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ABSTRACT 

The periodic variability, discovered by Smak, of the fourteenth-magnitude object HZ 29 has been 
reinvestigated, using extensive new photoelectric data and modern autocorrelation analytical techniques. 
The variations, which have maintained a constant phase over at least a quarter of a year, allow us to 
determine the period to high accuracy: 1051.118 ± 0.015 sec. Combining the observations using this 
period, we find a mean light curve having an amplitude of about 0.01 mag and the character of a double 
wave. These observations confirm this star as the shortest-period variable star for which a light curve is 
available. Although the nature of HZ 29 remains unclear, it seems increasingly unlikely that it is, as 
suggested by Burbidge, Burbidge, and Hoyle, a quasi-stellar object with large redshift. 

I. INTRODUCTION 

The blue object HZ 29, originally listed by Malmquist (1936) and subsequently by 
Humason and Zwicky (1947), is of considerable current interest because of its peculiar 
spectral characteristics (Greenstein and Matthews 1957) and its suspected variable 
luminosity (Smak 1967). A low-luminosity object, HZ 29 lies in the north galactic polar 
region, is characterized by F = 14.18, B — V = —0.23, U — B = —1.01 (Harris, 
unpublished; see Greenstein 1958), pa = +0''017, fi0 = +0''033 (Luyten and Miller 
1951), and was originally classified as a DBp (strong He i lines, no hydrogen lines) 
white dwarf with very shallow, possibly double He i lines (Greenstein and Matthews 
1957; Eggen and Greenstein 1965). According to Greenstein and Matthews, there are 
no large shifts in the He i lines on plates taken either at short intervals or on successive 
nights, although the diffuseness of the He i lines makes quantitative velocity measure- 
ments impossible. The spectrum was reinterpreted by Burbidge, Burbidge, and Hoyle 
(1967), who noted a number of coincidences between wavelengths of absorption features 
in HZ 29 and absorption lines in two quasi-stellar sources, 3C 191 and PKS 0237—23, 
and suggested that perhaps HZ 29 is a quasi-stellar object with redshift z = 1.95. After 
studying photoelectric scanner spectra of HZ 29, Wampler (1967) has commented that 
HZ 29 appears, in spite of some peculiarities in its spectra, to be a hot star with He i ab- 
sorption lines rather than a quasi-stellar object; he has also noted that the apparent 
double nature of the absorption lines could be caused by pressure-broadening with 
r = 2 X 104 ° K and Ne ~ 1.5 X 1017 cm“3. 

Variability was discovered in HZ 29 by Smak (1967), who published analyses by 
autocorrelation techniques of observations made in 1962 indicating that the star shows 
low-amplitude oscillations with a period of either about 9 or 18 minutes. He has conse- 
quently suggested that it may be a binary system. At this time the nature of HZ 29 is 
uncertain, but confirmation of the variability found by Smak would be crucial to any 
picture of this unusual object. It is for this reason that we have attempted to confirm 
Smak’s discovery with new photoelectric observations of HZ 29, made using the Prince- 
ton 36-inch telescope and employing modern power-spectrum techniques to search the 
data for the suspected variability. 

* Present address: Observatorio Interamericano de Cerro Tololo, La Serena, Chile. 
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n. OBSERVATIONAL DATA AND ANALYTICAL TECHNIQUES 

Our techniques have been briefly described in an earlier communication (Lawrence, 
Ostriker, and Hesser 1967; hereinafter referred to as “Paper I”) and will be described in 
detail elsewhere (Hesser, Ostriker, and Lawrence 1968; hereinafter referred to as “Paper 

In brief, the data are obtained by use of a single-channel, 1P21, UBV, pulse- 
counting photometer on the Princeton 36-inch Cassegrain telescope. They are recorded 
in digital form at the time of observation with 2-sec counting intervals. In Table 1 we 
list the relevant information concerning the observing runs; the time listed in Table 1 is 
the starting time of the run. The analysis to follow is based upon a total of ^21 hours of 
observations. 

Our analysis of the data consists of basically three parts. (1) A power spectrum is 
derived using the conventional techniques described by Blackman and Tukey (1958); a 
detailed description of this portion of the analysis will be given in Paper III. Periodic 

TABLE 1 

Observations of HZ 29 at Princeton 

Date 
(1968) 

Time 
(E.S.T.) 

