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The Astrophysical Journal, Vol. 148, June 1967 

ULTRASHORT-PERIOD STELLAR OSCILLATIONS. I. RESULTS FROM 
WHITE DWARFS, OLD NOVAE, CENTRAL STARS OF PLANE- 

TARY NEBULAE, 3C 273, AND SCORPIUS XR-1 

ABSTRACT 
Power spectra which are most reliable for Fourier components in the 2- to approximately 300-sec 

range have been measured for a number of stellar objects. Null results are presented for six white dwarfs 
and a magnetic star. Nova T Corona Borealis was found to have periodic fluctuations in the 100-second 
range. Prehminary results for 3C 273 and Scorpius XR-1 are briefly discussed. 

The study of the light variations that might be expected from the eclipses or pulsa- 
tions of very dense stars has been hampered in the past by the difficulties encountered 
in measuring very short-period fluctuations in stellar luminosity, particularly if the 
oscillations are of low amplitude. For the relatively faint objects of greatest interest 
it is usually difficult to distinguish between intrinsic fluctuations in the source and the 
inescapable fluctuations in the observed signal due to the Poisson distribution of the 
counted photons. 

We have recently undertaken a program of observations designed to measure the 
periodic variations of the apparent magnitude in a number of objects of astrophysical 
interest which might have Fourier components with periods in the range of 2 sec to 
5-15 min (depending on the length of the observing run). Our preliminary results con- 
cern white dwarfs, old novae, central stars of planetary nebulae, 3C 273, and Scorpius 
XR-1. 

We have used a standard single channel 1P21 UBV photometer and digital recording 
techniques to obtain observations with the Princeton 36-inch Cassegrain telescope. 
Photoelectrons are counted for 1-sec intervals and the counted values are punched on 
cards; a buffer memory eliminates dead time in the counting process. The data are 
analyzed by modern auto-correlation techniques (Blackman and Tukey 1958); the 
final result of an observational run, which may extend from 0.5 to several hours, is a 
computer-printed power spectrum. Periodic signals which are very small compared to 
fluctuations in the noise level are easily isolated and appear as peaks in the power 
spectrum (see Blackman and Tukey 1958, p. iii). Recently Smak (1967) has discovered 
an 18-min variation of 0.03 mag in HZ 29 with the use of a similar analysis technique. 
Data taken on successive nights have also been combined to provide a composite power 
spectrum which is low in noise and which emphasizes those Fourier components which 
recur from night to night without regard to phase. 

We have tested our equipment by observing Nova DQ Herculis (1934), for which 
Walker (1956, 1961) has found a 71-sec period by a very convincing application of 
standard techniques. Our observations, made on October 10, 1966, have confirmed 
this period in DQ Her. Other old novae have also been observed; in particular, exten- 
sive observations of T Corona Borealis (1866, 1946) have confirmed the ultrashort- 
period fluctuations found by Walker (1957). The situation here seems to be quite com- 
plex, but several periods repeat on a number of nights in October, 1966, and January, 
February, and April, 1967; the most prominent, consistently repeating periods are 
98.2, 105.2, and 112.4 sec. 

Twelve white dwarfs from the list of Eggen and Greenstein (1965) have been ob- 
served and of those twelve, EG numbers 5, 9, 71, 96, 148, and 158 were unambiguously 
found to have flat power spectra for periods, P, in the range 2 < P < 300 sec. The max- 
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imum Fourier amplitude observed in these candidates was < 0.6 per cent of the mean 
count level (0.006 mag) for EG 96 and EG 5, whereas the lowest limit of < 0.002 mag 
was set on EG 71. The empirical discovery that the power spectra of white dwarfs 
are flat at a power level corresponding to intrinsic statistical variations has made it 
possible to check instrumental behavior and seeing conditions on nights for which we 
have positive results on other classes of objects. 

A null result was also found for the magnetic star HD 108662 (cf. Ledoux and Renson 
1966) for which the maximum amplitude was found to be < 0.002 mag. 

The third class of objects which have been observed to date are the nuclei of two 
planetary nebulae, NGC 1514 and 2392. Both of these stars show complex power 
spectra which are quite similar, in rough analysis, to the power spectra of old novae 
and dissimilar to white dwarfs. It will take a number of further observations and ex- 
tensive analysis to decide which, if any, of the peaks observed in the power spectra of 
NGC 1514 and 2392 correspond to physically periodic phenomena. However, we are 
able to state that the central stars of these nebulae can “flicker” like some old novae 
with individual Fourier amplitudes of ~ 0.015 mag over periods of a few minutes; 
superimposed on these fluctuations there is evidence suggesting periodic oscillations of 
855 and 138 sec in NGC 1514. It is worth noting that Kohoutek (1967) has recently 
suggested that the nucleus of NGC 1514 may be a binary star. Until further tests are 
made, the possibility remains that seeing fluctuations of the extended nebulosity ap- 
pearing in the photometer diaphragm could introduce spurious fluctuations in the 
power spectra. 

The quasi-stellar radio source 3C 273 was observed in integrated light on January 
19 and April 4, and 30, 1967 and, for 2 < P < 400 sec, had a maximum amplitude of 
< 0.008 mag. 

Observations of the optical source identified with the X-ray emission in Scorpius 
XR-1, were made in September, 1966, and on April 4 and 12 and May 1, 1967; obser- 
vations on the last three dates sufficed to confirm the variability observed by Sandage, 
Osmer, Giacconi, Gorenstein, Gursky, Waters, Bradt, Garmire, Sreekantan, Oda, Osawa, 
and Jugaku (1966), but extensive further observations would be required to convinc- 
ingly demonstrate periodic fluctuations. 

A paper in preparation describes both the experimental and analytical techniques 
used in this work and discusses the above observations in significantly greater detail. 

We wish to extend our gratitude to Mr. Joe Born for his numerous contributions to 
the experimental program and to Mr. Bruce Langdon, who generously made available 
programs used in the statistical analysis, including one which incorporates the new 
and extremely efficient Cooley-Tukey algorithm for computing discrete Fourier trans- 
forms. This work has made extensive use of data recording equipment belonging to 
this Observatory’s experimental oscillator strength program which is supported by 
the National Aeronautics and Space Administration grant NsG-414. One of us (J. E. H.) 
has received support from National Science Foundation grant GP-6927, while the com- 
puter facilities are supported by National Science Foundation grant GP-279. 
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