendi. Ugijnc[j cismin ikili sistem etrafindaki yoriinge dénemi yaklasik 20.873 £ 0.562 yil dir. Kiitlesi, Gift
sistemle ayni diizlemde olmasi durumunda 0.139 + 0.012 M, dir.

BB Peg igin elde edilen yeni isik egrisi sistemin tipik bir W-tipi W UMa oldugunu gdstermektedir. Isik
egrisinde, birinci minimum inis ve gikis kollarinda maksimum igik diizeylerinde, ve minimum derinliklerinde simetrik
olmayan yapilar géze garpmaktadir. Bu nedenle sistemin modellenmesinde buyiik boyutlu bilesen lzerinde Giines
benzeri bir lekenin varlidi yaklasimi altinda yapilan ilk teorik cakistirmalar, elde ettigimiz 15k edrisi ile uyum
icerisindedir.
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Abstract

Photoelectric UBV light curves of the recently discovered eclipsing binary V776 Cas were studied for the first time to
derive the physical parameters of the system. The light curves were obtained at the TUBITAK National Observatory
(TUG) during 8-9 October 2002. Due to the proximity of the visual companion the light curves were contaminated by
the third light effect which has a relatively small impact on the system parameters estimation. This effect dominantly
changes only the degree of overcontact and orbit inclination. The solutions made by using Djurasevic’s inverse-problem
method describe the V776 Cas system as a high overcontact configuration (f over ~ 41% without, and 55% and 58% with
two different values of the third light effect — L; = 0.091 and L; = 0.136) with a relatively small temperature differences
between the components. Because of the large difference in masses of the components (g = m./my, = 0.13) these solu-
tions suggest a significant mass and energy transfer from the hotter — more massive primary onto the cooler — less
massive secondary through the connecting neck of the common envelope. The obtained orbital inclination (i ~ 53°.9
without, and i ~ 55° and i ~ 56° with two different values of the third light effect — L; = 0.091 and L; = 0.136) explains
the characteristic shape of the light curves with a relatively small amplitude which is due to partial eclipses of the
components in both of the photometric minima.
© 2004 Elsevier B.V. All rights reserved.
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of FO and an amplitude of 0”.147 ranging from
8".943 to 9".090 in ¥ band, and also almost equal
depth of primary and secondary eclipses (ESA,
1997). The parallax measured by Hipparcos is
n =4.86 mas, for a distance of 205.8 pc. First
ground-based photometry of the system was per-
formed by Gomez-Forrellad et al. (1999). They
published a light-curve obtained in the ¥ band
using a 14-cm telescope. The light-curve shows
that the primary minimum is the deeper one with
an amount of 0”.19 while the depth of the sec-
ondary minimum is 0”.137. Rucinski et al. (2001)
presented spectroscopic observations yielding the
first reliable spectroscopic elements of the system:
q =mc/my, =0.130(4), V,(kms~')=-24.71 +0.69,
(M, + M,)sin’ i = 0.975 + 0.026M,,. The indices h
and c refer to the hotter-more massive and cooler-
less massive component, respectively. They poin-
ted out that the spectral type of the system is F2 V
and that it belongs to the A sub-class of W UMa
configuration. The photometric observations of
V776 Cas show a light-curve variation with a small
amplitude of 07.147 (ESA, 1997) and 0".156
(Gomez-Forrellad et al., 1999), which is consistent
with the relatively small /' (m), both most probably
due to a low orbital inclination angle. V776 Cas is
the brighter member of the visual binary ADS1485
(CCDM J01534 +7003). The companion, at sepa-
ration of 5”.38, is 2™ fainter than the contact bi-
nary. The photometric elements of the system have
not been published yet. Thus, we observed and
analyzed V776 Cas.

2. The observational data and light curves

New observations of V776 Cas in UBV were
obtained at the TUBITAK National Observatory
(TUG) on the nights of 8 and 9 October 2002, by
using a SSP-5A photometer attached to a 0.4 m
Cassegrain telescope. We have used the same com-
parison (BD+69°0118) and check (BD+69°0122)
star as Gomez-Forrellad et al. (1999). The relevant
catalogue data for the stars are given in Table 1. A
total of 182 observations was secured during the
observations in each filter. The nightly extinction
coefficients for each colour were determined by
observing the comparison star. The differential U,

Table 1
The catalogue information for V776 Cas, the comparison, and
check stars

Parameter V776 Cas Comparison  Check

BD +69°0121 +69°0118 +69°0122
02000 01"53723° 01"48"18° 01%55m26°
02000 +70°02'33" +70°34'32" +70°29'08"
14 9™.00 8".74 8.37

B, and ¥ magnitudes in the sense variable minus
comparison corrected for atmospheric extinction,
are given in Table 2. The differential U, B, and V
light curves and U-B and B-V colour curves are
shown in Fig. 1. The probable error of a single ob-
servation point was estimated to be =+0.017,
4+0.005, and +0.007 in U, B, and V colours, re-
spectively. The photometric phases of the light and
colour curves are calculated with the following
ephemeris given by Tanriverdi et al. (2003):

HID Minl = 2452556.3106(5)
+0.944041618(1) x E. (1)

Due to the close proximity of the visual com-
panion it could not be excluded from the dia-
phragm during the observations and therefore our
photometric measurements were contaminated by
the third light. Rucinski et al. (2001) were able to
avoid this visual companion during the radial ve-
locity observations of the system. Although they
observed separately the radial velocity of the visual
companion on two occasions, they haven’t calcu-
lated the third light parameter L;. We were able to
calculate L3 only in ¥ band based on the published
magnitudes of the visual components from two
different sources: as L; = 0.136 from Hipparcos
Double and Multiple Stars Annex (ESA, 1997), and
as L; =0.091 from the second edition of the
CCDM Catalogue (Dommanget and Nys, 2002).
Separate light-curve solutions have been obtained
with these two L; values in ¥ band and the com-
parison between the results with and without L;
are discussed in Section 4.

The light levels estimated by averaging data
around the maxima and minima (taking a
A¢ = £0.02 interval) and their differences are lis-
ted in Table 3. The maxima of all light curves seem
to be equal and there are no significant asymmetry.
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Table 2

Observational data for V776 Cas
HJD AU AB AV HID AU AB AV HID AU AB AV
2400000+ 2400000+ 2400000+

52556.2853 -0.405 -0.085 0.210 52556.4213  -0.528 -0.210 0.086 52556.5938 —-0.496 -0.154 0.140
52556.2870  —0.396 —-0.069  0.197 52556.4237 -0.540 -0.218 0.087 52556.5954 -0.496 -0.145 0.136
52556.2897 —0.400 -0.067 0.206 52556.4267 —-0.526 —-0.209  0.085 52556.5975 -0.499 -0.163 0.128
52556.2914  -0.382 -0.065 0.217 52556.4315 -0.534 -0.226  0.097 52556.5990 -0.470 -0.141 0.128
52556.2936  -0.379 -0.056 0.220 52556.4330 -0.559 -0.215 0.073 52556.6020 -0.474 -0.156 0.111
52556.2952  -0.406 -0.070  0.220 52556.4360 —-0.526 —-0.205 0.094 52557.4938 -0.512 -0.190 0.104
52556.2974 -0.408 -0.064 0.238 52556.4377 -0.518 -0.217 0.081 52557.4954 -0.508 -0.177  0.098
52556.2991 -0.390 -0.070 0.223 52556.4406 -0.497 -0.195 0.095 52557.4978  -0.529 -0.200 0.087
52556.3015 -0.388 —0.063  0.226 52556.4453 -0.492 -0.202 0.096 52557.4993  -0.499 -0.210 0.101
52556.3030  -0.368 —0.045 0.228 52556.4469 -0.492 -0.188 0.111 52557.5014  -0.508 -0.211 0.104
52556.3053  —-0.372  -0.039  0.246 52556.4504 -0.523 -0.192  0.121 52557.5056  -0.485 -0.216 0.094
52556.3071  -0.393  —-0.056 0.221 52556.4520 -0.522  -0.189 0.107 52557.5071  -0.539 -0.217  0.080
52556.3092 -0.391 -0.053 0.223 52556.4556  —0.484 -0.186 0.119 52557.5096  -0.507 -0.217 0.084
52556.3108 -0.375 -0.057 0.237 52556.4601 —-0.511 =0.175 0.116 52557.5117 -0.497 -0.206 0.085
52556.3134  -0.372  -0.069 0.226 52556.4617 -0.474 -0.163 0.126 52557.5142 -0.524 -0.204 0.084
52556.3149  -0.363 —-0.042 0.228 52556.4645 —-0.477 -0.154 0.144 52557.5183  -0.522 -0.224  0.086
52556.3170  -0.376  —-0.068  0.229 52556.4664 —0.496 —0.182 0.122 52557.5198  -0.504 -0.212  0.081
52556.3185 —-0.351 -0.059 0.234 52556.4820 —-0.448 -0.130 0.169 52557.5219  -0.526 -0.217 0.085
52556.3209  -0.367 -0.067 0.227 52556.4876  —0.427 -0.126  0.166 52557.5237 -0.533 -0.214  0.079
52556.3225 -0.396 -0.076 0.232 52556.4803 -0.414 -0.127 0.169 52557.5261  -0.518 -0.215 0.077
52556.3247 -0.384 -0.072  0.227 52556.4920 -0.440 -0.113 0.169 52557.5301  -0.550 -0.215 0.074
52556.3262  —0.389 —-0.064 0.220 52556.4937 -0.435 -0.122 0.184 52557.5319  -0.519 -0.220  0.089
52556.3286  —0.391 -0.074 0.223 52556.4961 -0.432 -0.100 0.197 52557.5341 -0.498 -0.223  0.086
52556.3301 -0.395 -0.082 0.211 52556.5005 -0.402 -0.115 0.192 52557.5355  —-0.500 -0.209  0.092
52556.3329 -0.423 -0.082 0.211 52556.5020 -0.423 -0.105 0.189 52557.5383  -0.513  —-0.225 0.083
52556.3345 -0.367 -0.069 0.218 52556.5047 -0.402 -0.101 0.191 52557.5428 -0.529 -0.206 0.082
52556.3370  -0.390 -0.089 0.214 52556.5062  —0.393  —-0.085 0.205 52557.5446  -0.498 -0.222 0.076
52556.3386  —0.383  —-0.085 0.200 52556.5087 —-0.397 -0.095 0.207 52557.5472 -0.489 -0.191 0.086
52556.3415 -0.424 -0.097 0.195 52556.5127 -0.434 -0.091 0.219 52557.5488  —-0.500 -0.191 0.100
52556.3429 -0.418 -0.102 0.182 52556.5142  -0.396 -0.077 0.213 52557.5512  -0.537 -0.216 0.079
52556.3452  -0.428 -0.100 0.167 52556.5167 —0.397 -0.088  0.201 52557.5560  —-0.529 -0.189 0.112
52556.3470  -0.416 -0.104 0.181 52556.5182 -0.385 -0.080 0.220 52557.5576  -0.487 -0.203 0.112
52556.3493  -0.424 -0.103  0.181 52556.5210  —0.400 -0.064 0.230 52557.5605 -0.502 -0.195 0.114
52556.3509 -0.455 -0.117 0.177 52556.5225 -0.368 -0.068 0.224 52557.5620 -0.505 -0.181 0.121
52556.3531 -0.469 -0.129 0.178 52556.5245 -0.372  -0.070  0.232 52557.5643  -0.494 -0.154 0.131
52556.3546  -0.435 -0.126 0.165 52556.5261 -0.394 -0.068 0.228 52557.5687 -0.501 -0.162 0.128
52556.3570  -0.450 -0.142  0.159 52556.5289  —-0.396 —-0.064 0.229 52557.5701 -0.494 -0.164 0.125
52556.3585 —-0.440 -0.148 0.159 52556.5305 -0.397 -0.067 0.225 52557.5724 -0.506 —-0.165 0.124
52556.3610  —0.441 -0.147 0.156 52556.5332  -0.367 -0.071 0.219 52557.5743  -0.485 -0.162 0.136
52556.3626 -0.449 -0.142 0.146 52556.5358  -0.364 -0.074 0.227 52557.5766  -0.472 -0.151 0.146
52556.3647 —-0.455 -0.138 0.143 52556.5382  -0.376 -0.077 0.218 52557.5810 -0.459 -0.135 0.159
52556.3663 —-0.465 —0.159 0.142 52556.5398 -0.364 -0.069 0.216 52557.5829  -0.439 -0.145 0.156
52556.3685 —0.482 -0.161 0.132 52556.5428 -0.366 —0.081 0.212 52557.5854 -0.441 -0.127 0.162
52556.3701 -0.460 -0.156 0.135 52556.5443  -0.418 -0.087 0.205 52557.5872 -0.463 -0.131 0.167
52556.3725 -0.483 -0.179 0.131 52556.5469  —-0.403 —-0.087 0.196 52557.5893  -0.429 -0.146 0.169
52556.3740 -0.485 -0.165 0.134 52556.5485 -0.414 -0.071 0.219 52557.5908 -0.449 -0.118 0.175
52556.3769 —-0.478 -0.182 0.124 52556.5510 -0.426 -0.084 0.217 52557.5930 -0.432  -0.113 0.185
52556.3788  —-0.497 -0.183 0.112 52556.5525 —-0.394 -0.091 0.202 52557.5945 -0.431 -0.122 0.184
52556.3810 —-0.522  -0.176  0.102 52556.5561  —0.368 —0.101  0.193 52557.5971  -0.411 -0.119 0.180
52556.3865 —-0.514 -0.203  0.109 52556.5577 -0.419 -0.092 0.200 52557.5986  -0.447 -0.101 0.187
52556.3884 -0.496 -0.192 0.103 52556.5610  —0.427 -0.085 0.202 52557.6012  -0.447 -0.100 0.191
52556.3910  -0.504 -0.189 0.104 52556.5666 —0.413 -0.114 0.184 52557.6028  —0.403 —-0.086 0.204
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HID AU AB AV HJD AU AB AV HJD AU AB AV
2400000+ 2400000+ 2400000+
52556.3926  -0.514 —-0.200 0.105 52556.5683  —-0.443 —-0.107 0.177 52557.6050 -0.403 —-0.085 0.213
52556.3953 -0.514 -0.208 0.095 52556.5708 -0.437 -0.105 0.167 52557.6068 —-0.392 -0.082 0.201
52556.4000 -0.541 -0.216 0.098 52556.5724  -0.403 —-0.100 0.196 52557.6091 -0.371 —=0.099 0.223
52556.4022 -0.505 -0.203 0.094 52556.5748 —-0.460 —0.108 0.171 52557.6108 —-0.397 —-0.084 0.212
52556.4056  -0.522  —-0.208  0.092 52556.5793  -0.450 -0.121 0.173 52557.6132 -0.379 -0.077 0.220
52556.4071 -0.513 -0.221 0.087 52556.5815 -0.454 -0.152 0.143 52557.6147 -0.370 -0.071 0.225
52556.4103  -0.524 -0.215 0.090 52556.5843  -0.454 —-0.148 0.149 52557.6170  -0.343  -0.074 0.229
52556.4166 —-0.539 —-0.224 0.088 52556.5859 —-0.456 —-0.148 0.157 52557.6186  —-0.371 —=0.057 0.230
52556.4181 -0.531 -0.210 0.096 52556.5888 —-0.444 —-0.140 0.144
T T T T T T T T T T T T
06 F AU i
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Fig. 1. Differential U, B, and V' light, U-B and B-V colour curves of V776 Cas.