Record Length 
(sec) Filter 

January 6.. 
February 21. 
February 23 
February 23 
April 1  
April 1  
April 6  

03:43:11 
22:42:12 
01:09:50 
22:52:18 
20:24:32 
21:33:51 
20:02:16 

3136 
14432 
11040 
13600 
4072 

10944 
17792 

None 
None 
None 
None 
None 
None 
None 

signals that are very small compared to fluctuations in the noise level are easily isolated, 
and for P ~ 500 sec an accuracy oî bP/P < 1 per cent can be obtained from records as 
long as those in Table 1. (2) An autocovariance analysis is then made to determine the 
period more accurately. In this analysis, pairs of observing runs with increasing time 
lags between them are combined by shifting one record with respect to the other in order 
to determine which delays give maximum overlap of the two records. There is an intrinsic 
uncertainty introduced here due to a possible error in the integral number of periods 
between observing runs (see Fig. 1). (3) In the final step the best period averaged from 
the results of stage 2 is used to derive the mean light curve; one may also vary the period 
slightly at this stage in order to minimize collectively the probable errors of the individual 
points on the light curves. In stages 2 and 3 heliocentric times were used. The details of 
the second and third steps will be given in subsequent papers. 

in. RESULTS 

Initial estimates of the period of variability have been obtained from three “coarse” 
analyses of the available data, (a) Smak’s autocovariance analysis of half of his available 
1962 data indicated that the longer period, Pi, was ^1054 sec. {b) We reduced all Smak’s 
data from his Tables 1 and 2 to digital form and processed them with our power-spectrum 
programs. This is equivalent to Smak’s treatment, since the power spectrum is just the 
Fourier transform of the autocovariance, (c) Finally, we have determined the period from 
the average power spectrum derived from the observations listed in Table 1. The results 
of these three analyses, with formal probable errors, are (a) Smak’s analysis of his data: 
P = 1054 + 9 sec; (b) our analysis of Smak’s data: P = 1049 + 8 sec; (c) our analysis 
of our data: P = 1047 ± 4 sec. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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In the power spectra derived from our data, only two reproducible peaks were found, 
those corresponding to the ^525-sec and the ^ 1050-sec variations. The ratio of the 
powers at these two frequencies in the mean spectrum was ^42(525)/M2(1050) = 1.45. 

We then use the period ^1050 sec in the first stage of fine analysis, where we calcu- 
lated the autocovariance of the signal from eight pairs of observing runs, as indicated in 
Table 2. This function of time lag peaks at integral multiples of the period. By dividing 
the time lag, at a peak, by the integral number of periods, we derive an improved esti- 
mate for the period. Other peaks give additional estimates that can be combined to give a 
mean period with associated probable error. Figures 1 and 2 show the results of this 
analysis applied to the ^525-sec variation. Using more and more widely separated 

TABLE 2 

Pairs of Observing Runs Used in 
Auto covariance Analysis 

Designa- 
tion 

I. . . . 
II. . . 
III. . 
IV. .. 
V. . . 
VI. .. 
VII. . 
VIII. 

Run Pair* 

April 1 (1)- 
February 23 (1)- 

February 21- 
Febmary 21- 

April 1 (2)- 
February 23 (2)- 

February 21- 
February 21- 

April 1 (2) 
February 23 (2) 
February 23 (1) 
February 23 (2) 
April 6 
April 1 (2) 
April 1 (1) 
April 6 

Approximate 
No. 500-Sec 

Periods 

16 
150 
175 
322 
810 

6240 
6545 
7380 

* (1) or (2) after the date indicates that the first or second run (see Table 
1) of that date was used. 

HZ 29 

Fig. 1.—Estimates of the ^525-sec period of HZ 29 derived from various pairs of observing runs. 
Each horizontal row of rectangles represents a specific pair of runs, as identified in Table 2. Each rec- 
tangular box represents an estimate of the period, the width of box being twice the formal probable error of 
estimate. Ambiguity of period mentioned in text is indicated by multiplicity of boxes in each horizontal 
row; examination of Fig. 1, however, shows that only the 525.5-sec alternative is possible. 
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observing runs, we find the period converging to P0 = 525.53 + 0.03 sec and P\ = 
1051.06 ± 0.06 sec. 

Adopting the latter period, we construct mean light curves from each run, which we 
then combine to find the grand average; the resulting light curve is shown in Figure 3. In 
this last step we further refine the period by choosing that Pi which minimizes the dis- 
persion about the resulting grand-average light curve. The final adopted period is 
Pi = 1051.118 ± 0.015 sec. 

