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ABSTRACT

Photoelectric data which point to a 1225 variation in the brightness of a white-dwarf-like star are
discussed.

A star previously reported in the literature (Haro and Luyten 1961) as a candidate
for membership in the white-dwarf classification of stellar objects has been found to be
variable in light. The object, projected against a dark cloud in Taurus, has the 1965
position as recorded at the telescope console of a = 4216™50%, 6 = +27°13'24"’; there-
fore, I = 169?8 and d' = —16°0. A finding chart for the blue variable, together with
the comparison stars used in the photometric study to be described below, is given in
Figure 1 (Plate 4).

Photoelectric observations have been made on the UBV system on two nights at the
No. 1 36-inch and on three nights at the 84-inch reflecting telescopes of the Kitt Peak
National Observatory. Some of the three-color observations of this star were obtained
on December 5 and 11, 1964, U.T., nights primarily devoted to another, larger photomet-
ric program. The observation and reduction techniques employed have been described
elsewhere (Landolt 1967). Those data, collected through use of a refrigerated 1P21 photo-
cell together with the standard UBYV filters, yielded external probable errors of +0.018
mag in V, +0.014 mag in (B — V), and +0.018 mag in (U — B). The observing pro-
cedure at the telescope in December 1965 and 1966 was the same as in 1964 (Landolt
1967). However, since the brightness of the blue variable changed appreciably within a
time interval measured in minutes, as will be shown in what follows, each set of y, b, %
deflections was reduced to give a ¥V magnitude and (B — V) and (U — B) color indices.

The majority of the photoelectric observations were made in December 1965 and 1966
under rather poor atmospheric conditions. Only the blue variable, its comparison stars,
and a few standards were monitored. Since one could visually watch the blue variable
change in brightness on the Brown recorder chart paper from one measurement to the
next, the decision was made to return to the primary comparison star C1 every 20 min-
utes or so. However, even with a very generous allotment of telescope time, the weather
just did not co-operate. This fact, together with the method of observation, did not make
available as many intercomparisons of the comparison stars as one might like. Hence,
possible small variations in an individual comparison star cannot be entirely ruled out.
Their magnitudes and colors are listed in Table 1. The positions given were read from the
telescope console.

The 393 three-color observations of the blue variable are given in Tables 2 and 3.
The first column in each table gives the time of observation in heliocentric Julian days
with an accuracy of +0.00005 day. On the discovery nights of December 5 and 11, 1964,
U.T., time did not permit the selection of comparison stars. Therefore, the magnitudes
and colors of the variable in Table 2 result from tie-ins to the UBV system standards

* Contributions of the Louisiana State University Observatory, No. 6; Contributions of the Kitt Peak
National Observatory, No. 310.

1 Operated by the Association of Universities for Research in Astronomy, Inc., under contract with
the National Science Foundation.
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which were being observed as part of another photometric program (Landolt 1967). The
second, third, and fourth columns in Table 3 present AV, A(B — V), and A(U — B)
through comparison of the primary standard C1 with the blue variable in the sense

ARLO U. LANDOLT

variable minus comparison star.

The light and color curves for the blue variable are shown in Figures 2-5. The gaps
in the data plotted in these figures occur during time intervals when comparison-star and
UBYV standard-star observations were being made. The KPNO 84-inch observations of
December 11, 1964, U.T. in Figure 2 actually first proved the blue star to be variable in
brightness. To a greater or lesser degree, semiperiodic variations are apparent in Figures
3-5 also. Attempts to determine an accurate period of variation were made through use
of a computer program (Kelsall 1966) designed to minimize the variance about a sine
curve put through the data. Next, a periodogram analysis of the data was carried out via
a computer program written by Hill (1967) based on techniques described by Wehlau
and Leung (1964). Figure 6 shows a portion of the spectrum computed for December 26,
1965, U.T. from the raw data shown in Figure 4, in which a period interval between 5-60

TABLE 1
COMPARISON STARS
1965 COORDINATES
NAMES |4 B-V U—B
(mag) (mag) (mag)
a é
Ci... .... 4h17m30s +27°14" 17" 13.22 41 18 40 98
037 OO N 14.69 +1 51 +1 24:
C3........ 417 41 427 14 28 12.98 +2.00 +2.30
14.900 — *° —
v «
15.000 |— « —
[ ] . o M [