A small difference between the depths of the light
level of the primary and secondary minimum is
visible in the B light curve, but not in the U and V
light curves (see Fig. 1 and Table 3). The absence
of the significant phase dependence of colour
curves in Fig. | indicates a good thermal contact
between the components. The observations cover
two minima which were also given among other
minima of the system in Tanriverdi et al. (2003).

3. The light-curve analysis

To estimate the parameters of V776 Cas, we
used Djurasevi¢ (1992a)’s programme generalised
to the case of an overcontact configuration
(Djurasevié et al., 1998). The programme is based
on the Roche model and the principles arising
from the paper by Wilson and Devinney (1971).
The light-curve analysis was made by applying the
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Table 3
The light levels with the errors in the estimates and their differences in the light curves of V776 Cas
AU AB AV

Max. light at 0.25 —0.532+£0.006 -0.216 +£0.007 0.090 +0.005
Max. light at 0.75 -0.519+0.016 —-0.214+0.006 0.082+0.005
Min. light at 0.00 -0.374+0.013 —-0.056+0.011 0.230£0.007
Min. light at 0.50 —-0.380+0.015 —-0.069 +0.004 0.225+0.006
Amax(m0_25—m0_75) -0.013 -0.002 0.008
Amin(mo_[)()*moj()) 0.006 0.013 0.005
Depth of Min. I 0.157 0.160 0.140
Depth of Min. 11 0.139 0.145 0.143

inverse-problem method (Djurasevi¢, 1992b) based
on Marquardt (1963) algorithm.

According to this method, the stellar size in the
model is described by the filling factors for the
critical Roche lobes £, of the hotter primary and
cooler secondary component, respectively, which
tell us to what degree the stars in the system fill
their corresponding critical lobes. For synchro-
nous rotation of the components, these factors are
expressed as the ratio of the stellar polar radii, Ry,
and the corresponding polar radii of the critical
Roche lobes, i.e., Fi,c = Rnc/RRroche, .- 10 the case of
an overcontact configuration the potential €
characterising the common photosphere, is derived
with a filling factor of the critical Roche lobe
F, > 1 of the primary, while the factor £, may be
excluded from further consideration. The degree of
overcontact is defined in the classical way (Lucy
and Wilson, 1979) as:

f‘over[(yo] =100 - (Qh,c - Qi)/(go - Qi)»

where Q,., @Q;, and @, are the potentials of the
common photosphere and of the inner and outer
contact surfaces, respectively.

The present analysis yields Fy, > 1 for the filling
coefficient in the critical Roche lobe, i.e., the
overcontact configuration. Tidal effects are ex-
pected to contribute to synchronisation of the ro-
tational and orbital periods. Therefore, in the
inverse problem we adopted fi. = wpo/wx = 1.0
for nonsynchronous rotation coefficients, where
Jhe is the ratio of the angular rotation rate (o) to
the Keplerian (wg) orbital revolution rate.

In the analysis of the light curves, instead of the
often used and somewhat questionable practice of
forming normal points, we used the original ob-

servational data in order to avoid negative influ-
ences of such normalization. The mass ratio of the
components was fixed in the inverse problem at
q = me/my, = 0.130 £ 0.004, estimated by Rucinski
et al. (2001) from radial velocity solution. Based
on the spectral type of F2 V, the temperature of
the hotter — more massive component, 7, was set
at 6980 K.

Following Lucy (1967), Rucinski (1969) and
Rafert and Twigg (1980), the gravity-darkening
exponents of the stars, f8, ., and their albedos, 4y,
were set at the values of 0.08 and 0.5, respectively,
appropriate for stars with convective envelopes.

To achieve more reliable estimates of the model
parameters in the light-curve analysis programme,
we applied a quite dense coordinate grid, having
72 x 144 = 10368 elementary cells per star. The
intensity and angular distribution of radiation of
elementary cells are determined by the stellar ef-
fective temperature, limb-darkening, gravity-
darkening and by the effect of reflection in the
system.

A non-linear limb-darkening law has been used
in the present work to avoid the possible negative
influence of the wrong evaluation of limb-dark-
ening coefficients on other parameters in the in-
verse problem. In agreement with Claret’s (2000)
paper, whose tables we used, we chose the new
approximation which can be written as:

% =1l-a(l- ,ul/z) —ay(1—p) —as(1 — ,u3/2)

~

- a4(1 - #2)’

where a;,34 are the limb-darkening passband
specific coefficients and p=cosy. I(1) is the
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passband specific intensity at the center of the
stellar disc, and y is the angle between the line of
sight and the emergent flux. This law, based on the
Least-Squares Method, is able to describe the in-
tensity distribution over the whole stellar disk very
well, with very good flux conservations. For a gi-
ven metallicity, the values of the passband limb-
darkening coefficients are derived from the current
values of the stellar effective temperature 7. and
surface gravity log g in each iteration, by inter-
polation for both of these quantities in Claret’s
(2000) tables. This was achieved by bi-linear in-
terpolation (Press et al., 1992).

The computer programme for the light-curve
analysis can be run choosing among three possi-
bilities for the treatment of the radiation law: (1)
simple black-body theory, (2) stellar atmosphere
models by Carbon and Gingerich (1969) (CG), and
(3) the Basel Stellar Library (BaSeL).

The present light-curve analysis was carried out
using all three possibilities. The final choice of the
approximation used in the light-curve analysis is
made in such a way as to keep the disagreement
between different individual passbands solutions at
a minimum. In this case we found that BaSeL
model flux distributions, with the assumed solar
chemical abundance for the components of the
system ([Fe/H]=0), provided much better agree-
ment between the individual U, B, and V solutions
than the simple black-body theory or CG stellar
atmosphere models.

We have explored the “corrected” BaSeL model
flux distributions, consistent with extent empirical
calibrations (Lejeune et al., 1997, 1998), the fluxes
are calculated in each iteration for current values
of temperatures and logg, by bi-linear interpola-
tion for both of these quantities in the atmosphere
tables, for a given metallicity [Fe/H] of the com-
ponents. The surface gravities can be derived very
accurately from the masses and radii of CB stars,
but the temperature determination is related to the
assumed metallicity and strongly depends on
photometric calibration.

In the model for the light-curve synthesis we
have included the third light effect. The influence
of this effect on the light-curve shape is graphically
presented on Fig. 2. One can easily see that the
third light contribution in the total light of the

-0.05

The influence of the third light effect
on the light curve shape
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Fig. 2. The view of the synthetic light curves of V776 Cas with
different third light contribution (L;) to the total light of the
system (L; = 0.000, L; = 0.1, L3 = 0.2, and L; = 0.3).

system can significantly change the shape of the
light curve. Therefore, it is necessary to accurately
estimate this quantity. We must keep in mind that
the third light contribution in the total light cannot
be estimated by solving the inverse problem, i.e., in
the light-curve analysis. So, this has to be done in
an independent way. The contamination of the
light-curve by the third light evidently changes the
depth of the eclipses which is reflected above all in
the estimates of the orbit inclination and in the
degree of overcontact for the system. If we do not
take this effect into account we are going to have
an error in the estimates of the real parameters of
the system.

For a successful application of this model in the
analysis of the observed light curves, the inverse-
problem method proposed by Djurasevi¢ (1992b)
was used. Optimum model parameters are ob-
tained through the minimization of £(0 — C)?,
where O — C is the residual between the observed
(LCO) and synthetic (LCC) light curves for a given
orbital phase. The minimisation of (0 — C)* is
done in an iterative cycle of corrections of the
model parameters by using the modified Marqu-
ardt (1963) algorithm. In this way, the inverse-
problem method provides estimates of the system
parameters and their standard errors.

4. Results and discussion
The inverse problem of the optimisation of

system parameters provides well mutual consis-
tency between the solutions obtained in the anal-
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yses of individual U, B, and ¥V light curves. These
solutions are given in Table 4.

The first three rows of the table present the
number of observations n, the final sum of the
squares of the residuals between observed (LCO)
and synthetic (LCC) light curves

n

Z (01 - Ci)za

i=1

and the standard deviation of the residuals

The determination of system parameters is based
on a simultaneous fitting of the available light
curves in the U, B, and V photometric bands.

Finally, in Table 4 we present some important
absolute parameters of the system. They are de-
rived from the mass ratio of the components
q = m./my, = 0.13, estimated by Rucinski et al.
(2001) from radial velocity solution.

The errors of the parameter estimates arise from
the nonlinear Least-squares method, on which the
inverse-problem method is based. The uncertain-
ties of these parameters may be larger than we
estimated. Our estimate of the accuracy in the
determination of these parameters is based on the
influence of formal errors arising from the non-
linear method of the light-curve analysis. Keeping
in mind the errors of the input parameters of the
model, which are treated as fixed in the inverse-
problem method, the real errors of the parameters
will definitely be larger (approximately 2 times).
The main contribution comes from the error in
effective temperature of the primary fixed on the
basis of its spectral type, which means with a rel-
atively high uncertainty. Thus, the estimated error
of the temperature of the secondary component is
significantly larger than the tabular values ob-
tained under the assumption that the temperature
of the primary is accurate. The errors in the esti-
mates of the stellar radii are included (through the
filling factors), while the errors in the masses are
not formally used (the mass ratio is treated as
fixed), but certainly they contribute in real accu-
racy of the system parameter estimation. Because

of all these, the real error bars are larger than the
values given in the table.

Using the inverse-problem solutions for indi-
vidual light curves, Fig. 3 gives the graphical rep-
resentations of these results, where the optimum
synthetic light curves (LCC) and the observed light
curves (LCO) are shown (without L; treatment).
The O-C residuals between the observed (LCO)
and optimum synthetic (LCC) light curves are also
given. Finally the bottom of the figure shows the
view of the Roche model of the system V776 Cas,
obtained with the parameters estimated by analy-
sing the light curves. Using such plots, one can see
how the system would seem at a certain orbital
phase.

The light curves of V776 Cas have peculiar
shapes. The obtained orbital inclination explains
the characteristic shape of the light curves with a
relatively small amplitude which is due to partial
eclipses of the components in both of the photo-
metric minima. In the analysis of these light
curves, the inclination of the orbit was estimated
to be i ~ 53°.9 without, and i ~ 55° and i ~ 56°
with two different values of the third light effect
(L3 =0.091 and L; = 0.136), which suggests the
partial eclipses in both of the light-curve minima.
During the deeper (primary) minimum, the cooler
— less massive and smaller component partially
eclipses the hotter — more massive and larger one.
The filling coefficient for the critical Roche lobe Fj,
indicates a distinct overcontact configuration with
a high degree of overcontact (fover ~ 41% without,
and 55% and 58% with two different values of the
third light effect — L; = 0.091 and L; = 0.136).

It is evident in Table 4 and Fig. 3 that the
Roche model of the system gives a satisfactory fit
to the analysed light curves.

The influence of the third light contribution by
the visual companion of 9-13.6% of the total light
can be seen in Fig. 4 and in parameter differences
in Table 4. As seen from Fig. 4 the third light effect
(drawn only for L; = 0.136) reduces the amplitude
of the V light-curve only by A4 ~ 0".025. This
corresponds to an increase in orbital inclination i
of Ai = 55°.8 — 53°.6 = 2°.2 and to a change in the
degree of overcontact from fou, ~ 41.2% (L3 = 0)
to fover ~ 58.4% (L3 = 0.136) (see Table 4 — V-filter
solutions).
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Results of the analysis of V776 Cas UBV light curves obtained by solving the inverse problem for the Roche model. The V light-curve is
analysed with different third light effect (L; = 0.000, L; = 0.091, and L; = 0.136)

Quantity U-filter B-filter V-ilter v filter V-ilter

n 182 182 182 182 182

(0-C)? 0.0457 0.0138 0.0093 0.0092 0.0093

I 0.0158 0.0087 0.0072 0.0071 0.0072

L, 0.000 0.000 0.000 0.091 0.136

q = me/my 0.13

T, 6890

By = B 0.08

Ay = A. 0.5

o= /e 1.0

T. 6654 + 90 6544 + 49 6610 + 50 6616 + 48 6620 + 46

F 1.017 +0.001 1.019 +0.001 1.018 & 0.001 1.024 +0.001 1.026 & 0.001

i[’] 539+04 54.0+0.2 53.6+£0.2 547+£0.2 55.8+£0.2

ae +0.3756, +0.3364 +0.3074, +0.3075 +0.3746, +0.3824 +0.3744, +0.3811 +0.3743, +0.3805
ay* +0.8979, +0.8684 +0.9645, +0.8217 +0.8720, +0.7916 +0.8732, +0.7990 +0.8735, +0.8021
ar* —0.5459, —0.3941 —-0.6301, —0.3755 —0.7708, —0.6206 —-0.7726, —0.6325 —-0.7731, —0.6377
ae +0.1077, +0.0367 +0.1751, +0.0745 +0.2586, +0.1917 +0.2595, +0.1973 +0.2597, +0.1997
Q. 2.0149 2.0111 2.0129 2.0013 1.9984

Qi 2.0476 2.0476 2.0476 2.0476 2.0476

Qout 1.9633 1.9633 1.9633 1.9633 1.9633

Sover[70) 38.81 43.29 41.18 54.96 58.39

Ry[D=1] 0.526 0.527 0.527 0.530 0.531

R.D =1] 0.216 0.217 0.216 0.220 0.221

Ly(Ly, + L. + L3) 0.875 0.881 0.872 0.790 0.748

My[Ms)] 1.63£0.02 1.63 1.63

M. [M] 0.21£0.02 0.21 0.21

Ry[R:)] 1.71£0.02 1.73 1.73

R[R:) 0.71 £0.02 0.73 0.74

log gn 4.18£0.02 4.18 4.18

log g. 4.06£0.02 4.04 4.03

M 2.86£0.02 2.84 2.83

My, 4.94+0.03 4.88 4.86

dorb[Ro) 2.985+0.008 2.985 2.985

BaSeL approximation of stellar atmosphere ([Fe/H], . = 0.0 — adopted metallicity of the components)

Note: n — number of observations, £(O-C) —final sum of squares of residuals between observed and synthetic light curves, o —
standard deviation of the observations, L; — third light, ¢ = m./my — mass ratio of the components, T; . — temperature of the hotter
primary and cooler secondary, B, ., 4., fuc — gravity-darkening exponents, albedos and nonsynchronous rotation coefficients of the
components respectively, F, —filling factor for the critical Roche lobe of the hotter primary, i[°] — orbit inclination (in arc degrees), a}l“c,
aé"“, al;c, aﬂ'“ — nonlinear limb-darkening coefficients of the components (Claret’s formula), Q., Qi,, Qo — dimensionless surface
potentials of the components and of the inner and outer contact surfaces respectively, fover[70] — degree of overcontact, Ry, - polar radii
of the components in units of the distance between the component centres, Ly /(Ly + L. + L3) — luminosity of the more massive hotter
star, My o[M.)], Rnc[Ro], — stellar masses and mean radii of stars in solar units, log g, — logarithm (base 10) of the system components

effective gravity, Mtl,‘(ﬁ — absolute bolometric magnitudes of V776 Cas components and ao[Re] — orbital semi-major axis in units of

solar radius.

