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CHANGES IN THE PERIOD AND LIGHT CURVE OF W CORVI
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The 
lose e
lipsing binary star W Corvi (EB or Beta Lyrae type; BD-12 3563, GSC5525-00352) be
ame famous as a 
andidate for the `broken-
onta
t' phase of the Thermal Re-laxation Os
illation (TRO) theory for how 
onta
t binary stars 
ome into and maintain
onta
t. Its light 
urve shows substantially di�erent e
lipse depths, indi
ating the twostars have signi�
antly di�erent temperatures, yet the short period of just 9.33 hoursimplies a 
onta
t 
on�guration. Yang and Liu (2002) list about a dozen systems thatexhibit this behavior, but W Corvi is the 
oolest 
ase (spe
tral type G2), where the starsare both 
onve
tive near the surfa
e, whi
h should wipe out any temperature di�eren
e.Odell (1996) �t a linear ephemeris to 17 minima between 1935 and 1993 after �nding nostrong eviden
e for a period 
hange. That paper also analyzed light 
urves from 1981 and1988 using the Wilson-Devinney (Wilson, 1998) 
ode in
luding starspots, and 
on
ludedthat photometry alone leaves three ambiguities: the mass ratio, the temperature distribu-tion on the se
ondary star (
on
omitant with an ambiguity in degree of 
onta
t), and the
ause and lo
ation of the \O'Connell" e�e
t (fainter at phase 0.75 than 0.25). Ru
inskiand Lu (2000) obtained spe
tra of W Crv, and determined a mass ratio of 0:682� 0:016,thus removing the �rst ambiguity, while the se
ond and third still stand.Ru
inski and Lu (2000) suggest, based on their 1997 radial velo
ity 
urve, that theperiod of W Crv is in
reasing slowly. They also 
on
lude that variations of the light 
urveat all phases ex
ept primary e
lipse indi
ate that mass ex
hange and a

retion pro
essesare operating between the stars, rather than 
ool dark spots. One purpose of this paperis to 
on�rm the quadrati
 ephemeris. The other purpose is to point out that between1999 and 2003 there has again been a large (10%) 
hange in the light 
urve in that thetwo maxima are again equal in brightness (the O'Connell e�e
t has again disappeared),and that the seasonal variation of the phase 0.25 maximum may be due to the 
omparisonstar "
" being slightly variable on a long times
ale by 0.02 or 0.03 magnitudes.The �rst timing of a minimum of W Crv was made by Lange in 1935, reported inTsesevi
h (1954) as Min I HJD 2427861.361, apparently based on photographi
 dis
overyplates. Tsesevi
h also published visual (Nikolai Samus, priv. 
omm.) measurementsmade in 1944 and 1945, in
luding the original brightness estimates. The 1944 data areof prime 
on
ern here be
ause Tsesevi
h makes the point that the time of Min II is atphase 0.57, indi
ating an e

entri
 orbit. In fa
t, that timing yields a large residual
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for any reasonable ephemeris, so we re-analyzed that year's data in light of the 
urrentbest period, and no su
h shift of se
ondary minimum 
ould be found. Thus, for 1944,we used two newly-determined timings of Min I at HJD 2431180.2328 and Min II HJD2431180.4299, di�erent by +0.0018 days and �0.0201 days respe
tively. The 1945 timingswere used as published, Min I HJD 2431562.106 and Min II HJD 1431562.305. Soloviev(1947) reported timings based on 84 visual measurements of Min I HJD 2432309.548 andMin II HJD 2432309.742; there was no eviden
e of an o�set in the se
ondary minimum.Dy
us (1968) published the �rst photoele
tri
 light 
urve, but his work was hamperedby the small size of his teles
ope and the star being low in the western sky. We havere-analyzed his data to determine a timing of Min II at HJD 2439648.7357.G. Samolyk (priv. 
omm.) kindly provided a total of 108 visual and 6 CCD timingsmade from 1971 to 2002 by members of the Ameri
an Asso
iation of Variable Star Ob-servers (AAVSO). These are available at www.aavso.org/
ommittees/eb/ebmono.stmon the web and from the referen
es to Baldwin (1976, 1977, and 1978) and Baldwin andSamolyk (1993, 1997, and 2002). The visual measurements made during ea
h season wereaveraged by shifting ea
h minimum by the well-known period and averaging to get onetime for the season. In three 
ases, where only one or two measures were made and theresidual from the ephemeris was more than ten minutes, the season was eliminated (1980,1983, and 1989).We used the 31" Cassegrain teles
ope at Lowell Observatory with the NURO CCD(LN2 
ooled, 512 � 512 pixels) in 1999, and with Mar
 Buie's Photometri
s CCD (ther-moele
tri
 
ooling, TH7883 
hip, 384 � 576 pixels) in 2001, 2002, and 2003 to obtainlight 
urves. In 2003, one additional timing was made with University of Tasmania's Mt.Canopus 1-m teles
ope and the PLANET program CCD 
amera. All of these timings arelisted here in Table I.