0.770 0.780 0.790

HELIOCENTRIC
JULIAN DAY 2438740.0+

Fic. 2.—Plot of brightness variation in V versus heliocentric Julian day for the blue variable for
December 11, 1964, U.T.
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TABLE 2

UBV PHOTOELECTRIC MEASUREMENTS OF
THE BLUE VARIABLE

Heliocentric

JD v B-V u-B
2438734 ,8223 15.105 +0,143 -0.625
.8233 14,854 194 -0.575
.8251 14,099 .323 -0.667
.8259 15.281 .136 -0.617
.8312 14,902 .336 -0.502
2438734 ,8322 14,826 b2 -0.647
24387L40.7690 14,881 L131 -0.548
.7707 15.003 142 -0.475
L7712 15.077 121 -0.508
.7733 15.065 .159 -0.526
L7742 15.023 1 -0.551
.7758 14,989 .229 -0.535
. 7764 14,894 .340 -0.516
L7771 14,954 .103 -0.602
L7777 14,898 .084 -0.542
.7792 14,965 g -0.520
.7797 14,950 .192 -0.551
.7805 14,974 .213 -0.545
.7811 15.033 .152 -0.515
.7818 15.043 .187 -0.494
.7823 15.022 221 -0.549
.7839 14,987 274 -0.531
. 7845 15.028 .223 -0.543
.7851 15.049 .201 -0.526
.7857 15.014 .286 -0, 604
.7872 14,870 .167 -0.559
.7878 14,883 L2110 -0.561
.7893 14,926 .276 -0,541
.7899 14,985 .201 -0.530
.7905 14,964 .206 -0.527
L7911 15,044 173 -0.515
.7920 15.068 .189 -0.574
.7926 15.022 .267 -0.599
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Fic. 3.—Plot of differential V-magnitude brightness variation versus heliocentric Julian day for the
blue variable for December 20, 1965, U.T. The differential magnitude is in the sense variable minus
comparison star,
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variable for December 26, 1965, U.T. The differential quantities are in the sense variable minus com-
parison star.
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min was scanned. Note that the average background noise level is just under 0.030 mag.
The task of identifying the proper period, as evidenced by a frequency peak, can be
relatively straightforward if one peak stands out above all others. However, the results
displayed in Figure 6 do not in themselves permit a clear-cut decision. Recourse to Fig-
ures 2-5 hints at a period on the order of 12™5. Therefore, the highest peak in Figure 6
at a frequency of 726.3 rad day—! was chosen as the peak in the computed spectrum which
most closely corresponded to an indicated period of 12™5 in the variable-star raw data.

The removal of the peak at 726.3 rad day ! resulted not only in a spectrum (not illus-
trated) whose average noise level fell below 0.020 mag, but also in the removal of smaller
spurious peaks at 1750, 1304, 1135, 1040, 880, 584, and 450 rad day—. Somewhat success-
ful efforts were made to remove additional peaks, including some of those which appeared
after the initial prewhitening with respect to the 127457 period (726.3 rad day—'). Usually
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Fic. 5.—Plot of differential ¥ magnitude versus heliocentric Julian day for the blue variable for
December 9, 1966, U.T. The differential magnitude is in the sense variable minus comparison star.
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F1c. 6.—Portion of spectrum computed for data of December 26, 1965, U.T. based on the techniques
of Wehlau and Leung (1964).
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when given peak(s) were removed, others popped up elsewhere, which leads one to
doubt the physical reality of the peaks being subtracted from the spectrum. Further-
more, the background noise level of 0.018 mag remained substantially constant. It is of
interest to note both now and for what follows that the lowest noise level that was calcu-
lated corresponded roughly to the accuracy of the differential photometric data.