In general one can see in Table 4 that the
absolute dimensions do not differ too much. So,
the level of the third light effect produces rela-
tively small changes in the system parameters
and can be practically ignored in the case of
V776 Cas. However, it cannot be ignored in

systems like e.g. V899 Her (Ozdemir et al.,
2002), where we have a more pronounced third
light effect. A detailed treatment of the third
light effect can be done only if multi-colour
magnitude differences between the visual com-
ponents are available.
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Fig. 3. Observed (LCO) and final synthetic (LCC) light curves
of the V776 Cas with final O-C residuals obtained by analysing
the U, B, and V observations and the view of the system at
orbital phase 0.25, obtained with parameters estimated from the
observations.

V776 Cas

PHASE = 0.25
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Fig. 4. A comparison between the V' light curves of V776 Cas with and without the third light.

flected above all in the estimation of the degree of
overcontact and in the orbit inclination of the
system.
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Abstract

Photoelectric BVR light curves of the recently discovered eclipsing binary V351 Peg were studied for the first time to
derive the physical parameters of the system. The light curves were obtained at the TUBITAK National Observatory
(TUG) during three nights in August 2003. The solutions made by using Djurasevi¢’s inverse-problem method describe
the V351 Peg system as an overcontact configuration (foyer ~ 21%) with a very small temperature difference between the
components (AT = T,—T. ~ 21 K). Having in mind large difference in their masses, this suggests a good thermal con-
tact between the components, i.e. a significant energy transfer from the more massive primary onto the less massive
secondary. The bright area on the less massive star, near the neck region of the common envelope, can be taken as
a consequence of this energy exchange between the components. Roche model with this bright active region on the less
massive star successfully fits the observations. The relatively small amplitude of light curves arises from partial eclipse
caused by the low orbital inclination (i ~ 63°). The stellar temperatures (7}, ~ 7580 K and T, ~ 7560 K) and the esti-
mated values of the gravity-darkening exponents (f, ~ 0.20 and f. ~ 0.18) indicate that there is a mixture of radiative
and convective transport of energy.
© 2004 Elsevier B.V. All rights reserved.

PACS: 97.10.Nf; 97.10.Pg; 97.80.Fk; 97.80.Hn

Keywords: Binaries: eclipsing; Binaries: general; Stars: fundamental parameters; Stars: individual: V351 Peg
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photometric observations of the system show a
light-curve variation with an amplitude of 0™.309
ranging from 8".003 to 8".312. According to Hip-
parcos mission, this star is an RRc type pulsating
variable with a 0.30 day period. Gomez-Forrellad
et al. (1999) correctly classified the system as a
W Ursa Majoris (W UMa) type eclipsing binary.
They published V band light curve obtained using
a 6-cm telescope and determined the initial light
elements of the system. The light curve shows two
almost equal-depth minima with an amplitude of
0".32. Rucinski et al. (2001) obtained radial veloc-
ity curves of both components and determined a
mass ratio of ¢ = mJ/my, = 0.36. The indices (h,c)
refer to the hotter more massive and cooler less
massive component, respectively. Rucinski et al.
(2001) pointed out that the spectral type of the sys-
tem is A8 V and that it belongs to the W sub-class
of W UMa configuration. More recently, Selam et
al. (2003) published one minimum time of V351
Peg. We observed and analyzed the system in order
to carry out its full modelling.

2. The observational data and light curves

New observations of V351 Peg in BVR were ob-
tained at the TUBITAK National Observatory
(TUG) on the nights of 29, 30 and 31 August
2003, by using a SSP-5A photometer attached to
a 0.4-m Cassegrain telescope. BD + 15°4830 and
BD + 14°4974 were chosen as a comparison and
check star, respectively. The relevant catalogue
data for the stars are given in Table 1. A total of
888 observations was secured in B, V' and R pass-
bands. The extinction coefficients for each colour
were determined by observing the comparison star.

Table 1

The catalogue data for V351 Peg, comparison and check star
Parameter V351 Peg Comparison Check
BD +14°4990 +15°4830 +14°4974
%2000 23h5m5¢ 23h29"02¢ 2320"45°
32000 +15°41'19" +16°00'45" +15°02/53"
V 8”1.03'(1 7”’[.10'(\ 7771.65

B-V 0".344° 0".080%

% From Hipparcos Catalogue (ESA, 1997).

The differential B, V" and R magnitudes (variable
minus comparison star) corrected for atmospheric
extinction, are given in Table 5. The differential B,
V, and R light curves and B—V and V-R colour
curves are shown in Fig. 1. The error of a single
observation was estimated to be £0.012, £0.010,
and +0.009 in B, V, and R colour, respectively.
The observations cover three minima. Their tim-
ings were calculated using the method of Kwee
and van Woerden (1956) and are listed in Table
2 together with those published by Selam et al.
(2003) and Gomez-Forrellad et al. (1999). Thus,
by using the timings to compute the phase of the
observations, we determined the following light
elements:

HJD Minl = 2452881.3927(3)
+09.5932963(1) x E. (1)

The light levels estimated by averaging data
around the maxima and minima (by taking a A¢ =
+0.02 interval) and their differences are listed in
Table 3. The light curves are slightly asymmetric
with almost equal maxima. There is also no signif-
icant difference between the levels of the two mini-
ma in B, V and R colours (see Fig. 1 and Table 3).
There are slight variations in V-—R colour curve
around minima. The shape of the light curve indi-
cates the overcontact configuration of the system
with partial eclipse due to a small orbit inclination.

3. The light-curve analysis

We analyzed the light curves of V351 Peg using
the code by Djurasevi¢ (1992a) modified for over-
contact configurations (Djurasevi¢ et al., 1998).
The programme is based on the Roche model
and the principles arising from the paper by Wil-
son and Devinney (1971). The light-curve analysis
was made by applying the inverse-problem method
(Djurasevi¢, 1992b) based on the modified Mar-
quardt (1963) algorithm.

In the code, the stellar size is described by the
filling factors for the critical Roche lobes Fj, . of
the primary and secondary component, respec-
tively, which tell us to what degree the stars in
the system fill their corresponding critical lobes.
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Fig. 1. Differential B, V and R light, B—V and V-R colour curves of V351 Peg.
Table 2
Observed times of minimum of V351 Peg
HID 2400000+ Error Type Filter Reference
48500.4930 0.0010 1 A% Gomez-Forrellad et al. (1999)
52924.4121 0.0002 II UBV Selam et al. (2003)
52881.3928 0.0002 1 BVR This study
52882.5798 0.0004 I BVR This study
52883.4686 0.0003 I BVR This study
Table 3
The light levels and their differences in the B, V and R curves of V351 Peg
AB AV AR

Max. light at 0.25 1.033 £ 0.003 0.824 £ 0.003 0.665 £ 0.004
Max. light at 0.75 1.032 £ 0.005 0.820 £ 0.003 0.665 £ 0.004
Min. light at 0.00 1.370 £ 0.006 1.142 £ 0.006 0.985 £ 0.006
Min. light at 0.50 1.361 £0.003 1.134 £ 0.005 0.980 £ 0.004
Amax(ﬂ’lo_25*}’l’lo_75) 0.001 0.004 0.000
Amin(mg 0o—110.50) 0.009 0.008 0.005
Depth of Min. I 0.336 0.318 0.320

Depth of Min. II 0.328 0.314 0.315
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Table 4
Results of the simultaneous analysis of the V351 Peg B, V" and R light curves obtained by solving the inverse problem for the Roche
model with hot spot area in the neck region on the less-massive (cooler) component

Quantity Value

n 888

> (0- ¢y 0.0511

13 0.0076

q = mcmy, 0.36

ﬁLc 5 Ah.c 1.0 N 1.0

Ty 7580

Aps = Tig/ Te 1.066 * 0.005

Ons 413+0.9

Ahs 1827 + 08

Phs 23.8+22

T, 7559 + 15

Fy 1.020 £ 0.002
i(°) 63.0+0.1

BrsBe 0.20 + 0.01; 0.18 £ 0.01
a'£~° [B] +0.3665,+0.4102
ag“[B] +0.9718,+0.8917
aﬁ‘c (B] —0.7497,—0.9159
a,“[B] +0.2191,+0.3367
aE‘C[V] +0.4417,+0.3709
ag“[V] +0.7722,+0.9630
aﬁ*‘[V] —0.9245,-0.7462
a,; (V] +0.3560,+0.2214
“:‘:C R] +0.4138,+0.4440
aﬁ~° [R] +0.8932,+0.7786
a3 “[R] ~0.9288,—0.9424
dj°[R] +0.3455.40.3660
Qh,c ;fé)vcr(%)) 2.5496 5 20.64

Ry (D =1) 0.450, 0.284
Lp/(Ly + L) 0.700 [B]; 0.702 [V]; 0.703 [R]
My M) 1.627 £0.05
MM ) 0.586 % 0.02
Zn[Ro) 1.872 £ 0.03
Ae[Ro) 1.192 £ 0.03

log g 4.105 +0.03

log g. 4.053 £ 0.03
My, 2.246 +0.03

Mg, 3.238 £0.05
aorb[Ro] 3.868 +0.05

Note: n — total number of the B, V and R observations, > (O — C)? — final sum of squares of residuals between observed (LCO) and
synthetic (LCC) light curves, ¢ — standard deviation of the observations, ¢ = m/m;, — mass ratio of the components, fi ¢, fnc, Anc —
non-synchronous rotation coefficients, gravity-darkening exponents and albedo of the components, T}, . — temperature of the hotter
primary and cooler secondary, Ay, Ops, Ans and @ps — hot spot temperature coefficient, angular dimension, longitude and latitude (in arc
degrees), Fy, — filling factor for the critical Roche lobe of the hotter (more-massive) star, i (°) — orbit inclination (in arc degrees),
a'f‘c7 ag‘c, ag‘c, aZ‘C —non-linear [B;V;R] limb-darkening coefficients of the components (Claret’s formula), Q, . — dimensionless surface
potentials of the components, f,y.(70) — degree of overcontact, Ry, . — polar radii of the components in units of the distance between the
component centers, Lp/(Ly, + Lc) — [B;V;R] luminosity of the hotter star (including hot spot on the cooler one), .#yc[Ms], #nclRe] —
stellar masses and mean radii of stars in solar units, log gj, . — logarithm (base 10) of the mean surface gravity of the components, M gocl -
absolute bolometric magnitudes of V351 Peg components, and a.,[Re] — orbital semi-major axis in units of solar radius.

