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PHOTOMETRY OF ZETA AURIGAE DURING THE 1977 AND 1978-80 ECLIPSES

S. MOHIN, A.V, RAVEENDRAN and M.V, MEKKADEN

ABSTRAGT

U8V photomstry of Zsta Aurlgas during the 1877 and 1878-80 sollpaes ls presanted From an analyals of the
avallabla phatometry, It ts congludad that the long tem) Intrinalo verlation in the brightness of the late-typs super
glanl companion, aa olaimed by varlous investigators, e far irom certain,
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Introduotlon

The wall known eclipaing blnary system Zeta
Aurlgas, which consists of a K-type supergiant and a
B-type maln sequence etar, has been the subjsot of
Intenslve photometric and spectroacoplo studles by
sevaral [nvestlgators (Wright 1870}, Roach and Wood
(1862) have shown that the duratlon of the effects of
the ecllpse strongly depends on the wavalength reglon
of obaarvetlon, the duratlon belng longar at shorter
wavelongtha., The light loas from the early-type maln
eequence star has been attributed to extinction by the
extanded atmosphere of the |ate-1ype superglant rather
than due to occulatlon by an opaque body. Recently,
IUE observations In the far ultraviolet show that the
offecta of the atmosphere of the X-type auparglent on
the radlation from the B-type maln ssquence star can
be seen speciroscoploally even about eeventy daye
prior 1o the dstectlon of the affects of the ecllpse
photometrically (Chapman 1880). Contradictory
puggesilons regarding the varlatlon of the radiue of
the late type companion have been made by different
authors. Lersson-Leander (19681) suggested a gradual
decrease of the radlus of the superglant from the
varlation in the depths of sclipasa. Howaver, from an
analysls of the duratlon of totallty of the eolipees,
Klyokewa (19687) proposed s gradual Increass of the
radlus of the star, whereas Saljo and Salte (1978)
prefer a parlodic nonradial pulsation of the superglant.
Intrinelc varlations In the brightness of the late-type
companlon have been reported In the lltersture
(Lareson-Leander 1861, Bappu ot &/, 1866, Kiyokawa
ot al. 1872).

in thls papsr we present the reaults of photo-
electrlo photometry of Zsta Aurigae In the Stendard
UBY eystem obtalned durlng the 1977 and 1979-80
acllpses. The avallable narrow band and U8BV photo-
metry ls analysed to see the neture of the Intrinslc
varlatlons of the late type &superglant quoted In the
literature.

Obaervations

Durlng the 1977 eolipse, Zeta Aurigae was
observed on 29 nighta befors Ingress, three nighta
during the early part of the Ingrass, and seven nights
Inelde totallty. Poor weether conditlons and the large
hour angle of the ster prevented obsarvatlons both
during and after the egress. Durlng the 1879-80
ecllpse, the star could be obasrved on one night In
the eerly perlod of the Ingress, nina nights Inslde
totellty, three nights during the later part of the egress,
and ten nighta outelds the eclipsa after the egress.
QObesarvations could not be abtalned bafors and during
the Ingress becauss of bad weather conditions.

Obaervations were made through stendard UBY
flitera with the 34-cm Cassegraln reflector of the
Kavalur Observatory. An unrefrigerated 1P21 photo-
multipller together with a conventlonal d.c. sat up,
oons!sting of a d.o. ampllfler and & etrlp chart recorder,
was usad throughout. Howaevar, a part of the 1979-80
obeervatlons were recorded on a pulse counting
system, All measurements wers made differentlally
with respect io the primary comperlson Lambda
Aurigae, As a secondary compatison, Two Aurlgae was
also obsarved. From the atmospherlo extinction fres
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megnltudes, obtalned using tha approprlaté meen Table 2. D(ffarentlal U8V magnitudes of Zeta Aurigae during
values of axtinctlon coefficlents, the magnitude end 1877 solipze.

colour diferences (In the sense, Zeta Aurigae - Lambda JD Avu Ar Ay
Aurigas) were determined. Theas, in turn, were trans-

