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V, R & I LIGHT CURVES OF CONTACT BINARY SYSTEM AK HerVARRICATT, WATSON P.1; ASHOK, N. M.21 Joint Astronomy Centre, 660 N. A'ohoku Pl., University Park, Hilo, Hawaii, 96720, USA2 Physi
al Resear
h Laboratory, Navrangpura, Ahmedabad, India | 380009
AK Her is a W UMa type 
onta
t binary system, �rst dete
ted by Pi
kering (1917). Itis the brighter 
omponent of the visual binary ADS 10408, with the fainter 
omponent at aseparation of 4:007. Previously obtained light 
urves show the primary minima fainter thanthe se
ondary minima and Max II fainter than Max I (Bookmyer 1972). The se
ondaryminima observed by Bookmyer were also seen to be slightly shifted from phase 0.5.Many studies have gone into the period variations of AK Her. The system was pre-viously seen to be showing a sinusoidal O � C 
urve and thus a periodi
 variation ofthe orbital period. Bookmyer and Kait
hu
k (1979) suggested the presen
e of an unseenadditional 
omponent in the system. Rovithis-Livaniou et al. (1999) and Varri
att, Ashok& Chandrasekhar (1995) have reported the departure of the re
ent values of O �C fromthe sinusoidal nature. In this paper, we present new epo
hs of primary and se
ondaryminima and an analysis of the light 
urves of AK Her obtained by us in the V , R & Iphotometri
 bands.AK Her was observed from the Mt. Abu Observatory, Rajastan, India during 1994with a 140 teles
ope and an HPC-1 Spe
tra Sour
e CCD 
amera. Observations were donein the V , R & I bands using Johnson �lters. BS 6337 was used as the 
omparison star.Fig. 1 shows the observed light 
urves in the three bands. We later noti
ed that BS 6337is a variable (Per
y & Fleming 1992). So part of the s
atter in the light 
urve 
an beattributed to the 
omparison star. However, during the period of our observations, itsvariability would not have 
aused too big errors. Observations are taken over severalorbital 
y
les 
overing many primary and se
ondary minima. The errors in the observedmagnitudes are 0:m03 in the V band and 0:m04 the R & I bands. The observed light 
urveshave light 
ontribution from the visual 
ompanion. The system is slightly fainter aroundphase 0.75 than around phase 0.25 in all the three bands. The primary minima are deeperthan the se
ondary minima and the se
ondary e
lipse is total.Times of minima are 
al
ulated by �tting a series of Legendre polynomials to theobservations of the e
lipse and applying a method similar to Kwee{van Woerden (Kwee& van Woerden 1956) to the �tted polynomial. Sin
e, sometimes the observation of thelight 
urve 
lose to the minima were not very frequent, this was essential. Wheneverthere are observations of the same e
lipse in di�erent photometri
 bands, individuallydetermined moments of minima are averaged to in
rease the a

ura
y of the determinedepo
hs. 4 epo
hs of primary minima and 3 epo
hs of the se
ondary minima are obtainedfrom our observations. The errors in the determined epo
hs are due to the ina

ura
ies in
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the photometry and the insuÆ
ient sampling of the light 
urve around regions of minima.The epo
hs determined and the values of O � C are given in Table 1. The O � Cs areevaluated using the ephemeris given by Woodward (1942):Min I = 2422977:254 + 0:d42152207� E:The values of O � C evaluated from our data depart signi�
antly from the previously
onsidered sinusoidal O � C 
urve and are 
onsistent with the in
reasing trend seen byRovithis-Livaniou et al. (1999) from their data taken during the period 1985{87, andTun
a et al. (1987). The epo
hs of primary minima obtained by Albayrak, M�uyesseroglu& �Ozdemir (2000) also show this in
reasing trend of the O-C values. Re
ent work by Li,Zhang & Han (2001) shows that the period variation of AK Her 
ontains one 
omponentof long term de
rease and three other 
omponents of periodi
 variations.

