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STUDY OF THE VARIABILITY OF THE DELTA SCUTI STARS
I. PHOTOMETRIC OBSERVATIONS OF THE STAR 38 CANCRI*
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Photoelectric observations of the variable bright star 38 Cancri, obtained in 1975 (four nights) and in 1976 (twelve nights), are presented.
The spectral analysis of the data denotes a fair stability in the pulsational characteristics during the period of observation, and gives
evidence of the existence of the three frequencies: f; =7.14417c/d, f,=7.17378¢/d and f3=9.77704c/d that are able to represent the light
curves satisfactorily. The mode of pulsation corresponding to f; records greater excitation than f; and f5.

Comparison of the ratios of the periods and of the Q’s observed with those envisaged by the theory leads us to regard 38 Cancri
as a possible non-radial pulsator.
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1. INTRODUCTION

One of the problems that is still open concerning the variability of the Delta Scuti stars is the
interpretation of the observations of these stars, both spectroscopic and photometric. In fact the relative
curves of variation usually present a very complex trend in which it is often difficult to identify stable
characteristics.

During the last few years sophisticated mathematical methods for the spectral analysis of observational
time-series have been applied to some Delta Scuti. The findings of these analyses may be summarized in
the following two alternative hypotheses: 1) the variation observed may be entirely explained in terms of
superposition of modes of radial or non-radial pulsations, that is to say, the curves are stable (repetitive)
albeit complex in form (Fitch 1975); 2) these variations have intrinsic irregularities: that is to say, other
complex effects may play an important role as regards this type of variables (Le Contel ez al. 1974).

To throw any light on this problem it is clearly necessary to have available long series of observed
data: however to date the number of variables studied in depth is not great, because until a few years ago
the general tendency was to do research on Delta Scuti stars in order to provide preliminary data for
statistical purposes.

Bearing all this in mind, we decided to start at the Merate Astronomical Observatory making prolonged
photometric observations of some Delta Scuti stars, with a view to assembling sufficient data to make a
precise analysis of the pulsation modalities present.

In this first article we give our results for the star 38 Cancri.

2. THE OBSERVATIONS
The variability of 38 Cnc (HD 73575, spectral type FO III), one of the evolved Delta Scuti stars, was
discovered by Breger (1970) by observing photoelectrically all the stars of the Praesepe cluster which are

in or near the strip of instability. Later Gupta (1974) measured the star for only one night, determining the
period P=0¢108 and the amplitude Am=0707.

* This work has been partly supported by a contract of Consiglio Nazionale delle Ricerche (CNR).
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38 Cnc was observed by us for four nights at the beginning of 1975 and for twelve nights at the
beginning of 1976, using an ice refrigerated Lallemand photomultiplier (19 stages) with S4 response and
standard UBV filters, applied to the 40" reflector. Use was also made of a Weitbrect-Gardiner amplifier
with the integrating time set at 15 secs.

The comparison and check stars were HD 73711 (spectral type FO) and HD 73210 (spectral type A5)
respectively. As a rule, six observations were performed of the variable in alternation with the comparison
star: these Am magnitudes (m.—m,) have been averaged to give normal points. Each measurement was
adjusted to take into consideration the differential extinction using the coefficients determined, whenever
possible, during the course of the same night or by means of averages values. Tables 1, 2 and 3 show
the UBV values of the normal points with observational times and standard errors o. Figures la, b, ¢, d
show the normal points for the three colours.

3. SPECTRAL ANALYSIS OF THE OBSERVATIONS

The observations were analyzed according to the method first used by VaniCek (1971) which is a
generalization of the traditional LS spectrum (see, for example Lomb 1976). The 1976 measurement were
divided into three groups of near nights, and specifically: group I: J.D. 42783-784-785-787; group II:
J.D. 42793-798-800-803-804-806; group III: J.D. 42815-818. Table 4 gives the results of the spectral analysis
for the three groups indicated above and for the three colours UBV: here f; are the frequencies found
expressed in cycles to day and A; the relative amplitudes; the initial residuals represent the averages of the
deviations from the mean value, and the final residuals the averages of the deviations between the observed
and calculated curves.