Most of the images we used in
luded on 
hip both the 
omparison star \
"(=GSC05525-00217), lo
ated 4s west and 16000 south of W Crv, and 
he
k star \d"(=GSC05525-00351), lo
ated 16s east of W Crv and 5500 south (Fig. 1). A �nding 
hartis given also in Tsesevi
h (1954), and the 1855 
oordinates are given in Dy
us (1968).Star \
" seems to be variable by a few hundredth of a magnitude on long times
ale, butappears to be 
onstant during any one night. The photoele
tri
 data are too inhomoge-neous to 
orre
t for this e�e
t, so absolute levels of early light 
urves should be used with
aution. For instan
e, we believe this is the 
ause of Ru
inski and Lu's (2000) �nding avariation of W Crv around phase 0.25.Table I. Times of Minimum of W Corvi, 1999-2003HJD (2450000.+) Type Filters HJD (2450000.+) Type Filters1305.7230 Primary V RI 2325.7983 Se
ondary BV RI1306.6938 Se
ondary V RI 2325.9901 Primary BV RI1307.6639 Primary V RI 2701.8486 Se
ondary BV RI2028.7212 Primary BV RI 2704.1768 Se
ondary V I2029.6929 Se
ondary BV RI 2704.7598 Primary BV RI2030.6619 Primary BV RI 2704.9538 Se
ondary BV RI2320.9456 Primary BV RI 2705.9240 Primary BV RIThe 
omplete list of timings used for the ephemeris and the residuals shown in Fig. 1 are available from the IBVSweb site as 5514-t1.txt.
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Figure 1. Finding 
hart
In order to test the in
reasing-period hypothesis, we used all timings starting in 1967to derive a linear ephemeris, yielding a period of 0.38808134 days. We then looked atthe residuals for eviden
e of 
urvature, and �tted a quadrati
 ephemeris. Fig. 2 showsthe residuals from the linear �t, along with the quadrati
 residuals. The timings fromthe 1940's are 
learly better �t by the quadrati
, and the 
urvature in the later timingsis noti
eable. This 
on�rms the suggestion of Ru
inski and Lu (2000) that W Crv isin
reasing its period by about 0.25 se
/
entury. This 
orresponds to a value of (d lnP=dt)in the range of 7:5x10�8 year�1.
Though the data des
ribed above were originally obtained in order to improve theephemeris, another important property of the system has emerged. From its earliestextant light 
urves in the 1940's, W Crv has shown a 
lassi
 O'Connell e�e
t, in that thesides of the stars visible after se
ondary e
lipse are about 0.1 mag fainter than the otherside. Between 1966 and 1981, the star was not observed, but Odell (1996) showed thatin 1981 and 1982, the two maxima were of equal brightness. By 1988, the di�eren
e inbrightness had returned (see Fig. 3, light 
urves from 1988 and 1993).In 1999, the light 
urve looked very similar to 1993, but Fig. 4 shows that by 2001, thebrightness at phase 0.70 had in
reased by about 0.05 mags. This CCD photometry is of
onsiderably higher quality 
ompared to the earlier photoele
tri
 light 
urves. No otherdi�eren
es in the light 
urves are noti
eable { the only 
hange is in the phase interval 0.60to 0.80.Fig. 5 shows light 
urves from 2002 and 2003, where the two maxima are of the samebrightness.
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Figure 3. V light 
urves from 1988 and 1993.
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Figure 4. V light 
urves from 1999 and 2001.
Light levels for the four phases of quadrature are estimated in Table II - the readeris 
autioned against atta
hing too mu
h signi�
an
e to any one value, as it seems the
omparison star \
" may well be variable from night to night by several hundredth ofa magnitude. But the di�eren
e between phase 0.25 and 0.75 (last 
olumn) between1988-2001 is mu
h larger than the variation of the 
omparison star, and hen
e is real.Table II. Magnitude di�eren
es (WCrv � 
) at various phasesYear � = 0.00 � = 0.25 � = 0.50 � = 0.75 delta (0.75 � 0.25)1988 0.79 �0.35 0.21 �0.24 0.111993 0.79 �0.32 0.27 �0.24 0.091999 0.73: �0.38: 0.25 �0.28 0.10:2001 0.74 �0.40 0.24 �0.34 0.072002 0.73 �0.36: 0.22 �0.32 0.04:2003 0.78 �0.34 0.20 �0.34 0.00Values marked with : are estimates due to sparse data.
We 
on
lude that W Crv indeed does show a se
ular period in
rease, but that variationsof the light 
urve at any but the se
ond maximum (around phase 0.75) may well 
ome fromvariation of the 
omparison star. We point out that from 1999 to 2003, the feature whi
h
auses the O'Connell e�e
t has again disappeared. It is of utmost interest to 
ontinueto observe this star for period 
hange, and even to sear
h ar
hival plates to see if earliertimes of minimum light 
an be found. Complete light 
urves are important in the nextfew years in order to see how long the O'Connell e�e
t will be missing, and the times
alefor its eventual return.
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Figure 5. V light 
urves from 2002 and 2003.
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