For synchronous rotation of the components, radii of the critical Roche lobes, ie. Fy.=
these factors are expressed as the ratios of the stel- Ryc/RRoche, .- In the case of an overcontact config-
lar polar radii, Ry, and the corresponding polar uration the potential €y, . characterizing the com-
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Table 5
Observational data for V351 Peg
HID AB AV AR HID AB AV AR HID AB AV AR
2400000+ 2400000+ 2400000+
52881.3775 1.344 1.116 1.116 52882.3198 1.259 1.045 1.045 52882.5558 1.341 1.101 1.101
52881.3789 1.350 1.120 1.120 52882.3215 1.260 1.033 1.033 52882.5587 1.336 1.103 1.103
52881.3827 1.358 1.127 1.127 52882.3244 1.245 1.038 1.038 52882.5603 1.337 1.110 1.110
52881.3842 1.364 1.133 1.133 52882.3260 1.253 1.034 1.034 52882.5634 1.350 1.117 1.117
52881.3871 1.364 1.135 1.135 52882.3292 1.245 1.005 1.005 52882.5649 1.357 1.128 1.128
52881.3886 1.369 1.141 1.141 52882.3308 1.224 0.994 0.994 52882.5693 1.349 1.119 1.119
52881.3915 1.373 1.140 1.140 52882.3370 1.212 0.979 0.979 52882.5714 1.357 1.127 1.127
52881.3932 1.373 1.141 1.141 52882.3468 1.192 0.959 0.959 52882.5755 1.366 1.135 1.135
52881.3960 1.367 1.138 1.138 52882.3483 1.183 0.956 0.956 52882.5770 1.359 1.143 1.143
52881.3980 1.367 1.137 1.137 52882.3511 1.175 0.950 0.950 52882.5801 1.379 1.153 1.153
52881.4015 1.358 1.137 1.137 52882.3528 1.167 0.943 0.943 52882.5818 1.370 1.152 1.152
52881.4033 1.356 1.134 1.134 52882.3557 1.161 0.927 0.927 52882.5843 1.367 1.137 1.137
52881.4060 1.339 1.117 1.117 52882.3572 1.137 0.936 0.936 52882.5864 1.354 1.144 1.144
52881.4078 1.352 1.123 1.123 52882.3601 1.152 0.916 0.916 52882.5891 1.357 1.132 1.132
52881.4111 1.343 1.128 1.128 52882.3616 1.143 0.927 0.927 52882.5905 1.346 1.127 1.127
52881.4129 1.334 1.117 1.117 52882.3645 1.131 0.909 0.909 52882.5934 1.348 1.120 1.120
52881.4161 1.341 1.106 1.106 52882.3661 1.137 0.917 0917 52882.5949 1.333 1.120 1.120
52881.4177 1.341 1.112 1.112 52882.3694 1.141 0.898 0.898 52882.5977 1.336 1.124 1.124
52881.4207 1.319 1.099 1.099 52882.3711 1.120 0.906 0.906 52882.5992 1.319 1.116 1.116
52881.4226 1.310 1.078 1.078 52882.3741 1.112 0.887 0.887 52883.3576 1.059 0.846 0.846
52881.4258 1.293 1.068 1.068 52882.3759 1.106 0.894 0.894 52883.3603 1.070 0.848 0.848
52881.4274 1.282 1.059 1.059 52882.3784 1.098 0.867 0.867 52883.3617 1.075 0.855 0.855
52881.4306 1.286 1.059 1.059 52882.3800 1.110 0.885 0.885 52883.3644 1.082 0.866 0.866
52881.4321 1.272 1.045 1.045 52882.3829 1.098 0.874 0.874 52883.3659 1.087 0.869 0.869
52881.4363 1.259 1.045 1.045 52882.3844 1.088 0.879 0.879 52883.3685 1.091 0.875 0.875
52881.4384 1.247 1.027 1.027 52882.3879 1.096 0.863 0.863 52883.3700 1.092 0.878 0.878
52881.4413 1.241 1.020 1.020 52882.3895 1.087 0.869 0.869 52883.3729 1.098 0.881 0.881
52881.4429 1.234 1.014 1.014 52882.3920 1.078 0.855 0.855 52883.3802 1.109 0.886 0.886
52881.4462 1.229 1.016 1.016 52882.3936 1.071 0.849 0.849 52883.3815 1.117 0.892 0.892
52881.4489 1.208 1.007 1.007 52882.3972 1.081 0.857 0.857 52883.3843 1.121 0.900 0.900
52881.4517 1.219 0.994 0.994 52882.3986 1.059 0.842 0.842 52883.3858 1.128 0.908 0.908
52881.4539 1.207 0.992 0.992 52882.4016 1.062 0.832 0.832 52883.3882 1.134 0.911 0911
52881.4568 1.203 0.985 0.985 52882.4030 1.049 0.834 0.834 52883.3895 1.141 0.916 0.916
52881.4597 1.186 0.967 0.967 52882.4146 1.033 0.820 0.820 52883.3922 1.151 0.928 0.928
52881.4626 1.182 0.966 0.966 52882.4256 1.035 0.818 0.818 52883.3936 1.160 0.938 0.938
52881.4643 1.159 0.942 0.942 52882.4272 1.026 0.823 0.823 52883.3960 1.167 0.941 0.941
52881.4747 1.140 0.924 0.924 52882.4352 1.037 0.817 0.817 52883.4134 1.207 0.980 0.980
52881.4765 1.127 0.934 0.934 52882.4374 1.032 0.822 0.822 52883.4155 1.214 0.987 0.987
52881.4797 1.131 0.909 0.909 52882.4405 1.032 0.818 0.818 52883.4186 1.219 0.997 0.997
52881.4817 1.114 0.902 0.902 52882.4420 1.039 0.826 0.826 52883.4201 1.234 1.023 1.023
52881.4854 1.103 0.893 0.893 52882.4447 1.037 0.819 0.819 52883.4290 1.243 1.025 1.025
52881.4872 1.096 0.885 0.885 52882.4463 1.040 0.825 0.825 52883.4305 1.265 1.035 1.035
52881.4910 1.094 0.882 0.882 52882.4491 1.043 0.825 0.825 52883.4335 1.273 1.055 1.055
52881.4925 1.093 0.830 0.880 52882.4507 1.040 0.823 0.823 52883.4351 1.276 1.048 1.048
52881.4957 1.078 0.864 0.864 52882.4538 1.051 0.835 0.835 52883.4379 1.285 1.057 1.057
52881.5047 1.073 0.849 0.849 52882.4553 1.053 0.838 0.838 52883.4394 1.295 1.061 1.061
52881.5061 1.060 0.857 0.857 52882.4586 1.042 0.843 0.843 52883.4422 1.305 1.076 1.076
52881.5092 1.054 0.842 0.842 52882.4601 1.049 0.840 0.840 52883.4437 1.308 1.085 1.085
52881.5108 1.048 0.851 0.851 52882.4636 1.063 0.851 0.851 52883.4467 1.318 1.087 1.087
52881.5135 1.053 0.845 0.845 52882.4651 1.055 0.852 0.852 52883.4482 1.326 1.095 1.095
52881.5151 1.042 0.834 0.834 52882.4677 1.061 0.857 0.857 52883.4508 1.337 1.108 1.108

(continued on next page)
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Table 5 (continued)
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HID AB AV AR HID AB AV AR HID AB AV AR
2400000+ 2400000+ 2400000+

52881.5192  1.045 0.829 0.829 52882.4692 1.073 0.865 0.865 52883.4522 1.340  1.111  1.111
52881.5209  1.042 0.835 0.835 52882.4718 1.074 0.856 0.856 52883.4547 1.337  1.108  1.108
52881.5240  1.038 0.826 0.826 52882.4732 1.072 0.855 0.855 52883.4561 1.343  1.124  1.124
52881.5328  1.038 0.821 0.821 52882.4764 1.082 0.866 0.866 52883.4590 1.349  1.127  1.127
52881.5343  1.030 0.828 0.828 52882.4852 1.086 0.886 0.886 52883.4604 1.347  1.132  1.132
52881.5373  1.029 0.827 0.827 52882.4868 1.099 0.895 0.895 52883.4633 1.353 1131 1.131
52881.5389  1.033 0.820 0.820 52882.4900 1.120 0.903 0.903 52883.4647 1.356  1.135  1.135
52881.5415  1.034 0.827 0.827 52882.4918 1.125 0.914 0.914 52883.4674 1.361  1.132  1.132
52881.5446  1.038 0.822 0.822 52882.4959 1.123 0.910 0.910 52883.4690 1.365  1.137  1.137
52881.5496  1.034 0.833 0.833 52882.4973 1.129 0.921 0.921 52883.4722 1.358  1.127  1.127
52881.5523  1.032 0.824 0.824 52882.5004 1.141 0.932 0.932 52883.4739 1362 1.139  1.139
52881.5559  1.041 0.833 0.833 52882.5096 1.170 0.963 0.963 52883.4769 1.357  1.135  1.135
52881.5669  1.043 0.835 0.835 52882.5110 1.179 0.951 0.951 52883.4784 1.355  1.132 1.132
52881.5687  1.052 0.854 0.854 52882.5201 1.192 0.978 0.978 52883.4817 1.340  1.116 1.116
52881.5731  1.048 0.849 0.849 52882.5217 1.204 1.005 1.005 52883.4833 1.342  1.120  1.120
52881.5750  1.059 0.851 0.851 52882.5255 1.229 1.021 1.021 52883.4866 1.324  1.094  1.094
52881.5781  1.077 0.858 0.858 52882.5272 1.219 0.994 0.994 52883.4882 1.322 1.089  1.089
52881.5826  1.088 0.863 0.863 52882.5304 1.237 1.008 1.008 52883.4925 1.316  1.089  1.089
52881.5856  1.090 0.858 0.858 52882.5317 1.248 1.026 1.026 52883.4944 1.307  1.089  1.089
52881.5871  1.086 0.867 0.867 52882.5358 1.266 1.020 1.020 52883.4976 1.303  1.077 1.077
52882.2992  1.331 1.103 1.103 52882.5374 1.260 1.042 1.042 52883.4992 1.294  1.063  1.063
52882.3007  1.336 1.101 1.101 52882.5402 1.262 1.045 1.045 52883.5036 1.285  1.045  1.045
52882.3035  1.312 1.108 1.108 52882.5418 1.277 1.045 1.045 52883.5051 1.275  1.049  1.049
52882.3050  1.304 1.091 1.091 52882.5445 1.280 1.056 1.056 52883.5083 1.264 1.027 1.027
52882.3086  1.287 1.072 1.072 52882.5462 1.297 1.058 1.058 52883.5108 1.235  1.025  1.025
52882.3103  1.303 1.090 1.090 52882.5489 1.285 1.059 1.059 52883.5180 1.199 0977  0.977
52882.3134  1.291 1.076 1.076 52882.5506 1.290 1.073 1.073 52883.5197 1.199 0987  0.987
52882.3151 1.274 1.083 1.083 52882.5534 1.312 1.080 1.080

mon photosphere, is derived with a filling factor
for the critical Roche lobe F}, > 1 of the primary,
while the factor F, may be excluded from further
consideration. The degree of overcontact is defined
as usually (Lucy and Wilson, 1979) through
dimensionless Q equipotentials

fover(%) = 1()O(‘Qh.,c - Qi)/(‘QO - ‘Qi)7 (2>
where @, ., @i, and Q, are the potentials of the
common photosphere and of the inner and outer
contact surfaces, respectively.

In this system tidal effects are expected to con-
tribute to synchronization of the rotational and or-
bital periods. Therefore, we adopted fn .= wn/
ok = 1.0 (synchronous rotation), where fj, . is the
ratio of the angular rotation rate (wy.) to the
Keplerian (wg) orbital revolution rate.

In the light-curve analysis, we used original
observational data instead of normal points in or-
der to avoid negative influence of such normaliza-
tion. The mass ratio of the components was fixed
at the value ¢ = m/my, = 0.36, estimated by Rucin-
ski et al. (2001) from radial velocity study. Having
in mind the spectral type A8 V the temperature of
the more massive component, in agreement with
Popper (1980) calibration, was set at 7}, = 7580 K.

In the light-curve analysis code we applied a
quite dense coordinate grid of 72 x 144 = 10,368
elementary cells per star. The intensity and angular
distribution of radiation of elementary cells are
determined by the stellar effective temperature,
limb-darkening, gravity-darkening and by the
reflection effect in the system.

According to the spectral type A8 V of the more
massive primary and on the basis of preliminary
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estimated temperature of the secondary, for the
initial values of the stellar gravity-darkening expo-
nents we used von Zeipel’s (1924) theoretical pre-
dictions f.=0.25 for the stars with radiative
envelope. Consequently, for the stellar albedos
the values Ay = 1.0 were used.

A non-linear limb-darkening law was used to
avoid possible negative influence of the wrong
evaluation of limb-darkening coefficients on other
parameters in the inverse problem. In agreement
with Claret (2000) paper, we chose a new non-lin-
ear approximation that can be written as

M)y a1 = ) — an(1 - )

1(1)
—a3(1 = 1?) = ay(1 = 42%), 3)

where a; 5 3 4 are the limb-darkening passband spe-
cific coefficients, /(1) is the passband specific inten-
sity at the center of the stellar disc and p = cosy
where 7 is the angle between the line of sight and
the emergent flux. This law, based on the least-
squares method, describes the intensity distribu-
tion over the whole stellar disk very well, with very
good flux conservation. Given metallicity, the val-
ues of the passband limb-darkening coefficients are
derived from the current values of the stellar effec-
tive temperature 7.y and surface gravity log g in
each iteration, by interpolation for both of these
quantities in Claret (2000) tables. This was
achieved by bi-linear interpolation (Press et al.,
1992).

The computer programme for the light-curve
analysis can be run choosing among three possibil-
ities for the treatment of radiation: (1) simple
black-body theory; (2) stellar atmosphere models
by Carbon and Gingerich (1969) (CG); (3) the
Basel Stellar Library (BaSeL). Also we can choose
between the individual and simultaneous solving
of the light curves in several filters.

The present light-curve analysis was carried out
using all three radiation treatments. The final
choice of the approximation used is made in a
way as to keep the disagreement between different
individual passband solutions at a minimum. The
best fit of observations was obtained by using the
corrected BaSeL model flux distributions. A change
in the assumed metallicity leads to a notable change
in the predicted stellar effective temperature. The

optimum chemical abundance of the components
was chosen by experimenting with values close to
the solar metallicity. The best fit of the B, V" and R
light curves was obtained with [Fe/H]=—0.1 for
both components of V351 Peg.

We examined the ‘“‘corrected” BaSeL model
flux distributions, consistent with existing empiri-
cal calibrations (Lejeune et al., 1997, 1998). In
solving the inverse problem of the light-curve
analysis, the fluxes are calculated in each iteration
for current values of temperature and log g, by bi-
linear interpolation (Press et al., 1992) for both of
these quantities in the atmosphere tables for the
given metallicity [Fe/H] of the components. The
surface gravities can be derived very accurately
from the masses and radii of CB stars, but the
temperature determination is related to the as-
sumed metallicity and strongly depends on photo-
metric calibration.

For a successful application of this model in the
analysis of the observed light-curves, the inverse-
problem method proposed by Djurasevi¢ (1992b)
was used. Optimum model parameters are ob-
tained through the minimization of (O — C)%,
where O — C is the residual between the observed
(LCO) and synthetic (LCC) light curves for a given
orbital phase. The minimization of (0 — C)* is
done in an iterative cycle of corrections of the
model parameters by using the modified Mar-
quardt (1963) algorithm. In this way, the inverse-
problem method provides estimates of the system
parameters and their standard errors.

The light curves of V351 Peg have a peculiar
shape. The analysis has shown that this system
has a very distinct overcontact configuration
where the less massive and smaller component par-
tially eclipses the more massive and larger one dur-
ing the deeper (primary) minimum. In order to
describe all the features seen in the observed light
curves we tested several different hypotheses. In
the first place we tested Roche model with no spots
on the components. So obtained synthetic light
curves do not fit the observations well. The devia-
tions of the fit from the observed light curves, i.e.
the O — C residuals indicate the existence of cer-
tain activity on the system components which de-
forms the light curves making them slightly
asymmetric. Solving the inverse problem we ob-
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tained the overcontact configuration with practi-
cally the same temperature of the components.
Having in mind considerable difference in the
masses of the components it is reasonable to sup-
pose that there is some energy exchange between
the components equilizing the temperature in the
common envelope. Due to the fact our next step
was to treat stellar albedos as free parameters in
the inverse problem solution. This procedure pro-
vided better fit of the observations. We obtained
that albedo of the less massive secondary is greater
than the expected one corresponding to the stars
with radiative envelope. It could indicate the exist-
ence of the hot region on the secondary in the neck
zone. So, using this hypothesis and fixing the alb-
edos at their expected values Ay, = 1.0 appropri-
ate for stars with radiative envelopes we solved
the inverse problem by optimizing the system
and hot spot region parameters.