" 2443000,+

formed 1o the etanderd U/BV system of Johneon and 145.549 ~0.014 —0.350 —0.088
Morgan (Johneon 1883). Separate trensformation 149,286 —0.043 —~0.284 —0.878
coefficlents were used for the 1977 &and 1879-80 160.220 —0.072 —0.366 —1.012
observatlons, The observatlonal results are summarlsed 162.247 +0.033 —0.341 —0.883
In Tables 1, 2, end 3. 163.1a8 +0.022 -0,327 —0,870
154,250 . ~0. -0
Table 1. Differentlal magnitude and ooloura of Two Autigae 160,118 igg:; _gg:sn _g:;
Prsssnt study Nlcolst 187.084 +0.034 —0.318 —0.883
el AP nt AU L #8234 loo»t  _osss  -oow
Av +0.081£0.019  0,089::0.003 +0.07 - 180.074 +0.031 —0.332 —1.024
Az—v)y 4078640018  40.780-:0.004 +0.76 197,880 +0.018 —0.344 —0.688
A(u—8) 415780020 +1.43840.003  +1.4¢- ;:2::9’: —:-3:: —0-23; —g-:;:
+0. -0, -0
201.107 +0,018 —0.296 —0.887
Table 1 gives the dlfferantlal magnitude and
02, . -0. -0
colours of Two Aurigse with respect to Lembda 203::19 Ig;g _g;;: _gm
Aurlgee obtelned by us (In the senes, Two Aurligae - 204.203 +0.003 —0.366 —0.905
Lambda Aurigae). Simllar values derlved from the '207.118 +0.011 —0.923 —0.885
catalogue of Nicolet (1878) are also glven for a 208.122 +0.021 -0.272 —0.078
comparleon with our results The AVand A (BTW 210,147 +0.014, —0.915 —0.687
values of the two determinatlone and the A {U—8) 212.137 140.026 —0.328 —0.803
values obtalned during the 1978-80 observing run 213.148 +0.019 —0.902 —0.880
agrae wall with those derlved from the catalogue. 214.174 +0.039 —0.865 —0.884
The disparity of about 0®,05 In the A (U—B) values 218.170 —0.018 —0.332 —0.688
ls probably due to the lees acourate determination . of 210.145 +0.047 —0.320 ~1.018
tha elope of the (/—B8) ocellbratjon in 1877, 217.1:: +0.014 —0,337 —0.988
218.1 —0.070 ~0.571 —0.088
The dlfferentlal magnltudea of Zeta Aurlgas In 216.163 +0.011 —0,308 —0.588
UBV obtalned during the 1977 end 1978-80 edlipsos 226.088 +0.073 -0.817 —o0588
are glven In Tebles 2 and 3. Each value glven in the .227.108 +0.187 —0.a77 —1.014
Tables la 8 mean of 23 Indepsndent measurements. 228.105 +1.130 +0.184 —0.778
Figs. 1 and 2 are plots of thess. .229.004 +1.848 +0.182 —0.818
232,01 +1.881 +0.212 ~0.854
T ' ' ' ' ' C 293 088 +1.763 +0.217 —~0.784
. v r—— -  hewm | ' 285,082 +1.852° +0.175 ~0,823
JF 236.090 +1.808 +0,208 —0,830
. B 1 237,070 +1.820 +0.200 -0.821
et e ] 298.086 +1.807 +0,198 —0.807
. N ntw L ' —
4 o i ] Disoussion
. 1 No meaningful deductlons of the times of contact
- 1 or the duration of totality can be made due to the
. ) T soantiness of the observations. - The mean depthe of
e e e the 1877 eollpse are 12831 In U, 0.629 In 8,
" JD 2443000+ 0m™.163 In V whille. thet of the 1878-80 eclipss are

8fd. 1.UBK light giirves.of Zeta Aurlgaé during the 1677 solipss  1%.862 In U, 07,608 In B, snd 0°.134 In V. The
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depthe of the two ecllpses In V and B agree well with
asch other and ere close to thoma of the 1983-64
ecllpse. The depth of the 1979-80 scllpse In U Is
also close to the 1983-84 sclipse valus, wherees thet
of tha 1977 eclipse dlffers by ~0=.1 (See Teble 4).
Woa suspect the |lkellhood of an error In (U—B) trens-
formation of 1877, since the A (U—B) valuea of Two
Aurlgee and Lambda Aurlgee obtalned during the two
obseerving runs aleo differ hy a simllar quantity.

Table 3, Dlfferentlal U8V magnitudes of Zsts Auriges durlng
1979-80 solipas

o Au As Ay
2444000, +
199.331 +0.316 —0.228 —0.967
189.462 +0.311 —0.254 —0.944
208.3687 +1,884 +0 178 —0.084
208,387 +2007 +0.231 —0.830
208.370 +2.031 +0.227 —0,B25
210,37 +2.016 +0,280 —0.826
228.374 +1.824 +0 218 --0,821
228.317 +1.868 +0.218 —0818
229,328 +1.864 +0.147 —0,808
230,936 +1.920 +0.211 ~0,767
237,361 +1.881 +0.210 —0.808
238,319 +1.861 +0.108 —0.822
238,139 +0.688 —0.188 —0.808
230,148 +0.838 —0.108 —0.826
239.228 +0.488 —0.201 —0.928
230,278 +0.418 —0.218 —0.040
230.367 +0.364 —0.238 —0.637
235,401 +0,938 ~0.233 —0.834
240,085 +0.182 —0264 —0.547
240.187 +0.180 —0.242 —0.947
240.188 +0.163 —0.263 —0.027
240,272 +0.148 —0.288 —0.961
240.947 +0.441 —0,200 —0 0833
241.1B0 +0.082 —0.280 —0,024
241,209 +0.088 ~0.208 —0.040
241.320 +0.080 —0.273 —0.888
244.231 +0.022 —0.2683 —0,881
246.280 40,036 —0.278 —0.044
248.291 —0.088 —0.209 —0.678
251,204 +0.014 —0.274 —0.635
284,304 —0.018 —0 308 —0,808
268,304 +0,022 —0.288 —0.838
282.260 —0.022 —0.328 —0,682
204.207 —0.023 —0.311 —0.p88
268.284 +0.018 —0.274 ~0.841
280,280 +0.008 —0,308 —0,048
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Plg. 2. UBV light ourves of Zata Aurigae during the 1678-80
solipas