Since the blue variable was thought to be a white dwarf (Haro and Luyten 1961) and
since evidence exists for very short-period variations in white-dwarf-like objects (Walker
1961), the AV-magnitude data for December 26, 1965, U.T. was also scanned at higher
frequencies in search of a period between 179 and 56. The resulting spectrum, not illus-
trated here, showed a rather uniform noise level of 0.024 mag with no really predominant
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F16. 7.—Sine curve of amplitude 0.14 mag and period 12%457 superimposed upon the raw data of
Fig. 4 for December 26, 1965, U.T.

peaks. The high-frequency spectrum was then prewhitened with respect to the 12m457
period found above. The result was a lowering of the over-all noise level to 0.016 mag,
again without the appearance of additional peaks. The periodogram analysis, then, indi-
cates that on December 26, 1965, U.T. the blue variable varied by 0.14 mag with a
period of 122457, Figure 4 shows the maximum observed amplitude of variation to be
approximately 0.25 mag. A sine curve of amplitude 0.14 mag and frequency 726.3 rad
day* was then superimposed on the raw data illustrated in Figure 4 via a computer
program (Hill 1967). The resulting plot via the Louisiana State University’s Research
Computer Center Calcomp plotter is displayed in Figure 7. The agreement is reasonable.

It is evident in Figure 7, however, that the scatter in the latter half of the December
26, 1965, U.T. observing run is greater than during the first half of the night. Therefore,
the data were analyzed in two sections, with the division being taken at heliocentric
Julian day 2439120.785, a natural break in the data caused by observations of the com-
parison stars and UBV standards. The analysis of the data from the first half of the
night gave a period of 122488 and an amplitude of light variation of 0.12 mag, whereas
the second half of the data gave a period of 122577 and an amplitude of 0.17 mag.

A similar analysis of the raw data for December 9, 1966, U.T., illustrated in Figure 5,
resulted in the spectrum shown in Figure 8. In this instance, a single strong peak is
present at a frequency of 724.3 rad day—* which corresponds to a period of 12491, The
background noise level of the spectrum of approximately 0.016 mag is similar to that
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found for the data discussed above for December 26, 1965, U.T. Figure 9 illustrates the
spectrum resulting upon subtraction of the peak at 724.3 rad day—! with its corresponding
amplitude from the spectrum shown in Figure 8. In this instance the background noise
level increased slightly.

The light curve for December 20, 1965, U.T., illustrated in Figure 3, indicates that
the object varied 0.4 mag that night; analysis of the V data gives an approximate 14™1
period of variation. This night’s periodogram (not illustrated) possesses only a few very
broad peaks and is quite unlike the periodograms previously discussed, as Figure 3 might
cause one to suspect.

In summary, then, analysis of the photoelectric data indicates the presence of a 1275
light variation. Since a study of the differential color curves showed essentially no secular
change in the color of the object, the magnitude of the light variation is equivalent at
all three effective wavelengths, i.e., U, B, V. One can speculate that the object is prob-
ably a single star pulsating with a basic period of 1225 with other beat periods still to
be determined. However, after considerable time spent in trying to remove peaks from
periodograms only to see them pop up elsewhere, it seemed prudent to push the period
analysis no further at this moment. A further possibility which arises from contemplation
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Fi1c. 8.—Portion of spectrum computed for the data of December 9, 1966, U.T.
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of Figure 3 is that an eclipse might have occurred near heliocentric Julian day
2439114.715; then the short-period variations would have to be ascribed to one com-
ponent of the eclipsing system. Similar-appearing effects and light curves have been
found for U Gem stars and old novae (Mumford 1967).

The work of Haro and Luyten (1961) indicates a proper motion of 0”1 per year in
143°. The average magnitude and colors for the blue variable as calculated from all
observations are V = 14965, (B — V) = 40.205, and (U — B) = —0.500 mag.
Through use of an empirical statistical relation between apparent magnitude, absolute
magnitude, and proper motion (Greenstein 1958), one can determine My = +10.7 mag.
The distance to the dark cloud in Taurus against which the blue variable is projected is
125 pc (McCuskey 1939). This provides an upper limit to the blue variable’s distance
and hence a lower limit to its parallax, i.e., 07008. Hence, from My = my + 5 4 5 log p,
one has My = 9.5 mag as an upper limit to its luminosity. It is also possible to show
that the tangential velocity of the object is about 34 km sec™?, which, from Greenstein’s
(1958) discussion, is a reasonable value. Relations between My and the (U — V) color
index for white dwarfs have been presented by Eggen and Greenstein (1965). Their
Figure 4 indicates the division of white dwarfs in the My, U — V plane into two groups:
members in the first group satisfy the relation My = +11.65 + 0.85(U — V), and those
in the second group show a larger scatter about a similar but steeper relation whose zero
point is 1.5 mag fainter. Given (U — V) = —0.295 mag for the blue variable under
discussion, one therefore finds its My to be 411.4 mag or approximately 13.0 mag,
depending on whether the object belongs to the first group or to the second. A summary
of the absolute-magnitude considerations in this paragraph permits the statement that
the blue variable is most probably a white dwarf.

