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Abstract. Photoelectric photometry obtained in 1971 and 1972 is compared with that obtained in 1980—81
and 1981-82 to derive a photometric period of 77965. JD 2444636.0 is an epoch of minimum light. The full
amplitude has been as large as 0718 in V. Curiously, the mean light level has dropped by almost ("2 over
the last ten years. This binary is additionally interesting because of the recently discovered white dwarf
secondary component and because unpublished radial velocity measures of Fekel show a large (0.1)
eccentricity and an orbital period (5791) very different from our photometric period.

1. Introduction

AY Ceti (= 39 Ceti) was classified G5 III by Cowley and Bidelman (1979), who noted
the spectrum showed weak to moderate Call emission. This fact, along with the
variability first suspected by Cousins (1962) and later confirmed by Olsen (1974), made
us think AY Cet is probably an RS CVn binary.
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In this paper we present the photometry obtained in 1971 and 1972 by Olsen, but not
yet published, and additional photometry obtained in the 1980—81 and 1981-82
observing seasons. With these data we can define the full range of the variability and
determine the photometric period.

Walter and Bowyer (1981) measured L, = 1.5 x 10*! ergs s~ ! with the HEAO II
satellite. More recently Simon et al. (1982) reported far-ultraviolet observations with the
IUE and radio observations with the VLA which indicated the presence of a hot white
dwarf companion. Unpublished radial velocity measures of Fekel (1982) define the
orbital motion with a period of about 57 days and appreciable eccentricity.

2. Photometry

The photometry discussed in this paper is summarized in Table I. That of Olsen,
obtained between 1971.86 and 1971.93 and between 1972.48 and 1972.70, was
described already by Olsen (1974), Grenbech and Olsen (1976), and Grenbech ef al.
(1976). The later photometry, obtained between 1980.58 and 1981.10 and between
1981.75 and 1982.12, was made differentially with respect to the comparison star
34 Ceti. The number of nights is m and the number of individual observations is x.
The data themselves, in the form of eleven sets marked A through K in correspondence
with Table I, have been sent to the IAU Commission 27 Archive for Unpublished
Observations of Variable Stars (Breger, 1982), where they are available as file No. 123.
The individual magnitudes in set A, though made in y of the uvby system, have been
transformed to V' of the UBV system. The behavior of the indices b — y, m,, and ¢, is
described by Olsen (1974). The individual differential magnitudes in sets B through K

TABLE 1
Photometry of 39 AY Ceti

Observer Telescope V B
m n m n
1971-72
A. Olsen ESO Danish 50-cm 24 57
198081
B. Eaton KPNO No. 4 16-in 13 25
C. Henry Dyer 24-in 14 41 3 9
D. Henry KPNO No. 4 16-in 16 46
E. Hopkins Hopkins 8-in 6 18
F. Louth Louth 11-in 2 6
1981-82
G. Krisciunas Krisciannas 6-in 1 3
H. Landis Landis 8-in 10 29
1. Louth Louth 11-in 1 3
J. Renner Scuppernong 10-in 6 20
K. Stelzer Stelzer 14-in 2 7
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have been transformed differentially to AV, where A is in the sense variable minus
comparison. Only set C contains a few AB observations; in the other sets a mean value
of A(B — V) = —0749 was used in computing the corrections for extinction and trans-
formation.

3. The Photometric Period

To provide one estimate of the photometric period we used a period-finding program
similar to that of Lafler and Kinman (1965), applying it to nightly means of the AV
magnitudes in sets B through K. The result was 77968 + 0905.

To provide another estimate, we matched the recent AV observations (from 1980—81
and 1981-82) with the early ¥ observations (from 1971 and 1972). The maxima, well
defined in both light curves, could be brought into coincidence with a vertical shift of
5%76. The falling branches then could be brought into coincidence with a period of
77962 + 0905.