In our code this active hot region on the sec-
ondary component is approximated by a circular
spot, characterized by the temperature contrast
of the spot with respect to the surrounding photo-
sphere (As = Ts/T,), by the angular dimension (ra-
dius) of the spot (As) and by the longitude (4s) and
latitude (¢ps) of the spot centre. The longitude (4g)
is measured clockwise (as viewed from the direc-
tion of the +Z-axis) from the +X-axis (line con-
necting the star centers) in the range 0-360°. The
latitude (@s) is measured from 0° at the stellar
equator (orbital plane) to +90° towards the
“north” (+Z) and —90° towards the ‘“‘south”
(—Z) pole.

Considering the stellar temperature estimations
(Teg~ 7600 K) we expect mixed (radiative and
convective) energy transport in the common enve-
lope. Because of that the gravity-darkening expo-
nents are treated as free parameters since their
values depend on the energy transport mechanism
in the envelope (see Claret, 1998). The best fit of
the observations is obtained with S, =0.20 and
.= 0.18. These gravity-darkening exponents esti-
mated in the light-curve analysis were compared to
theoretical predictions obtained on the basis of
Claret (1998) tables. By interpolating the data
from Claret’s tables we obtained the tracks for cor-
responding stellar masses, which are in good
agreement with our estimations of gravity-darken-

ing exponents. This result confirms Claret’s theo-
retical predictions for stars with partly convective
envelopes.

4. Results and discussion

The solutions of our simultaneous light-curves
analysis of V351 Peg are given in Table 4. The first
three rows of the table present the total number n
of B, VV and R observations, the final sum of the
squares of the residuals between observed (LCO)
and synthetic (LCC) light curves

POMCEEH

and the standard deviation of the residuals

Y0 -C)
(n=1)

In the same table the spot characteristics (spot
temperature factor, Ag= Ts/T., angular radius,
Os, longitude Ag and latitude ¢g) are also given.
These parameters are determined by a simultane-
ous fitting of the light curves in B, V" and R photo-
metric bands.

Finally, in Table 4 we present some important
absolute parameters of the system. They are de-
rived from the mass ratio of the components
q=mcmy =0.36 and semi-major orbital axis
dorp ~ 3.87, estimated by Rucinski et al. (2001)
from radial velocity solution.

The estimated errors of the parameters arise
from the non-linear least-squares method, on
which the inverse-problem method is based. The
real uncertainties of these parameters may be lar-
ger than the estimated ones (approximately 2-3
times). This is due to the influence of the errors
of the model input parameters which are taken
as fixed in the inverse-problem solution.

We obtained (see Table 4) that the temperatures
of the system components are quite similar, that
the secondary component is somewhat cooler
and that its mean gravity is smaller than the grav-
ity of the primary one, which holds true for A-type
W UMa systems.

The optimum fit of each passband observed
light curve (LCO) to the synthetic one (LCC) is
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Fig. 2. Observed (LCO) and final synthetic (LCC) light curves
of the V351 Peg with final O — C residuals obtained by
simultaneous analysis of the B, V and R observations, and
the view of the system’s Roche model at orbital phase 0.25,
obtained with the optimum system parameters estimated by
solving the inverse problem.

shown in Fig. 2. The final O — C residuals between
the observed (LCO) and optimum synthetic (LCC)
light curves are given too. Finally, the bottom of
this panel shows the view of the Roche model of
the system V351 Peg, obtained with the optimum
parameters, estimated by simultaneous analysis
of B, V and R light curves. Using such plots, one
can see how the system would seem at a certain or-
bital phase, chosen so that the bright region in the
neck zone is visible.

It is evident from Table 4 and Fig. 2 that the
Roche model with relatively large bright area
on the less massive star near the neck region be-
tween the components gives a satisfactory fit to
the analyzed light curves. In this active region
the temperature is increased by ~7% compared
to the surrounding photosphere as a consequence
of the intensive energy transfer from the primary
component to the secondary one through the
neck area.

In the analysis of these light curves, the inclina-
tion of the orbit was estimated to be i ~ 63°.0, sug-
gesting partial eclipses in both of the light curve
minima. The filling coefficient for the critical
Roche lobe Fj, ~ 1.020 indicates a distinct over-
contact configuration with degree of overcontact
f ;)Vf:r ~ 21%.

5. Conclusions

A summary of our results, given in Table 4,
proves that a Roche model with a bright active re-
gion on the less massive component of V351 Peg
can successfully simulate the observed light curves.
Synthetic light curves, obtained by solving the in-
verse problem, i.e. by simultaneous analysis of
the BVR passband light curves fit the observations
very well in all passbands of the photometric
system.

The obtained solutions show the system of
V351 Peg as an overcontact configuration
(fover ~ 21%) with a small temperature difference
between the components (AT =Ty, — T, ~ 21 K).
Having in mind large difference in their masses,
this suggests a good thermal contact between the
components, i.e. a significant energy transfer from
the more massive primary onto the less massive
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secondary. The hot area located in the neck region
on the less massive star can be a consequence of
this energy exchange.

The light curves with relatively small amplitude
are due to partial eclipse caused by the low orbital
inclination (i ~ 63°). The stellar temperatures
(Ty, ~ 7580 K and T, ~ 7560 K) and the estimated
values of the gravity-darkening exponents
(fn ~ 0.20 and f. ~ 0.18) indicate that in the com-
mon envelope there is a mixture of radiative and
convective transport of energy.
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Abstract. BVR light curves of the recently discovered eclipsing binary V351 Peg were studied to derive
the preliminary physical parameters of the system. The light curves were obtained at the TUBITAK*
Turkish National Observatory (TUG) during three nights in August, 2003. The solutions were made
using DjuraSevi¢’s inverse problem method. V351 Peg is a system in an overcontact configuration
(fover ~ 21 %) with a relatively small temperature difference between the components AT = 20 K.
The results suggest a significant mass and energy transfer from the more massive primary onto the
less massive secondary. The hot area on the less massive star, near the neck region, can be considered
as a consequence of this mass and energy exchange between the components through the connecting
neck of the common envelope.

Keywords: binaries, close-binaries, eclipsing-V351 Peg

1. Introduction

V351 Peg (HIP 115627, BD + 14° 4990; 8".0) was discovered as a variable star
by the HIPPARCOS satellite project (ESA, 1997). The HIPPARCOS photometric
observations of the system show a light curve variation with an amplitude of 0”.30,
and the star was initially classified as an RRc-type pulsating variable with a 0.20 day
period. Gomez-Forrellad et al. (1999) then correctly classified the system as a
W Ursa Majoris type eclipsing binary. They published a light curve obtained in the
V band and determined the initial light elements of the system. The light curve shows
two almost equally deep minima with an amplitude of 0”.32. Rucinski et al. (2001)
obtained radial velocity curves of both components and determined a mass ratio of
q = m¢/my = 0.36. The indices (4, c¢) refer to the hotter (more massive) and cooler
(less massive) component, respectively. Rucinski et al. (2001) pointed out that the
spectral type of the system is A8 V, and that it belongs to the W sub-class of W UMa
systems. More recently, Selam et al. (2003) published a minimum time of V351 Peg.
We observed and analyzed the system in order to determine its parameters.

*TUBITAK: The Scientific and Technical Research Council of Turkey.

Astrophysics and Space Science 296: 293-296, 2005.
— © Springer 2005
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2. Observations and Analysis

New observations of V351 Pegin B, V', and R were obtained at TUG on the nights
of August 29, 30, and 31, 2003, by using an SSP-5A photometer attached to a
40 cm Cassegrain telescope. BD + 15° 4830 and BD + 14° 4974 were chosen as
comparison and check stars, respectively. A total of 888 observations were secured
during the observing run in each filter. The probable error of a single observation
point was estimated to be +0.012, +£0.010, and +0.009 in B, V, and R colours,
respectively.

To estimate the parameters of V351 Peg, we used the DjuraSevi¢ (1992b) pro-
gramme generalized for the case of an overcontact configuration (Djurasevic et al.,
1998). The programme is based on the Roche model and the principles arising from
the paper by Wilson and Devinney (1971). The light curve analysis was performed
by applying the inverse-problem method (Djurasevié, 1992a) based on the Mar-
quardt (1963) algorithm. The observed and theoretical light curves, and the view
of the system at orbital phase 0.25 are shown in Figure 1. The non-linear limb
darkening coefficients were taken from Claret’s (2000) table.
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Figure I. Observed (LCO) and final synthetic (LCC) light curves of V351 Peg with final O-C residuals
obtained by analyzing B, V and R observations, and view of the system at orbital phase 0.25, obtained
with the parameters of the photometric solution.
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3. Conclusion

A summary of our results, given in Table I, proves that a Roche model with a hot
active region on the less massive component of V351 Peg can successfully simulate
the observed light curves. Synthetic light curves, obtained by solving the inverse
problem, fit the observations very well, and we find quite good agreement between
the solutions for individual light curves in different BVR filters of the photometric
system. All this suggests the consistency of our Roche model with the hot area on
the less massive star in simulating the real observations. Without assuming such an
active region one can only find fits of much poorer quality.

The results describe the V351 Peg system as an overcontact configuration
(fover ~ 20.6%) with a relatively small temperature difference between the com-
ponents of AT = Ty, — T, ~ 20 K. They also suggest a significant mass and energy
transfer from the more massive primary onto the less massive secondary. The hot
area on the less massive star, near the neck region, is a consequence of this mass
and energy exchange.

TABLE 1

Results of the simultaneous analysis of the V351 Peg BVR light curves obtained by solving the inverse
problem for the Roche model with the hot spot area in the neck region on the less-massive (cooler)
component

Parameter Value Parameter Value

q = myp/m. 0.36 (fixed) B 0.20 £0.01
Fover[%] 20.64 B 0.18 £0.01

i[°] 63£0.1 T,[K] 7580 (adopted)
Qe 2.5496 T.[K] 7559+ 15

Qin 2.5953 Ly/(Ly+ L.)[B;V;R] 0.700; 0.702; 0.703
Qout 2.3738 Aps = T/ T, 1.066 £ 0.005
Ry[D =1] 0.450 Ons 41.34+0.9
R.D =1] 0.284 Ahs 182.7+0.8

Fy 1.020 £ 0.002 Ons 23.8+£2.2

Jhe 1.0 (0 —-C)? 0.0511

Apc 1.0 o 0.0076

Note: ¢ = m./my: mass ratio of the components, fo.r [%]: degree of overcontact, i : orbit inclination
(in arc degrees), 2 ¢, i, Qow: dimensionless surface potentials of the components and of the inner
and outer contact surfaces respectively, Ry, .: polar radii of the components in units of the distance
between the component centers, Fj,: filling factor for the critical Roche lobe of the hotter (more-
massive) star, fhc, Anc. Pn.c: NON-synchronous rotation coefficients, albedo of the components and
gravity-darkening exponents, Tj, .: temperature of the hotter primary and cooler secondary, Ly /(Ly, +
L.)[B;V; R]: luminosity of the hotter star (including hot spot on the cooler one), Ay, bhs, Ans and
¢ns: hot spot temperature coefficient, angular dimension, longitude and latitude (in arc degrees),
(0 — C)?: final sum of squares of residuals between observed (LCO) and synthetic (LCC) light
curves, o : standard deviation of the observations.
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Abstract. Photoelectric UBV light curves of the recently discovered eclipsing binary HX UMa were
obtained and studied to determine the preliminary physical parameters of the system for the first time.
The observations were taken at the TUBITAK' — Turkish National Observatory (TUG) on three
nights in April 2003. A simultaneous analysis of the light and radial velocity curves yields a typical
A-type contact binary with a high degree of overcontact. The influence of the close visual companion
to the total light of the system was taken into account during the analysis.

Keywords: binaries, close-binaries, eclipsing-HX UMa

1. Introduction

The variability of HX UMa (HIP 058648, HD 104425, BD + 43° 2177) was dis-
covered during the HIPPARCOS mission (ESA, 1997). The character of the light
curve is of typical W UMa-type, with an amplitude of 0.17 mag. A close companion
at the distance of 0.63 arcsec was also discovered by HIPPARCOS. The initial light
elements were given in the HIPPARCOS catalogue as:

Min I = BJ D 2448500.3720 4 0Y.379156 x E (1)

The first radial velocity curve measurements of the system were obtained and
analyzed by Rucinski et al. (2003). They estimated the spectral type of the system as
F8V. Their radial velocity curve solution yields an A-type contact binary with a mass
ratio of ¢ = 0.291 £ 0.009. The system has the potential of an excellent combined
light and radial velocity curve solution. Thus, we obtained new photoelectric UBV
light curves of HX UMa and analyzed them simultaneously with the radial velocity
curves to obtain a consistent set of parameters of the system.

2. Observations and Analysis

HX UMa was observed in UBYV pass-bands at TUG on April 6, 27, and 28,
2003, by using an OPTEC SSP-5A photoelectric photometer attached to the 40 cm

I'TUBITAK: The Scientific and Technical Research Council of Turkey.
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— © Springer 2005



306 S. SELAM ET AL.

Cassegrain telescope. HD 103954 and HD 104882 were used as comparison and
check stars, respectively. A total number of 306 observations were secured in each
pass-band. The probable error of a single observation point was estimated to be
40.015, £0.010, and £0.008 in U, B, and V filters, respectively.

Newly determined primary and secondary minima based on our observations
were used together with the spectroscopically determined time of primary minimum
by Rucinski et al. (2003) to calculate the updated light elements of the system:

Minl = HJ D 2452757.5357(2) 4+ 04.3791574(1) x E 2)

The light curves were phased by using this updated light element. The observed
levels of both maxima are almost equal, which made the light curve analysis process
rather uncomplicated. The observed slight difference in minima led to a very small
temperature difference between the components.