HZ 29 

Fig. 2.—Same as Fig. 1, except that more widely separated pairs are used to define the period to higher 
accuracy. Final entry, below row VIII, is period derived from construction of final light curve, as described 
in text. 

Fig. 3.—Light curve of HZ 29 constructed using indicated period. Two cycles are shown for con- 
venience. Error bars indicate formal probable error of the mean of the approximately 1500 observations 
included in each point. Zero phase is defined to occur at 2439000.000 J.D.O. 
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When this period is used, the phase at, say, minimum light, shows no shift between 
runs greater than that due to statistical fluctuations. Each point in Figure 3 represents 
^1500 individual observations. The amplitude [(peak — trough)/2] of the curve is only 

photoelectrons per sec compared to a total (sky + star) count level of ^900 sec“1, 
where the total count level has intrinsic fluctuations of at least (900)1/2 = 30 counts 
sec“1. Thus, by looking in a narrow frequency band and combining large numbers of 
observations, we are able to detect a signal at a ratio of <0.2 of the noise level and 
measure its variation to an accuracy (see probable-error bars in Fig. 3) corresponding 
to a ratio of <0.02. For the 20-sec equivalent integration times used in Figure 3, these 
ratios should be multiplied by ^4.5. While the fine details of the light curve are certainly 
not reliable, we can safely characterize it as being generally of the “double wave” type. 
Alternating maxima are of nearly the same height and minima of the same depth. The 
maxima are somewhat flatter than the minima, and alternating maxima are broader. 

IV. INTERPRETATIONS 

As pointed out in § 1, Wampler (1967) has discounted, on the basis of his studies of 
the optical continuum, the suggestion by Burbidge, Burbidge, and Hoyle (1967) that 
HZ 29 is a quasi-stellar object with z = 1.95. Wills (1968), finding a low radio luminosity 
for HZ 29, has similarly cast doubt on the suggestion, noting that the ratio of radio to 
optical luminosity of HZ 29 is much lower than that for known quasi-stellar objects. And, 
finally, the confirmation of the very short-period variability and the appearance of a 
distinct light curve would seem to be inconsistent with any of the present models of 
quasi-stellar objects. 

A binary-system interpretation also seems unlikely, since maximum light occurs only 
during a small fraction of the total light curve. Also, the object is not on the main 
sequence, and, if it were instead a pair of eclipsing white dwarfs, the mass would have 
to be very low in order to have a close pair with a period as long as 103 sec. However, the 
period is not impossible for a pair of hot subdwarfs, even though the very low amplitude 
of the observed variation greatly reduces, on a purely statistical basis, the plausibility 
of an eclipsing system. 

The observed period is too long for a radial pulsation in a white dwarf with M > 
0.03 Me (Ostriker and Tassoul 1968), but the period is compatible with pulsations that 
might exist in a hot subdwarf; for instance, Rose (1967) has computed that a helium- 
shell-buming star with M = 0.75 Me could have fundamental modes with P^280 
sec, and it would be easy to increase this value either by reducing the mass or by adding 
hydrogen to the envelope. If pulsations were taking place, the velocity in the atmosphere 
would be of the order of a few km sec“1 and consequently undetectable. 

A fourth possibility may merit some future attention. It is known that magnetic A 
stars are intrinsically slow rotators for their type (for a recent review see van den Heuvel 
1968), and they often show low-amplitude, double-wave patterns in integrated-light 
photometry. Contraction, with mass loss, to the white-dwarf stage of such a star would 
leave a white dwarf with a rotation period of ^TO3 sec and, for a field that is frozen in, 
^surface ^ 107 gauss. The amplitude of the variations in brightness would be expected to 
be preserved after contraction to the white-dwarf stage, because the magnetic energy 
scales as the gravitational energy, and the resulting star might resemble HZ 29. 

Detailed interpretation of the observational data accumulated in recent years for 
HZ 29 awaits further attention, but at this time the most tenable suggestions are that 
HZ 29 is either a hot subdwarf star undergoing radial pulsations or a magnetic variable. 
We believe that this is the shortest-period variable star for which a light curve is avail- 
able. The combination of very short period and very low amplitude may indicate that 
perhaps we are seeing a typical member of some new class of variable star rather than 
an extremely eccentric member of one of the classical categories. 
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