From a study of table 4 it seems evident that the frequencies f,=7.2c/d and f3=9.8¢c/d are fairly stable
throughout the whole period of observation, whereas the third frequency found f; presents greater fluctuations
and must be considered with some circumspection also because of the small corresponding amplitudes.

Because only a few observations were made in 1975, it is not possible to determine the frequencies
present with a precision comparable to that of 1976. Nonetheless it may be stated that these results are
not such as to conflict with the values found for 1976 and indicated in table 4.

In the interests of making a unified representation of the variability of 38 Cnc during the two years
when it was observed, we applied the method of spectral analysis indicated above using all the data of
1975 and 1976. This representation is expressed in the following equation:

3

Am(ti) =Am0 + Z [Cj COos 21'Cf; (ti— t0)+ S sin 2TCf] (ti— to)] (1)

j=1
i=1, N with N=number of observations

whose values for f, cj, sj, Amo and t, are listed in table 5 for the three colours UBV. The light curves
calculated by (1) are represented by means of a continuous line in figures la, b, ¢, d. The mean residues
between the observed and calculated curves, for the three colours UBV respectively, are as follows:
07005, 0™005 and 07006. The differences between table 4 and 5, in particular the identification of a third
real frequency in table 5, may be explained by the fact that the overall analysis of all the data makes for a
more satisfactory resolution than the analysis of the individual groups separated timewise.

4. CONCLUSIONS

1. It is a known fact that the possibility of comparing the ratios of the periods drawn from the analysis
of the observed light curves and the relative values of the pulsation constant Q with those deduced from
the theory of pulsations, constitutes one of the few resources at our disposal for identifying the variability
mechanism of Delta Scuti stars.
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The following ratios may be immediately deduced from table 5: P,/P;=00996, P;/P;=0.731 and
P3/P,=0.734. The notable difference between these values and those envisaged by the theory of radial pulsations
(see, for example, Petersen and Jorgensen 1972) obliges us to rule out the presence of this type of
oscillations. On the other hand, we can determine the observational values of the pulsation constants by
introducing into equation (5) quoted in Petersen and Jorgensen (1972), the periods found and the values:
log g=3.51, My, =0"24 and log Te=3.885 relating to 38 Cnc (Crawford and Barnes 1969). The Q’s thus
obtained, namely: Q; =0%023, Q,=0%23, Q3 =0%017 are also in contrast with those envisaged by the theory of
radial pulsations for the fundamental mode and the first overtones, also taking into account the error made
in determining them, corresponding to a factor equal to 1.2-1.4 (Petersen 1975).

Let us now consider the possibility that non-radial pulsations are involved. In this case it is a known
fact that the values of Q depend critically upon the evolutionary status of the star. Taking as comparison
the evolved model worked out in detail by Dziembowski (1975) for non-radial pulsations, we reach the
following conclusions: a) the ratios of the observed periods agree with those determined theoretically in a
more satisfactory way than occurs for radial pulsations; b) the observed values of Q, taking into account
the errors indicated above, are sufficiently near to the theoretical values.

Taking into account the fact that the physical parameters of Dziembowski’s model do not agree com-
pletely with those relating to 38 Cnc and that hence this difference could be the cause of the absence of
complete agreement, summing up we would suggest that the star may in effect be a non-radial pulsator.

2. The coefficients c; and s; of table 5 indicate that the greater pulsation amplitude corresponds to
the frequency of the highest order f3: this fact may be observed in other Delta Scuti stars (for example
HR 1170, see Gupta 1977).

3. From a comparison of the observed value P3;=0%102, corresponding to the mode of pulsation of
greater amplitude, with that deduced from the relation P-L-C (eq. (6) in Breger and Bregman 1975), equal
to about 092, we may state that the difference is a significant one, even taking into account the error in
the determination of M4, and log Te. Since the relation P-1L-C has been deduced working on the assumption
of radial pulsations, this fact could be a further indication of the presence of non-radial pulsations.

4. Danziger and Faber (1972) have advanced the hypothesis that, for the brighter Delta Scuti stars,
“slow rotation seems to be a necessary condition for pulsational instability”: 38 Cnc presents both a high
rotational velocity (about 160 km/sec) and stable oscillations, and hence represents an example that conflicts
with the above hypothesis.
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Figure 1a, b,c,d. UBYV light curves of the Delta Scuti star 38 Cancri.
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