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The redshifts of minimum angular diameter, Z,,,, have been
calculated as a function of g, and a in the zero-shear IFM
(Fig. 1). The determination of Z,, is, in itself, not sufficient to
determine g,. Thus, for example, if Z,, = 1.6, then0.25<¢,<2.0
corresponds to 12a>0.3; and to determine g, requires that
o be specified. Note that if ¢ = 0 there will be no minimum
angular diameter regardless of the value of g,.

The interpretation of further observations of the angular
diameter-redshift relation may provide a simple test for the
existence of an intergalactic medium, if the acceleration factor
can be estimated independently.
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Harmonic analysis of
the light of DQ Herculis

SEVERAL classes of interacting binary stars, such as the dwarf
novae, nova-like variable stars and X-ray stars, present
many examples of rapid periodic optical variations.
DQ Herculis {(nova 1934) is, however, the only nova known
to show such variations. They are of low amplitude, gener-
ally less than 0.04 mag semi-amplitude, and have a period
of 71.065459 s (refs 1-3). We report here a study of the
harmonic components of the 71-s periodicity, and show that
the results place severe limits on the available models of the
variation.

The observations were made in June, August and Sep-
tember, 1973 at the Cassegrain focus of the 2.08-m telescope
of the McPonald Observatory using the high speed two-
channel photometer developed by Nather and Warner*. The
data consist of six observing runs totalling 14.4 h of photo-
metry of DQ Herculis; data taken during eclipse were not
included. Individual power spectra were computed for each
of the observations and these spectra were then averaged
together to produce the power spectrum shown in Fig. 1.
The frequencies corresponding to the 142-s subharmonic
and to the higher harmonics of the 7I-s variation are
indicated.

The prominent peak corresponds to the 71-s periodicity
and is nearly three orders of magnitude above the noise.
At the subharmonic frequency, the contribution to the
power spectrum is consistent with the surrounding noise
level, which is dominated by the optical flickering of
DQ Her. The power at the subharmonic frequency is less
than the power at the fundamental frequency by a factor of
310 (17.6 in amplitude).

There are no highly significant harmonic components to
the 71-s variation. There is, however, evidence for the
existence of the first harmonic, since the highest point of
the 1,680 points in the power spectrum that lie at fre-
quencies higher than 0.016 Hz 1s found precisely ai the
frequency of the first harmonic. After subtraction of noise,
it is found that the contribution of this component is less
than that of the fundamental by a factor of 600 in power
(24 in amplitude). These values correspond to a maximum
semi-amplitude for the first harmonic of 0.0017 mag. The
remainder of the observed power spectrum has a shape and
level consistent with white noise. A conservative upper limit
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Fig. 1 Log of averaged power of the light of DQ Her

showing the harmenic character of the 7i-s periodicity.

Frequencies corresponding to the 142-s subharmonic (SH)

and to the higher harmonics (numbered) are indicated by
arrows,

to periodic components in the frequency range of 0.028-
0.1 Hz is 0.0014 mag.

Two major groups of models have been advanced to
explain the 71-s variation of DQ Her: non-radial white
dwarf pulsations and a rotating white dwarf with a dipole
magnetic field**™*. In general, a rotating white dwarf with
a dipole magnetic field should produce a 142-s subharmonic
because of physical and geometric asymmetries between the
two poles. On the other hand, pulsational models could also
require significant contributions to the power at the har-
monic frequencies. Our study has shown that the 7l-s
variation of DQ Her is a sinusoid of remarkable purity, with
a small harmonic contribution’to the power occurring only
at the frequency of the first harmonic. Consequently, no
model of the variation can be considered complete unless
it is consistent with this purity.
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