Based on tha obeerved differences In the depths
of ecllpsos varlous' authors have goncluded that the
K-type superglant la Intrlnalcallv'varlablo (Larason-
Leander 1961, Bappu et a/. 1966, Kiyokawa ef al.
1972). To have an |dee about the nature of the varl-
atlon and the time scales Involved, we have complled
the dapthe of acllpeea published so far. The detalla
are glven In Teble4. Obsarvations In the UBV system
only are Included, It Ia avident from the Table that
thera ls no consletency In the dapths (for the same
ecllpas) quotad by aeveral Investigatora, The Inconal-
stenoy In the observational reallts ssems malnly due
to the errors involved In the transformatlon to UCV.
It Is, therefore, difficult to establish conolusively the
varlablilty of the late typs superglant compenlion
uniess more accurste observatlons are forthcoming,
The varloua problems In combining resulis obtalned In
dlfferant photomestrio systems have salready besn dla-
cussed, In detell, by Roaoh and Wood (1962). Since
obssrvetions In narrow band fllters do not have the
problems assoclated with the traneformation, a com-
parlelon of depths of eclipess obtalned In Interfersnce
fllters by different Investigators would be more
meeningful. Depthe of eclipses obtialned through
Interterance fllters along with thelr respective peak
wavelengths, avalleble In the |itsrature, are glven In
Table B and are plotted In Flg. 3. There |s good conale-
tency In the depthe df ecllpees obaerved by different
guthora. Henocs, lopg term Intrinslo. verlatione In the
brightnees of the late type superglant, es clalmed by
the varlous Investlgatora based on the obeerved differ-
enoes In the depthe of eollpses In UBYV, ls far from
certaln. But thla does not rule out the possibllity of
short perlod fluctuetions of the typs observed by
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Table 4. Deptha of eclipsss observad In 5V

Eolipss U B v Refaranos
1666-50 1.830 0 E10 0.120 Grant and Aht (19E8)
2.000 0.640 0.140 Popper (1961)
- 0.548 0.140 Larsson-Leandar (1981)
1658 —_ 0.528 6¢.120 Larsson-Leander (18681)
1863-04 1.870 0.540 0.110 O:Connell (1884)
1.830 0.540 0.160 Bhao (18084)
1.8M 0 BOB 0.124 van Gandaren (1904)
- 0.880 0.180 Bappu at &/ (10056)
1.984 0.680 0.164 Kiyokawa {1987)
1971-72 2,218 0.822 0.101 Kiyokawa at #/. (1872)
1.630 0.600 0.110 Banwal ot af {1973)
2108 0.684 0.170 Lovell and Hall {1873)
1877 1.831 0.628 0.1683 Present atudy
1876-80 1.862 0.808 0,134 Prasant study
1.873 0.843 0.143
Mean -+ = &
0.072 0.023 0.018
Table 8 Dapths of solipees observad thraugh Intatlersncs {iHars
Eallpe Wavalength (1) Depth of scllpss (mag ) Reforance
1986-68 3800 1.888
4260 0.9680
4830 0.228 Wood and Blitzsteln (1867)
8260 0.203
1903-84 as2n 2.008
3860 1 891 O'Connoll {1004)
4228 0.951
15023-84 asi0 2024
3868 1.803 Kondo and Harrls (1684)
4240 0.847
190984 3830 1.6684
4730 0.330 Fracastoro and Catalano (1868)
B540 0.128
8480 0.080
1871.72 3662 2.124*
4243 0.918 Kiyokawa and Kliamura (1873)
8012 0.238
1877 _ 3800 2.074
4170 1.040 Balto #¢ &/ (1678)
5080 0.204

* Depth was Inoorrectly evaluated by the authors as 2.200
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Bappu et a/. (1865) during totellty and which neede
to be examlned by the methods of monochromatic
photometry on futute occeslong.
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Flg. 3. Varlation of tha depth of eolipse with wavselength
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