


(2) 1973-1990, no timings, and (3) 1991-2001, P2 (>P1 by 0.7 s),
based on photoelectric (PE) and CCD photometry—13 timings in six
observing seasons (91-92, 92-93, 94, 97, 98 and 2000-2001; YL’s
timings were in 1998).

We captured two minima in our photometry and have determined
their times by reflecting the ascending branch on to the descending
branch while adjusting the HID of the fold to get the best match.
We then averaged the times for the two filters to get primary min-
imum at HID 2454108.796 85 and secondary minimum at HJD
245 4094.806 75. These new times agree well with YL’s ephemeris.
None the less we have combined the existing PE and CCD times
since 1990 with ours to obtain a new ephemeris used to phase our
photometry and spectra:

HIDMinI 2452897 5295(3) 03833126(2)E (1

for which uncertainty in final digit is given in parenthesis. YL
suggest that the period of V432 Per changed about 1973, and we
concur that the period lengthened by about 0.7 s around that date.
This new, longer period has remained constant since the analysis of
YL.

LEE give a potentially more sophisticated analysis of the
(O  C) diagram, interpreting it as a combination of a contin-
uous period increase, to give the overall parabolic shape, and a
light-time effect in an eccentric 35-yr orbit, to explain the shorter
term variations. This implies a more or less continuous transfer of
mass between the components and agrees with the currently fash-
ionable idea that having a third component in a wide orbit is a sink
of angular momentum required to have a close binary in the first
place (e.g. Rucinski, Pribulla & van Kerkwijk 2007).

These two approaches constitute fundamentally different ways of
thinking about period changes in close binaries. YL’s representation
of them as essentially a number of discrete events assumes the
notion developed by Hall (1990) in his study of period changes
in close binaries that they are preponderantly episodic, possibly
caused by some unknown phenomenon of magnetic cycles. On
the other hand, LEE use entirely continuous processes that can
be modelled mathematically. The stochastic approach, whether it
supposes fluctuations in stellar structure from magnetic cycles or
from episodic mass transfer, is theory in outline only without any
truly hard predictions.

Which, if either, of these two approaches is correct? It would be
dishonest to dismiss the episodic theories simply because we as-
tronomers are too stupid to make predictions for them. Eventually,
this star may give an answer, if effects of the 35-yr orbit repeat, but
that will be after we have all passed from the scene. In the mean-
time, we must also keep in mind that the seemingly smooth period
increase, supposedly caused by unidirectional mass transfer, may
simply be the result of episodic transfer we cannot resolve, as per
Hall (1990). We are thus left in a situation much like that of dealing
with global warming in which we would like to isolate the effect of
increasing CO, concentration but cannot unequivocally disentangle
it from natural fluctuations in Earth’s atmosphere, unmodelable but
known to exist.

4 PHOTOMETRIC AND SPECTROSCOPIC
SOLUTION

4.1 The light-curve solution

We have solved the light and velocity curves with the Wilson—
Devinney Code (2003 version; see Wilson & Devinney 1971;
Wilson 1979; and Wilson 1990), which allows spots at arbitrary
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positions on the components of a contact binary. This is important
because the light curves of V432 Per and similar stars tend to be
asymmetric as though parts of the surface are hotter or cooler than
expected in the standard picture of a binary system. In particular,
phases either side of 0.5 are brighter, when the side of the smaller
secondary star faces the larger primary star are most exposed. This
implies the secondary has either a bright spot on its neck facing the
primary, or a dark (cool) spot on its rump facing away. The star also
shows that the O’Connell Effect (O’Connell 1951; Milone 1968)
is slightly fainter (by about 0.02 mag at this epoch) at phase 0.75
than at phase 0.25. We modelled this effect with a dark spot on the
trailing side equator of the primary with a temperature about 1 per
cent cooler than the rest of the star in all cases.

Among the models we have had to consider are contact models
in which the binary is enclosed in a common envelope between the
inner contact surface (Roche lobes) and the second contact surface.
The degree of contact is usually specified by a filling factor, f, de-
fined in Wilson’s terminology as the fraction of the difference in
gravitational potential between the inner and outer contact surfaces
that the star’s surface lies above the inner contact surface. A small
f implies the star is just overfilling its Roche lobe, and this is the
usual case for contact binaries. If f becomes negative in a solution,
the ‘contact’ component has shrunk beneath its Roche lobe. Other
properties defining the model are (1) the mass ratio, g, which de-
termines the eclipse depths in a totally eclipsing system, (2) the
orbital inclination, i, (3) the assumed, fixed temperature of the pri-
mary component, T, (4) the adjusted temperature of the secondary
component, T, (5) the various properties of spots, namely their
locations, sizes and temperatures, (6) a multiplier to fit the over-
all level of the intensities and (7) coefficients for limb darkening,
gravity darkening and the reflection effect, all of which are usually
assumed to have some theoretical values.

Although we investigated dark spots on the backside of the sec-
ondary, the better solutions all involved putting a bright spot on the
neck of the secondary facing the primary. The data give a great deal
of leeway in choosing the size and temperature of this spot, so we
have explored the eight families of solutions listed in Table 3 in
which we fixed the spot size and solved for the other parameters.
For a fixed spot size and location, we vary ¢q, f,i, T, and T oo The
relative quality of the fits can be judged from the rms residuals in
Column (4) of Table 3. We have chosen the model with rg,,, 120
as providing the best fit; Table 4 gives detailed properties for it. The
solid line plotted in Fig. 1 is this solution.

The geometrical elements seem to be very well determined as
judged by the quoted formal errors, but these must be taken with a
grain of salt (Popper 1984). To get a better idea of the true errors
in this sort of solution, we tried using a different program (Eaton
et al. 1993) than the Wilson-Devinney code and fitted the extra
brightness near phase 0.5 with a highly elevated albedo for the
secondary, essentially the same as using a bright spot on the neck.
In this case, the solution tended towards marginal contact (f
0.005) with amassratiog  0.356 o 0.002andi 84 77.

4.2 A spectroscopic test

Line profiles can provide an excellent way of testing and constrain-
ing the light-curve solution. Given a light-curve solution it is easy
enough to calculate a line profile (e.g. Eaton, Hall & Honeycutt
1991; Eaton et al. 1993; Eaton & Henry 2007). The scale of the pro-
file depends on the total velocity amplitude of the orbital motion,
K, K, K;(1 1 g),and the calculated profile gives a good
test of the mass ratio even if one cannot measure velocities for the
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