Figure 1. Filled 
ir
les show the observed points (AK Her� BS 6337). The model �t is shown by the
ontinuous line
The observed light 
urves in the three bands, V , R & I are shown in Fig. 1. Theobserved points are normalized in phase bins of 0.014. V , R & I light 
urves are analyzedsimultaneously using the Wilson{Devinney light 
urve interpretation program (Wilson &Devinney 1971, Wilson 1993). Due to the large noise in the light 
urves, we have notattempted a �t for all the parameters. The primary and the se
ondary temperatures(T1 = 6400 K, T2 = 6030 K), in
lination (i = 81:Æ80), mass ratio (q = 0:2331) andsurfa
e potential (
 = 2:2980) were �xed to the values given by Lu
y & Wilson (1979).
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Table 1: The times of minimum light of AK Her, derived from the present observationsHel. JD Min. Epo
h O � C2440000+ Type (days)9486:3778 I 62889 0.02239490:3894 II 62898.5 0.02959491:4403 I 62901 0.02669492:2806 I 62903 0.02389494:3923 I 62908 0.02799495:4460 II 62910.5 0.02789496:2906 II 62912.5 0.0294

Table 2: Elements obtained from the analysis of V , R & I light 
urves of AK Her. A supers
ript fimplies that parameter was �xed during the analysisParameter Photometri
 Bands ObservedV R Ir2/r1 0.519xf1 0.600 0.470 0.400xf2 0.620 0.490 0.390xf1;bol 480xf2;bol 495L1=(L1 + L2) 0:842� 0:002 0:828� 0:002 0:824� 0:002L2=(L1 + L2) 0:158� 0:002 0:172� 0:002 0:176� 0:002l3 0:032� 0:001 0:032� 0:001 0:036� 0:001
Gravity darkening 
oeÆ
ient was taken to be 0.32. A linear law was adopted for the limbdarkening and the values were adopted from Al Naimiy (1978) and Van Hamme (1993)for the mono
hromati
 and bolometri
 limb darkening respe
tively. The adopted valuesof limb darkening 
oeÆ
ients (x) are shown in Table 2. The re
e
tion albedo was �xedat 0.5. The light 
urves were �tted with L1, L2 & l3 as free parameters. Table 2 givesthe parameters evaluated in ea
h band. Subs
ripts 1 & 2 refer to the primary and these
ondary 
omponents. L1 & L2 derived by us are similar to those obtained by Rovithis-Livaniou et al. (2001). The value of l3 shown is the third light normalized by the systemi
light at phase 0.25. The visual 
ompanion is expe
ted to be the main 
ontributor to thethird light.
Referen
es:Albayrak, B., M�uyesseroglu, Z. & �Ozdemir, S., 2000, IBVS, No. 4941Al Naimiy, H. M., 1978, Ap&SS, 53, 181Bookmyer, B. B., 1972, PASP, 84, 566Bookmyer, B. B. & Kait
hu
k, R. H., 1979, PASP, 91, 234Kwee, K. K. & van Woerden, H., 1956, Bull. Astron. Inst. Neth., 12, 327Lifang Li, Fenghui Zhang & Zhanwen Han, 2001, A&A, 368, 595Lu
y, L. B. & Wilson, R. E., 1979, ApJ, 231, 502



4 IBVS 5143
Per
y, J. R., Fleming, D. E. B., 1992, PASP, 104, 96Pi
kering, E. C., 1917, Harward Cir
., No. 201Rovithis-Livaniou, H., Kranidiotis, A., Fragoulopoulou, E., Sergis, N. & Rovithis, P.,1999, IBVS, No. 4713Rovithis-Livaniou, H., Fragoulopoulou, E., Sergis, N., Rovithis, P., Kranidiotis, A., 2001,Ap&SS, 275, 337Tun
a, Z., Keskin, V., Akan, C. M., Evren, S. & Ibanoglu, C., 1987, Ap&SS, 136, 63Van Hamme, W., 1993, AJ, 106, 2096Varri
att, W. P., Ashok, N. M. & Chandrasekhar, T., 1995, Bull. Astr. So
. India, 23,443Wilson, R. E., 1993, ASP Conf. Ser. (Leung, K. C. & Nha, I.-S., eds.), 38, 91Wilson, R. E. & Devinney, E. J., 1971, ApJ, 166, 605Woodward, F. J., 1942, Harward Obs. Cir
., No. 446