To get a preliminary set of parameters for the system and find a good approx-
imation to the third light contribution in each passband, we initially preferred to
use the Nightfall code by Wichmann (1998), because the third light parameter L3
is an adjustable quantity in this programme, but not in the WD-code. Nightfall is
also based on Roche geometry, and all the principles to calculate theoretical light
curves of eclipsing binaries was taken from the WD code (Wilson and Devinney,
1971), however did not yield errors of the adjusted parameters. Therefore, after
having found a reasonable solution and good approximation to the L3 parameter
with the Nightfall programme, we obtained the final results of the analysis by using
the WD code. The magnitude difference between HX UMa and its close companion
was estimated to be Am = 3.274+0.10 in V-band by Rucinski et al. (2003). We
estimated the corresponding third light contribution in light units as L3 = 0.047
in V-band and fixed it during the Nightfall analysis. We also fixed the primary

TABLE I
Results derived from the light curve modeling of HX UMa

Parameter Value Parameter Value

f 58.7% Q) =Q 2.3395 4+ 0.0069
q = my/m 0.291 (fixed) T, (K) 6650 (adopted)
i (degrees) 48.854+0.60 T, (K) 6601 +47
ri(pole) 0.481 +0.001 Ly/(Ly+ L, + L3)[U] 0.731 +£0.004
r1(side) 0.525+0.001 Ls/(Ly+ L, + L3)[U] 0.013

r1(back) 0.559+0.001 L,/(Ly+ L, + L3)[B] 0.718 +0.003
ra(pole) 0.284 +0.001 Ls/(Ly+ L, + L3)[B] 0.032

r(side) 0.299 £ 0.001 Li/(Ly+ Ly + L3)[V] 0.708 +0.003

ra(back) 0.361 £0.002 Ls/(Ly+ L, + L3)[V] 0.047




PHOTOMETRY AND LIGHT CURVE ANALYSIS OF THE CONTACT BINARY HX UMa 307

1.00 +

0.90 1

NORMALIZED LIGHT

250

- it HX UMa
150 + -« o, Phase 0.25
S 2 T
sl PN
K4 B,
é -50 + 4
s
-150 + S
g
-250 } ; + +
000 020 040 060 080  1.00 S i=48.85°

PHASE

Figure 1. Top panel: Comparison between theoretical and observed light curves of HX UMa. O-C
residuals from the theoretical curves in each pass-band are also shown at the bottom of the panel.
Bottom left panel: Fits to the radial velocity data. Bottom right panel: Geometrical 3D model of
HX UMa as seen at orbital phase 0.25.

component temperature 7 at 6650 K according to the effective temperature versus
spectral type calibration of dwarf stars by Gray and Corbally (1994). The mass ratio
q = 0.291 was fixed at the spectroscopically determined value by Rucinski et al.
(2003). Bolometric albedos and gravity darkening coefficients of the components
were fixed at their theoretically adopted values for stars with convective envelopes.
Limb darkening coefficients were taken from the work by Van Hamme (1993).
The adjustable parameters were the orbital inclination 7, the mean temperature of
the secondary star 75, the potentials of the components £2; and €2,, the monochro-
matic luminosity of the primary star L, (Planck approximation is used to compute
the luminosities), and the L3 parameter for U and B passbands. The converged
solution reveals that the third light contribution from the close companion to the
total light of the system is almost negligible. After the Nightfall solution the last
version of the Wilson-Devinney Code WD-2003 (Wilson and Devinney, 1971) was
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used to perform the final analysis. We transferred the resulting parameters from
the Nightfall analysis to the WD code as input parameters and made several runs
to get the final solution by fixing the L3 parameters to the values obtained during
the Nightfall analysis. The fixed and adjustable parameters were the same. After
several runs we obtained the best fitting model in mode 3 of the WD code. The
parameters of the best fitting model are given in Table I. A comparison between
theoretical and observed light curves in UBV passbands, fits to the radial velocity
data and a 3D geometrical model of the system are shown in Figure 1.

3. Conclusions

Photoelectric U BV light curves of the eclipsing binary HX UMa were obtained and
studied to determine the preliminary physical parameters of the system for the first
time. The simultaneous analysis of the light curves together with the radial velocity
curves showed that the temperature difference between the components is only
about AT = T, — T. = 50 K. Thus, the system appears to be a typical A-subtype
W UMa system with a high-degree of over-contact configuration (f = 58.7%).
The slightly hotter and more massive component is eclipsed at primary minimum.
The third light contribution from the close companion to the total light of the system
was found to be almost negligible.
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Abstract. New photoelectric BV light curves were obtained for the neglected eclipsing binary V842 Her at the TUBITAK
National Observatory (TUG) and studied for the first time in detail to determine the orbital parameters and geometry of the
system. The solutions obtained simultaneously for the new light curves and the radial velocity curves in the literature by
using the Wilson-Devinney code reveal a typical W-type contact system. The light curves exhibit the so-called O’Connell
effect which the level of the primary maxima being higher than that of the secondary ones in both pass-bands. The O’Connell
effect in the light curves is explained in terms of a dark-spot located on the more massive component which makes the
more massive larger component slightly cooler than the less massive smaller one. The O — C' diagram constructed for all
available times of minima of V842 Her exhibits a cyclic character superimposed on a quadratic variation. The quadratic
character yields a orbital period increase with a rate of dP/dt = 7.76 x 10~ days yr~ ! which can be attributed to the mass
exchange/loss mechanism in the system. By assuming the presence of a gravitationally bound third body in the system, the
analysis of the cyclic nature in the O — C' diagram revealed a third body with mass of 0.4M, orbiting around the eclipsing
pair. The possibility of magnetic activity cycle effect as a cause for the observed cyclic variation in the O — C' diagram was
also discussed.

Key words: binaries: close — binaries: eclipsing — stars: individual (V842 Her) — stars: fundamental parameters
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1. Introduction

The variability of V842 Her (NSV 07457 = BD+50° 2255 =
BV 0103 = CSV 7268) was discovered by Geyer et al. (1955)
on Bamberg photographic survey plates taken between 1929-
1939. They indicated that the star has a maximum photo-
graphic magnitude of 9.7 and rapid light variations with an
amplitude of 0™7. Shortly after this discovery, Filatov (1960)
has suggested RR Lyr-type variability for that star based on
his inspections of photographic plates taken between 1939-
1959 at the Tadjikistan Observatory and gave a list of 17
photographic times of maxima. But, the real nature of this
variable star as a contact binary was identified recently by
Vandenbroere (1993a, 1993b) and, apparently independently,
by Nomen-Torres & Garcia-Melendo (1996) with their own
photometric observations. Diethelm (1994) has also con-
firmed the typical EW-type light variation based on his BV
photometry obtained in Rosemary Hill Observatory. Vanden-
broere (1993a, 1993b) has performed an extensive period-
search study with all available times of extrema (both minima
and maxima) and suspected a period increase. She has ob-

Correspondence to: selim@astrol.science.ankara.edu.tr

tained the following best-representing linear ephemeris from
her own visual and photoelectric observations:

Min I = HJD 2447643.1786(23) 4 094190306(25) x E.(1)

Independently, Nomen-Torres & Garcia-Melendo (1996)
have published a different ephemeris based on their 1996 ob-
servations as:

Min I = HIJD 2450177.4767(4) + 0341906(3) x E .  (2)

Both Vandenbroere (1993a, 1993b) and Nomes-Torres
& Garcia-Melendo (1996) have mentioned that their light
curves exhibit the so-called O’Connell effect which the pri-
mary maximum at orbital phase ¢ = 0.25 being higher
than that of the secondary one at phase ¢ = 0.75.
Nomen-Torres & Garcia-Melendo (1996) have applied the
Binary Maker Code (Bradstreet 1993) to their V-band light
curve and found a preliminary set of parameters of the sys-
tem (¢ = 3.8£0.2, ¢ = 79°0+2°0 and f = 0.2540.10) re-
sulting with a W-type contact system. They have preferred to
explain the O’Connell effect with a hot spot located on the
secondary (less massive) component. Csizmadia (2001) has
also observed V842 Her photometrically on four nights in

(©2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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April and May 2000 and tried to explain the orbital period
behaviour of the system.

The first radial velocity curves of the both compo-
nents of V842 Her has been obtained and analysed by
Rucinski & Lu (1999). They have also estimated the spectral
type of the system as FOV from their spectra. Their radial
velocity curve solution yields a W-type contact system with
a mass ratio of g5, = 3.852 &+ 0.024. Rucinski & Lu (1999)
have pointed out that the orbital period of about 0942 is some-
what long, and the spectral type of FOV is relatively early
for a typical W-type contact system. They have noted that
the system has the potential of an excellent combined light
and radial velocity curve solution. Thus, we have obtained
new photoelectric BV light curves of V842 Her and anal-
ysed them simultaneously with the radial velocity curves by
Rucinski & Lu (1999) to obtain a more reliable set of param-
eters of the system.

2. Observations

New photoelectric BV observations of V842 Her were ob-
tained at the TUBITAK National Observatory (TUG) on the
nights of 3 and 4 July 2003, by using an SSP-5A pho-
tometer attached to the 0.4m Cassegrain telescope. GSC
03497-00310 and GSC 03497-00349 were chosen as com-
parison and check star, respectively. The relevant catalogue
data for the observed stars are given in Table 1. A total of
135 and 146 observations were obtained in B and V pass-
bands, respectively. The nightly extinction coefficients for
each band were determined from the observations of the
comparison star. The magnitude differences in the sense of
variable minus comparison star together with their heliocen-
tric Julian dates are listed in Table 3. The probable error
of a single observation point was estimated to be £0.021,
and £0.014 in B and V bands, respectively. The differen-
tial B, V band light curves and B — V colour curve are
given in Fig. 1. Our new observations obtained at TUG cover
two minima, the timings of which were calculated by us-
ing the method of Kwee & van Woerden (1956) as Min I =
2452825.3883+0.0002 and Min II = 2452826.4379+0.0002.
Furthermore, we have obtained new photoelectric observa-
tions of the system on the nights of 24 and 27 July 2004
in UBV filters at Ankara University Observatory (AUO)
to have additional minima times for the system. The 0.3m
Maksutov-Cassegrain telescope with an SSP-5A photometer
head was used during this observing run. Two additional min-
ima times from these observations were also calculated by
using the method of Kwee & van Woerden (1956) as Min [ =
2453211.3187+£0.0005 and Min II = 2453214.4648+0.0004.
The photometric phases of the light and colour curves were
calculated with the following linear ephemeris which is cor-
rected by using recent photoelectric and ccd minima times
including our new times of minima:

Min I = HID 2450177.4857(4) + 0941904(3) x E . (3)

The light levels were estimated by averaging data around
the maxima and minima (by taking a A¢ = +£0.02 in-
terval) and their differences are listed in Table 2. The
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Fig. 1. Differential B, V' light and B — V' colour curves of V842
Her.

magnitude differences between the two maxima exhibit
the so-called O’Connell effect amounts to Am = Max
I — Max II = 0.033 and 0.032 for B and V bands,
respectively. Nomen-Torres & Garcia-Melendo (1996) and
Vandenbroere (1993a) have also mentioned that their V' light
curves exhibit O’Connell effect as Am = Max I — Max I
=0.03 and Am = Max I — Max II = 0.1, respectively. This
kind of light curve asymmetries are generally attributed to in-
homogeneities in surface brightness distribution (cool or hot
stellar spots) of the component stars in late-type contact bi-
naries.

Table 1. The catalogue information for V842 Her, comparison and
check stars

Parameter V842 Her Comparison Check

GSC 03497-00263  03497-00310  03497-00349
TYC 3497-310-1 3497-349-1
Q2000 16" 06™ 025 16" 06™ 04° 16" 05™ 16°
82000 +50° 117 12”7 +50° 07" 49"  +50° 06’ 47"
Br 10m729 11574 12169

Vr 10177 10™710 11180
B-V 0.512 0.758 0.857

Table 2. The light levels and their differences in the light curves of
V842 Her

AB AV
Max. light at ¢ = 0.25 -0.965+0.015  —0.69840.015
Max. light at ¢ = 0.75 -0.9324+0.015  -0.666+0.015
Amax (m0,75 — mo,zs) 0.033 0.032
Depth of Min. I 0.584 0.566
Depth of Min. II 0.515 0.471

3. The light curve analysis

Our new photoelectric light curves and radial velocity curves
by Rucinski & Lu (1999) were analyzed simultaneously with
the aid of revised version of light curve analysis method
(WD-2003) by Wilson & Devinney (1971) to obtain a con-
sistent set of physical and orbital parameters of V842 Her.
All photometric observation points and radial velocity data

(©2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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were considered during the analysis. Some parameters of the
model were fixed to their theoretical values according to the
known physical nature of the component stars such as bolo-
metric albedos A; = Ay = 0.5 (Rucinski 1969) and gravity-
darkening coefficients g3 = g2 = 0.32 (Lucy 1967). The
mass ratio (¢ = 3.852) and the velocity of the center of mass
(V, = —57.98 km s~ !) were set to the corresponding val-
ues determined by Rucinski & Lu (1999) and kept constant
during the solution. The effective temperature of the primary
component (7} ) was adopted from effective temperature cali-
bration for dwarf stars by Gray & Corbally (1994) according
to the spectral type FOV indicated by Rucinski & Lu (1999).
Square-root law limb-darkening coefficients =i, y1, x2 and
y2 were interpolated from van Hammes’s (1993) tables. Syn-
chronous rotation for both components (F; = F> = 1.0)
and a circular orbit (e = 0.0) for the system have been as-
sumed. The orbital inclination angle (7), the surface poten-
tials of the both components (€2, 2), the effective temperature
of the secondary component (7%) and the relative monochro-
matic luminosity of the primary component (L) were chosen
as adjustable parameters and the relative monochromatic lu-
minosity of the secondary component Lo was coupled to L
during the iterations. Although the profiles of the light curves
provide us some clues about Roche lobe filling components
and contact configuration of the system, we have initially
demonstrated different possible modes of WD code (i.e., con-
tact, semi-detached and detached configurations). The differ-
ential corrections proposed by different modes always yield
an over-contact configuration during these test runs. There-
fore, we have performed the final analysis in MODE-03 of
the WD code which is convenient for contact binaries.

By using the adopted effective temperature for the pri-
mary component as 77 = 6000 K which is corresponding
to the spectral type FOV by Rucinski & Lu (1999), no rea-
sonable solution could be obtained during the iterations. The
spectral type of the system was mentioned in New Catalogue
of Suspected Variable Stars as GO (Kukarkin et al. 1982) and
Rucinski & Lu (1999) emphasized that the spectral type of
F9 V is relatively early for a typical W-type W UMa system.
Taking into account this discrepancy on spectral type of the
system we have made a trial search on the effective tempera-
ture of the primary component and have reached a reasonable
solution only by decreasing the effective temperature of the
primary component to 77 = 5700 K which is correspond to
G2 spectral type according to the effective temperature cali-
bration for dwarf stars by Gray & Corbally (1994).