For predicting future behavior of AY Cet we propose the ephemeris

JD = 2444636.0 + T71965E , (D

where the period is a mean of the above two estimates and the initial epoch is a recent
time of minimum light. Figures 1 and 2 show the nightly means from set A and from
sets B through K, respectively, plotted vs phase computed with Equation (1).

4. Discussion

The total amplitude of the nearly sinusoidal light curve, defined most completely in
Figure 2,1s 0”18 in V. Closer inspection of Figure 2 shows that the minimum in 198182
may have been about 0’05 shallower than it was in 1980—81.

In comparing the light curve in Figure 1 with that in Figure 2 we noted one puzzle.
To compare the first (determined without a comparison star) with the second (determined
with a comparison star) we need to know how bright the comparison star 34 Cet was.
The catalogue of Nicolet (1978) gives ¥V = 5794. As a check Eaton determined its
brightness in 1981, at the same time he obtained the data in set B; based on inter-
comparisons with about 20 standards of the UBV system, he found V' = 5794 also. The
maximum brightness of AY Cet in Figure 2 is AV = —0741, which corresponds to
V = 5753. The maximum brightness of AY Cet in Figure 1, however, is ¥V = 5735.
Apparently, therefore, AY Cet has become about 07’18 fainter over the last ten years.
Such a large change in mean brightness, comparable to the total amplitude of the light
curve, is somewhat remarkable.

Four Mt. Wilson radial velocities published by Abt (1970) ranged from —11.8 to
—27.4 km s~ !, giving the first hint that this star may be a binary. Fourteen spectrograms
obtained recently by Fekel (1982) indicated an orbital period of 5791 + 091 and an
orbital eccentricity of 0.1. His period-finding program revealed no evidence of a period
at or near 77 days. If this difference between the orbital period (5791) and the
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Fig. 1. The light curve of 39 AY Ceti based on phtometry from 1971 (filled circles) and 1972 (plusses). The
ordinate is ¥ magnitude. Phase is computed with the ephemeris in Equation (1).
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Fig. 2. The light curve of 39 AY Ceti ten years later. Filled circles are from the 1980—81 season, plusses

from 1981-82. Here the ordinate is differential ¥ magnitude, where A is the sense variable minus

comparison. The full amplitude is about 07’18 but seems to have been less in 1981—-82. Phase is the same
as in Figure 1.

photometric period (77965) is confirmed, then we have an example of clearly non-
synchronous rotation.

According to Hall (1981) the fact that P(orb.) ~ P(phtm.) in virtually all of the
variable RS CVn binaries indicates that synchronous rotation is the rule, the only
well-established example of rotation non-synchronous by more than a few percent being
AAndromedae (Boyd et al., 1983). Although orbital eccentricity cannot be a factor in
explaining non-synchronous rotation in AAnd, for which Lucy and Sweeney (1971)
considered the orbit circular, it could be a factor in the case of AY Cet and several other
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TABLE 11

Rotating spotted stars in binaries with eccentric orbits

P(phtm.)

Binary e P(orb.) P(phtm.) Plorb) References

A And 0.04 20952 53995 2.63 Boyd et al. (1983)

54 Cam 0.11 11.08 10.17 0.92 Mekkaden ez al. (1982)
BM Cam 0.35 80.17 82.8 1.03 Eaton et al. (1980)
BY Dra 0.49 5.98 3.83 0.64 Vogt (1981)

AY Cet 0.1 57.1 77.65 1.36 This paper

binaries. Table II lists several examples of rotating spotted stars in binaries with
eccentric orbits. Understanding non-synchronous rotation in binaries like these and the
role which orbital eccentricity might play will be a challenge for the future.

We now know of two detached binaries which contain a white dwarf along with a
late-type star which is heavily spotted and chromospherically active. The other in V471
Tauri (Rucinski, 1981), the orbital period of which is shorter by two orders of magnitude!
It will be interesting to see if white dwarfs can be found in any single-lined RS CVn
binaries of intermediate period.
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