Image-tube spectrograms have been obtained through continuous trailing of the
plateholder at a uniform rate along the slit without repetition at the Cassegrain focus
of the KPNO 84-inch reflector. A variety of dispersions from 242 to 47 A mm™! have
been used. The spectrograms were obtained on Kodak ITaO spectroscopic plates with
the aid of an English Electric Valve P829D image intensifier. Those spectrograms ob-
tained at 47 A mm™!, an example of which is shown in Figure 10 (Plate 5), show the
K-line of Ca 11 in addition to the hydrogen lines. The latter are 35-40 A in width and
provide further evidence that the object is indeed a white dwarf. The highest Balmer
line visible on any spectrogram was H6. Eggen and Greenstein’s (1965) Figure 6 permits
a temperature estimate of 9650° K to be made. No emission features are definitely
identifiable. The blue variable may be a new addition to a group of six white dwarfs
classified as type DA, F, or DF by Eggen and Greenstein (1965) in their Table 1. The
spectral features of this type of white dwarf show both hydrogen lines and a weak K-line
(Greenstein 1958; Eggen and Greenstein 1965), just the features possessed by the blue
variable. The average UBV colors of the six DF-type white dwarfs are (B — V) =
+0.29 and (U — B) = —0.60 mag; inclusion of the blue variable in the group changes
the average color index for the group by less than 2 per cent.

Short-period fluctuations have been known to occur in the apparent brightnesses of
hot subluminous variable stars (Herbig 1965; Williams 1966), in novae and nova-like
variables as summarized by Mumford (1967), in the peculiar white dwarf HZ 29 (Smak
1967) and in X-ray sources (Hiltner and Mook 1967; Mook 1967; Kristian, Sandage, and
Westphal 1967). In the case of DQ Her, an old nova composed of a white dwarf and a
faint red companion, light fluctuations whose periodicity is that of the fundamental
period of pulsation of the white dwarf have been detected (Walker 1961). The present
blue variable so far has been considered to be a single pulsating star with a beat period
primarily because attempts in phasing the data have been unsuccessful, i.e., it has not
been possible to compile a composite light curve such as Smak (1967) has constructed for
HZ 29. On the other hand, the blue variable may be an eclipsing system, since it appears
from differential measurements of the hydrogen lines on the 47 A mm™ spectrograms
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F1c. 10.—Image-tube spectrum of the blue variable showing the hydrogen.lines H~, Hs, He, and H{
together with the K-line of Ca 1 at a dispersion of 47 A mm™. The comparison source used was He+
Ar+Ne.

LanporT (see page 163)
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that the radial velocity varies with an amplitude of perhaps 500 km sec™. At the same
time, the radial velocity of the K-line of Ca 11 on these same spectra appears to be con-
stant. Perhaps one could then explain the inability to construct a composite light curve
by hypothesizing the intrinsic variability of either or both of the components. However,
the continuous trailing of the plateholder technique has so far failed to provide spectro-
grams which show the S-shaped curve (Kraft, Mathews, and Greenstein 1962) which
would announce the presence of a binary system. If the object is composed of two equally
luminous white dwarfs, then the period would be 25 min. Since the radial velocity of the
K-line appears constant, its intensity is most probably due to interstellar absorption in
the direction of the Taurus cloud. If only one component of the hypothesized binary
system were a white dwarf, then the second component would have to be not only a red
dwarf less luminous than My = +12.0 mag but also faint enough so that its spectrum
was not visible,
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