The observed light curve asymmetry in maxima (i.e., the
O’Connell effect) is attributable to inhomogeneities of sur-
face brightness distribution of the component stars and can
be tackled by invoking cool and/or hot spots on the surface
of one or both component stars after a reasonable geometric
solution was obtained during light curve analysis. In their pre-
liminary analysis Nomen-Torres & Garcia-Melendo (1996)
have found that the O’ Connell effect in their light curve could
be best modelled with a hot spot on the secondary component.
We have used two different spotted-solution; a cool spot on
the primary component and a hot spot on secondary com-
ponent during our analysis and found that the model with

(©2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig. 2. a) Observational and theoretical light curves with the O — C
residuals of V842 Her in B-Band b) same as a) but for V/-Band.

a cool spot placed on the primary component is converged
very quickly to a solution with a better (O — C)? residual
after several iterations. The resulting spot parameters were
co-longitude A = 290.5°, co-latitude § = 28.9°, spot radius
6 = 17°, and the temperature factor Ty = 0.75.

The results derived from our simultaneous light and radial
velocity curve modelling of V842 Her are given in Table 4
and represented graphically in B and V' bands with Fig. 2
a) and b), respectively. These figures also containing O — C
residuals from the model at the bottom of each light curve
for visual inspections about the goodness of fit. We believe
that the scatter in these residuals are mainly arise from the
measurement errors.

4. The orbital period of the system

The behaviour of the orbital period of V842 Her was
recently studied by Vandenbroere (1993a, 1993b) and
Csizmadia (2001). Vandenbroere (1993a, 1993b) has sus-
pected a period increase by analysing all available extrema
of the system while Csizmadia (2001) has stated that the or-
bital period of V842 Her has been constant in the last decade.
However he also pointed out that sudden period change or
changes in the past cannot be excluded for the system but
the available data is not sufficient to give a decision on that
matter. V842 Her is a neglected system after its’ discovery in
1955 and therefore the number of minima times of the system
are rather low in the literature. The interval of the available
minima times of V842 Her only cover the last 15 years by the
end of year 2004. All available times of minima in the liter-
ature were collected from their original sources and listed in
Table 5 together with our newly determined ones.
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Nomen-Torres & Garcia-Melendo (1996) haven’t pub-  Table 3. Observational data for V842 Her

lished the minima times relevant to their 1996 photome- —gp AD N D A5 N

try of the system. These times of minima were listed in _ 2400000+ 2400000+

the minima table by Csizmadia (2001) after a private com- 528253029 -09134  -0.6487  52825.5291  -0.9277  -0.6382
. . 528253075  -0.8886  -0.6262  52825.5340  -0.9165  -0.6244

munication between them and show rather large scatter in 528253099  -0.8800  -0.6218  52825.5355 -0.6006

the O — C diagram. We have also privately communicated ~ 528253114 -0.8845 06381 528255381 -0.9081  -0.6182
528253145 -0.8829  -0.6185 528255396  -0.8826  -0.6204

with Garcia-Melendo (2003) and he has kindly sent us their 52825.3162 20.6105  52825.5420  -0.8864  -0.6101
photometric data. We have recalculated the times of min- 328253187 -0.6040 - 52825.5435 -0.5760
. . ) . 52825.3342  -0.8089 -0.5710  52825.5459  -0.8253  -0.5799
ima from their original observations by using the method 528253358  -0.7932  -0.5658  52825.5498  -0.7925  -0.5441
of Kwee & van Woerden (1956) and found slightly different ~ 32825.3382 07840 -0.5516  52825.5546 -0.5618

. . 528253401  -0.7780  -0.5309  52825.5561 -0.5171
values from the published ones (compare the values in our Ta- 528253439  -0.7501  -0.5049 528263777 -0.8876  -0.6152

ble 5 and Table 1 by Csizmadia (2()()1)) ‘We should also note 52825.3479  -0.6972  -0.4668  52826.3795  -0.8654  -0.5885
528253513  -0.6493  -0.4318  52826.3823  -0.8510  -0.5622

that the minimum time listed as 2450228.5892 in the Table 528253532 -0.6367  -0.4247 528263841  -0.8222  -0.5910

1 by Csizmadia (2001) couldn’t be recalculated by us from ~ 528253562 -0.6143  -0.3728  52826.3868  -0.7982  -0.5687
528253634 -05165  -0.2987 528263885  -0.7821  -0.5641

the Garcia-Melendo’s (2003) original data due to the insuffi- 528253658  -0.4887  -02775 528263917  -0.7875  -0.5433

cient data points in the relevant night’s observations (ascend- ~ 328253693 -04353  -02380  52826.3969  -0.7344  -0.4913
528253709  -04445 02214 528263986  -0.7328  -0.4686

ing branch of the minimum profile is absent for that night’s 528253740 04229 -0.1742 528264014  -0.7098  -0.4393

observations). Three of the visual minima by Vandenbroere = 28253757 -04070  -0.1755 528264031 -0.7224  -0.4355
528253784  -03806  -0.1564 528264061  -0.6743  -0.4080

were also showed very large scatter in our initially formed 528253803 -03775 -0.1465 528264076 -0.6547  -0.4180
O — C diagram. Csizmadia (2001) have changed the type of ~ 52825.3829  -0.3645  -0.1430  52826.4103  -0.6362  -0.4000

.. . . 528253890 -0.3370 528264158  -0.5753  -0.3229
minima from primary to secondary or vice versa for two of 52825.3909 L0.1352 528264178  -0.5472  -0.2843
them and omitted one of them in his minima list. We have = 528253935 -0.1372 52826.4204 05426 -0.2758

) i ) i 528253953 -0.3519 528264222 -0.5222  -0.2905
privately communicated with Vandenbroere (2003) about this 528253084  -0.3990  -0.1538  52826.4249  -0.5070  -0.2746
three problematic minima and confirmed the corrected values 328254005 -0.4005 528264265  -0.4935  -02522

o 528254035  -0.4213  -0.1746 528264294 04808  -0.2272
of them. The change of type for the minimum 2451327.534 528254057 -04137 -02017 528264300 -0.4541  -0.2202
by Csizmadia (2001) was confirmed by Vandenbroere (2003) ~ 2825409  -0.4995  -0.2740  52826.4340 -0.2077

528254113 -04777 -02708  52826.4358 -0.2254

but not for the minimum 2449205.367 which is actually 508254144 05414 03129 528264385  -0.4487

a misprint in BBSAG Bull no.105 and should be read as 528254161  -0.5655  -0.3410  52826.4401  -0.4496  -0.2234
528254187  -0.6044  -0.3518  52826.4431  -0.4587  -0.2079

2449206.367. The same situation is also true for the mini- 528254207  -0.6308  -0.3793 528264448  -04804  -0.2384
mum 2449112.391 which was omitted by Csizmadia (2001) gggggﬁgg 'ggggé _8}3&155 g;g;gigz -0.4845 8%2;
and should be read as 2449112.504. There is another mis- 528254276 -0.7313  -04430 528264521  -05160  -0.2596

print in the literature for the minimum time 2453111.80053 ~ 528254292 -07366 04782 528264537  -0.5395  -0.2976
528254320 -0.7649 05031 528264563  -0.5363  -0.3017

by Nelson (2005) in which the type of minimum was listed 52825.4339 -0.7449 -0.4953 52826.4580 -0.5608 -0.3031
as primary instead of secondary. After the recalculations and 328254366 -0.7763 05115 528264608  -0.6060 03508
) X . 528254383  -0.7649  -05195 528264623  -0.5761  -0.3508
corrections we had a data set of 56 visual, 2 photographicand 53254418  -0.8083  -0.5608 528264651  -0.6453  -0.3932
30 photoelectric+ccd minima timings as listed in Table 5. 528254435 -0.8156  -0.5544 528264670  -0.6222  -0.4054
52825.4464  -0.8383  -0.5794 528264699  -0.6820  -0.4244

. . e . . 528254482 -0.8518  -0.5672 528264716  -0.6928  -0.4347

An O — C diagram with all these timings is plotted in 528254511  -0.8411  -0.5639  52826.4743  -0.7464  -0.4719

: : : e : 528254528  -0.8673  -0.6181  52826.4763 -0.4671
Fig. 3a by using the light elements given in Eq. (.3). Thf: t.1me e dsse 08727 06218 228264790 04943
span of the data is only 15 years, but systematic deviations 528254583  -0.8755  -0.6224 528264806  -0.7656  -0.4921

: i : _ 528254615  -0.8781  -0.6224  52826.4842 -0.5301
fr.om the linear ephemer}s 1S present in the current O .C 528254633  -0.9029  -0.6268  52826.4859  -0.7920  -0.5458
diagram. Although, the visual timings follow the same varia- 528254664  -0.9258  -0.6445 528264889  -0.8168  -0.5526
: : : : 528254689  -0.9344  -0.6674 528264908  -0.8048  -0.5870
tion character with th; others they were omitted during the 5700 T e a7l 928964934 08519 02067
further O — C' analysis due to their large amount of scat- 528254804 09463  -0.6833 528264954  -0.8207  -0.5797

; : 52825.4830 -0.6946 528264983  -0.8540  -0.6041
ter. This remov?ll does goF redu.ce the overall tlme. span cov 25875 4850 07010 29965043 08652 06085
ered by all available minima times and the remaining pho- 52825.4881  -0.9573 52826.5059  -0.8637  -0.6240

528254913 -0.9603 528265086  -0.8958

tographic, photoelectric and ccd minima are again cover an

) . 528254928  -0.9566 528265103  -0.8698
interval of about 15 years. The new form of O — C diagram 528254955  -0.9627 -0.6937 528265131  -0.9105  -0.6320
: : o 528254970  -0.9655  -0.7052 528265152 -0.6446
excll{dlng the ylsu.al minima and formed .by the rest of the 38294993 09603 06948 8265184 08774 0.6361
data is shown in Fig. 3b which has a obvious upward curv- 528255044 -0.9635 -0.7085 528265250  -0.9005  -0.6390
: : cioati s 528255060  -0.9734 52826.5267 -0.6519
ing parabolic character 1nd1(.:at1ng a period increase of the 8252085 09601 826370 09325 0.c679
system. The existence of this structure has also been sus- 528255100 -0.9478  -0.6707  52826.5403  -0.9182  -0.6521
: : 528255124  -0.9563  -0.6771  52826.5422 -0.6772
pected by C31zmad1a (2001), b‘%t h? has shovs{n that the SUMS 528055138 09371 07069 528265447 09173  -0.6672
of squared residuals are not significantly different for lin- 528255163 09432  -0.6992 528265502  -0.9420  -0.6555
: St _ . 52825.5220 -0.6539  52826.5545 -0.6642
ear and pargbohc approx1mat{0gs to Fhe 0 C data by us 528255250  -0.9187  -0.6499  52826.5585 -0.6370
ing the limited number of minima times available to him. 528255266 09209  -0.6597

Therefore he has concluded that it is too early to men-
tion about a period change for V842 Her. However, with
the current data, one additional structure in the O — C dia-
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gram came out which can be seen in the residuals from the
parabolic approximation in Fig. 3¢. This additional structure
has a smooth cyclic character superimposed on the general
quadratic trend. We have quickly tested the significance of
this cyclic character by looking the difference in the val-
ues of sum of squared residuals of the fits to the O — C'
data with only a parabolic and a parabolic+cyclic approxi-
mations. The sum of squared residuals (O — 0)2 turns out
to be 0.00139 day? and 0.00042 day? for pure parabolic and
parabolic+cyclic fits, respectively. There are two groups of
outliers of minima times in our data set which are encircled
in Fig. 3c; one by Garcia-Melendo (2003) (4 minima) and the
other by Agerer et al. (2003) (2 minima) around epoch num-
bers E ~ 0 and EE ~ 2990, respectively. If we have excluded
these outliers from the current analysis, we have reached an
improvement in the $(O — C)? by a factor of about 8. In
this case the resulting sum of squared residuals are 0.00055
and 0.00007 for pure parabolic and parabolic+cyclic approx-
imations, respectively. As seen from these values the sum
of squared residuals substantially improved when the cyclic
variation has been taken in account and we believe that the
observed cyclic variation is real in the O — C diagram.

The cyclic character has one minimum and almost two
maxima with the present observational data which could not
be realized by Csizmadia (2001) due to the insufficient cov-
erage of data in time. Four years of addition of new minima
times to the list of Csizmadia (2001) give the possibility to
see that variation. By assuming the presence of a gravitation-
ally bound third body in the system, we were performed an
analysis of this variation and derived the parameters of the
light-time orbit with the following equation which is based
on formulation by Irwin (1952):

1dP
[To + Porb x E + =— x E*+

0-0)= 2dE

O —

A { 1—¢2
V1—e€2cos2w "1+€ cosv

where

sin(v' +w )+€ sinw'}

“)

/ . N
aqysini V1 —e'2cos?w’

A =
2.590 x 1010

1s the semi- amphtude of the light-time effect in days, a12,
e i andw are the semi- major axis, eccentricity, inclination
and the longitude of the periastron passage of the orbit of the
eclipsing pair around the mass center of the system, respec-
tively, V' is the true anomaly of the position of the eclipsing
pairs’ mass center on the orbit, 2.590 x 1010 is the speed of
light in km/day. E, P,., Ty and dP/dE are stand for the
cycle number, orbital period, the reference epoch for the pri-
mary minimum and the rate of the secular period change of
the eclipsing pair, respectively. The epoch T of the perias-
tron passage and the period P2 of the third body orbit can be
derived from the parameters in Eq. (4).

We used the computer code called OC2LTE30 by
Ak etal. (2004) to determine the erght free parameters
(namely Ty, Porh, dP/dE, Pia, T, a12 sini’, €, w) by
least-squares fitting the (O — C) values with the theoreti-
cal function given in Eq. (4). By applying this procedure,

(©2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

we have found the parameters and their standard errors given
in Table 6. The estimated errors of these parameters arise
from the non-linear least-squares method, on which the in-
verse problem solving method is based. Therefore, the real
uncertainties of these parameters may be larger than the es-
timated ones, because this method does not taking into ac-
count the noise of the individual data points and possible cor-
relation between the fitted parameters. So, the current val-
ues of standard errors listed in Table 6 should be taken in
account as lower limits for their corresponding parameters.
These parameters were used to obtain the theoretical O — C'
curve which is plotted with a solid curve in Fig. 3b along with
the observed values. The value of the sum of the squares of
the residuals from Eq. (4) is (O — C)* = 0.00042 day?.
The residuals from the overall fit can be seen in Fig. 3d.

Table 4. Results derived from the simultaneous light and radial ve-
locity curve modelling of V842 Her in MOD-03 of the WD code.
The parameters without errors are coupled to the other parameters
or fixed

Parameter Value£Error
Fixed parameters:

A= As 0.5

gi = g2 0.32
FL=F 1.0

e (eccentricity) 0.0

V, [kms™!] —57.98
g(ma/m1) 3.852

T1 (K) 5700
z1(B,V) 0.539, 0.275
yi1(B,V) 0.347, 0.568
z2(B,V) 0.694, 0.403
y2(B,V) 0.177, 0.441
Adjusted parameters:

i [°] 77.74£0.74
Q=0 7.566+0.020
T> (K) 5362420
Li/Li+ L (B) 0.297+0.006
Li/Li+ Ly (V) 0.278+0.005
Ly/Li + Ly (B) 0.654
Ly/Ly+ Ly (V) 0.677
Roche geometry related dimensions:

r1 (pole) 0.261£0.001
r1 (side) 0.27340.002
r1 (back) 0.314+£0.003
r2 (pole) 0.476£0.001
ro (side) 0.517+0.002
r2 (back) 0.544+0.002
f (fill-out factor) 25.4 %
2(0 - C)? 0.02

5. Results and conclusions

New B and V light curves of V842 Her were obtained
and analysed simultaneously with the radial velocity curves
by Rucinski & Lu (1999). Revised version of the Wilson-
Devinney (WD-2003) code was used during this analysis.
The analysis yield that the more massive component is 338 K
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Table 5. All available minima times of V842 Her

HJD Min Type Meth O —C  Ref HJID Min Type Meth O —C  Ref HID Min Type Meth O —C  Ref
(2400000+) (2400000+)
47646.5258 1 vis 0.0293 1 49074.6000 1 vis 0.0254 3 51433.3550 1 ced  0.0211 14
47666.4470 2 ptg 0.0462 2 49075.4300 1 vis 0.0173 3 51660.4646 1 vis 00127 15
47670.4210 1 ptg 0.0394 2 49076.4590 2 vis  -0.0013 3 51664.4431 2 ced 00103 16
477244573 1 vis 0.0199 1 49112.5040 2 vis 0.0065 3 51668.4211 1 ced 00075 16
47758.4179 1 vis 0.0385 1 49124.4590 1 vis 0.0190 3 51670.5306 1 vis 0.0218 15
48072.4829 2 vis 0.0353 1 49124.6595 2 pe 0.0099 4 51722.4750 1 vis 0.0056 17
48086.5102 1 vis 0.0248 1 49206.3670 2 vis 0.0052 3 51782.4020 1 vis 0.0103 18
48148.3332 2 vis 0.0399 1 49237.3750 2 vis 0.0045 3 51786.3870 2 pe 0.0144 14
48513.3116 2 vis 0.0370 1 49296.2650 1 vis 0.0198 5 51816.3550 1 vis 0.0213 18
48622.6629 2 pe 0.0197 1 49780.6620 1 vis 0.0100 6 52053.5100 1 vis 0.0014 18
48661.6339 2 vis 0.0202 1 49799.5080 1 vis  -0.0006 6 52087.4550 1 vis 0.0044 19
48714.6430 1 vis 0.0212 1 49929.4182 1 ced  0.0081 7 52113.4560 1 vis 0.0251 19
48732.4452 2 vis 0.0143 1 50144.3803 1 ced  0.0042 8 52215.2800 1 vis 0.0231 17
48733.4994 1 vis 0.0209 1 50144.5898 2 ced  0.0042 8 52321.4980 2 vis 0.0152 17
48746.4931 1 vis 0.0245 1 50151.5038 1 ced  0.0041 8 52347.4840 2 vis 0.0209 19
48747.5362 2 vis 0.0200 1 50171.6103 1 ced 00032 9 52359.4217 1 ced 00160 20
48749.4341 1 vis 0.0322 1 50177.4767 1 ced  -0.0033 9 52367.3780 1 vis 0.0106 19
48755.5041 2 vis 0.0262 1 50178.5243 2 ced  -0.0033 9 52426.4670 1 ced 00154 14
48756.5507 1 vis 0.0252 1 50200.5350 1 vis 0.0080 10 52427.5141 2 ced 00149 21
48759.4833 1 vis 0.0245 1 50207.4403 2 ced  -0.0008 9 52452.4460 1 ced  0.0141 14
48760.5381 2 vis 0.0317 1 50516.4872 1 ced 00063 11 52764.4150 2 vis 0.0101 2
48763.4631 2 vis 0.0235 1 50538.4860 2 vis 0.0056 10 52825.3883 1 pe 0.0135 22
48768.4776 2 vis 0.0095 1 50541.4204 2 ced 00068 11 52826.4379 2 pe 0.0155 22
48803.4718 1 vis 0.0141 1 50556.4990 2 vis 0.0000 12 53081.8388 1 ced 00134 23
48811.4271 1 vis 0.0077 1 51030.4410 2 vis 00112 13 53111.8005 2 ced 00139 23
48862.3545 2 vis 0.0221 1 51326.4894 1 pe 0.0099 14 53134.6371 1 ced 00130 24
48877.4339 2 vis 0.0162 1 51327.5340 2 vis 0.0070 13 53211.3187 1 pe 0.0108 22
48888.3267 2 vis 0.0140 1 51425.3880 1 vis 00158 13 53214.4648 2 pe 0.0141 22
48983.6534 1 pe 0.0098 1 51430.4120 1 vis 00114 13
49061.5912 1 vis 0.0067 1 51430.4190 1 ced 00184 14

References: 1- Vandenbroere (1993a), 2- Hiibscher et al. (2003), 3- Vandenbroere, BBSAG Bull no.105, 4- Diethelm (1994), 5- Vandenbroere, BBSAG Bull no.107, 6-
Vandenbroere, BBSAG Bull no.110, 7- Diethelm, BBSAG Bull no.109, 8- Agerer et al. (1997), 9- Garcia-Melendo (2003) 10- Vandenbroere, BBSAG Bull no.115, 11-
Agerer et al. (1998), 12- Vandenbroere, BBSAG Bull no.116, 13- Vandenbroere, BBSAG Bull no.121, 14- Agerer et al. (2003), 15- Meyer (2000), 16- Csizmadia (2001), 17-
Diethelm (2004), 18- Hiibscher et al. (2001), 19- Hiibscher et al. (2002), 20- Blaetter, BBSAG Bull no.128, 21- Diethelm, BBSAG Bull no.128, 22- This study, 23- Nelson (2005),

24- Dvorak (2005)

Table 6. Parameters derived from (O — C') analysis

Parameters Value Standard Error
To [HID] 2450177.48750 0.00025
Peorp [days] 0.419034924 0.000000078
375 [days/cycle]  8.90x 10710 0.14x107 %0
appsini [AU] 1.275 0.075

e 0.480 0.039

w [°] 196.0 2.1

7 [HID] 2453140.0 37.1
P12 [year] 12.35 0.08

A [days] 0.0064 0.0002
fims) Mo ] 0.01267 0.00218

cooler than the less massive component due to a dark-spot on
its surface. The results of the light curve analysis indicate that
V842 Her is a rather evolved (fill-out f = 25.4%) W-type W
UMa contact binary where the less massive and smaller but
slightly brighter component is occulted at the primary mini-
mum. A view of the system’s Roche geometry at orbital phase
0.75 based on our final model can be seen in Fig. 4. The pa-
rameters from light curve analysis and the precise mass ratio
from radial velocity curve analysis by Rucinski & Lu (1999)
allows us to determine absolute parameters of the V842 Her
system as listed in Table 7. Moreover, we estimated the dis-
tance to the system by using these absolute parameters. Tak-
ing the bolometric magnitudes of the components and a bolo-
metric correction of —0™07 for the corresponding spectral
type, a distance modulus could be calculated as 5790 with

the assumption of Ay = 0. The dynamical parallax derived
in that way yields a distance of 151.48 4 2.30 parsecs which
is the first distance estimate for V842 Her in the literature.

Table 7. Absolute dimensions of V842 Her

Parameter Value

a[Ro) 2.831£0.010
Ri[Ro) 0.81240.009
Rs[Ro) 1.47440.010
Mi[Mo]  0.37840.004
My[Ms]  1.455+£0.026
Loggifcgs] 4.196+0.004
Loggalcgs] 4.264+0.002
Mol 5.263+0.023
Myol,2 4.2344-0.031

It is obvious from the O — C' analysis that the orbital pe-
riod of V842 Her is changing with a cyclic character super-
imposed on a monotonically increasing structure. The secular
character which was represented with a quadratic term in the
light elements during the analysis corresponds to a rate of
orbital period increase by dP/dt = 7.76 x 10~ 7 days yr—!
and can be attributed to mass exchange/loss mechanism in the
system. If the period increase is originated from the conserva-
tive mass transfer phenomenon, then the direction of the mass
transfer should be from the less massive to the more massive
component with a rate of about dM/dt = 3.15 x 1077 Mg,
yr~1. In case of conservative mass transfer one can also es-

(©2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



752 Astron. Nachr. / AN 326, No. 8 (2005) / www.an-journal.org
Years 0.6
1990 1995 2000 2005 V842 Her
0.05 bt Pt i T ol oz tor
A occd & pe
4 o
1 * vis E g 02+
0.04 + . £
] 4P g oo
i . 2
0.03 N 021
] H
] ‘. -0.4 +
0.02 1 e °
B o
] I -0.6 e ]
] i i -1.0 -08 -06 0.4 02 00 02 04 06 08 10 12 14
0.01 1 oo o . o o . Y sky coordinate
4 -~ e
B ° .
o] Fig. 4. The Roche geometry of V842 Her seen at phase 0.75.
T o

002}
-
] ° [c]
001+  »
] o
------ e __0
0o %
A . Lt Q
1 8- o,
0.00 . o ®
] o o
‘o o
1 o e
0014 o
0,02
1 o
0.01 } ° [d]
A
J ° o
o e % °
0.00 ] - . - o~ %28
o
E o
-0.01 —————+—+ e " ——t "

-8000 -6000 -4000 -2000 O
E

2000 4000 6000 8000

Fig. 3. a) The O — C diagram for all available minima times of V842
Her, b) same as in a) but for photographic and photoelectric& CCD
minima. The dashed curve representing the quadratic part of the fit-
ted function, while the solid curve is the overall fit, c) the residu-
als from the quadratic fit. The dashed curve representing the cyclic
part of the fitted function. See text for the encircled minima, d) final
residuals from the fitted curve.

timate the rate of change of the mass ratio using the formu-
lation given by Yang & Liu (2003). We calculated the rate of
change of mass ratio for V842 Her due to the mass transfer
in the system as dg/dt = —2.73 x 10~7 yr~!. However, it
should be noted here that the secular period change, studied
in the present paper, may be part of a long-period cyclic vari-
ation, which needs more photoelectric or CCD times of light
minimum to ascertain.

(©2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Under the assumption of presence of a gravitationally
bound third body in the system as a cause of observed cyclic
character in the O — C' we calculated the third body specific
parameters. The eclipsing pair completes a revolution on this
wide orbit in 12.35 £ 0.08 yrs. The projected distance of the
mass center of the eclipsing pair to the center of mass of the
triple system should be 1.275 + 0.075 AU. These values lead
to mass function of f(m3) = 0.0127 £ 0.0022Mg, for the
hypothetical third body. If the third body orbit is co-planar
with the systemic orbit (i.e., i =i="T7 74), its mass would
be 0.414+0.03 M. Then, Kepler’s third law gives the semi-
major axis of the orbit to be 7.01£0.04 AU. By adopting the
distance to V842 Her d = 151.48 parsecs obtained in this
study, we get the maximum angular separation of the third
body from the eclipsing pair to be 070462 £ 0.0005. Using
the mass-luminosity relation for main-sequence stars given
by Demircan & Kahraman (1991), we can estimate the bolo-
metric absolute magnitude of the third body for the given dis-
tance to be about My, = 894 4 0.2 which is about 45
fainter than the combined brightness of the binary system.
Thus, the third star, if it exist, is just at the detection limit of
various observational techniques. Especially, the mass of the
hypothetical third body which is comparable with mass of
the secondary component of V842 Her, turn out to be large
enough to permit its spectroscopic determination. However,
Rucinski & Lu (1999) have not mention a trace of a third
component in their work. Therefore the hypothetical third
body, if it exist, should be a very under-luminous compact
object in comparison to the main sequence stars or it may
also be a low-mass close binary system.

W UMa-type contact binaries, especially W-subtypes,
are well known to be magnetically very active, e.g. with
starspots, chromospheric emission, coronal X-ray emission,
and generally, the primary components of them are dominant
in the level of this activity. Applegate (1992) has shown that
any cyclic change in the activity level of one component in a
close binary system can produce cyclic variation in the orbital
period of the system. The basic idea of the magnetic activity
cycle effect on the orbital period of a binary system depends
on the existence of the spin-orbit coupling. Any change in
the rotational regime of a binary star component due to the
magnetic activity, will be reflected to the orbit as a conse-
quence of the spin-orbit coupling. As an alternative for the
cause of the observed cyclic variation in the O-C diagram of
V842 Her, we have calculated the activity related parameters
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by following the Applegate’s (1992) formulation as; the cy-
cle length P, . = 12.35 years, the amplitude of the cyclic
period variation AP = 0.323 sec cycle ™!, the angular mo-
mentum transfer of AJ = —3.56 x 107 g cm? s~! required
to produce the observed cyclic effect on the orbital period,
required energy AE = 1.25 x 10%! ergs for the AJ trans-
fer, the corresponding luminosity change AL = 1.01 x 1033
ergs s~ 1 and the brightness variation Am = 010 of the pri-
mary component, and finally the subsurface magnetic field
B = 12.6 kG of the primary component. Applegate (1992)
also predicts that i) the long-term light variation and the O-C
curve formed by the times of minima should have the same
cycle length, ii) extrema in one should coincide with extrema
in the other, and iii) the colour of the system should become
bluer as the active star brightens. Unfortunately, we do not
have enough precise and long-term photometric observations
for V842 Her to check such brightness variations. But there
is an evidence about the variable amount of O’Connell effect
in the light curves of V842 Her (see Section 2). So, the sys-
tem deserves to long-term photometric monitoring to clarify
its plausible magnetic activity cycle characteristics.

It is important to distinguish the responsible mechanism
for the observed cyclic variations in the O-C diagrams of
the close binary stars. The light-time effect should give more
strict periodicities than the magnetic activity cycle in the O-C
diagrams. From the analogy of magnetic activity cycles in the
Sun and chromospherically active stars, we know that the cy-
cle periods and amplitudes can vary even from cycle to cycle.
Therefore, their reflections in the O-C diagrams should have a
quasi-periodic character. We can not discriminate the respon-
sible mechanism for the cyclic variation in the O-C diagram
of V842 Her at the moment due to the short time-span of the
observational data. Only long-term systematic observations
will give us a chance to decide on this matter.
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