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Abstract

I have used the University of Tasmania 1m optical telescope at Mt. Canopus to make
observations of the cataclysmic binary OY Carinae. My observations on the 30" of
September 2003 show an eclipse time 156N10 seconds earlier than predicted by Wood et
al (1984). Combining these observations with earlier observations of OY Carinae it is clear
that the orbital period of OY Carinae is decreasing with time. The change in orbital period
could provide a useful laboratory for studying mass transfer in binary star systems.

Introduction

The OY Carinae system (hereafter OY Car) is a cataclysmic binary system, consisting of a red
dwarf, transferring mass to the close white dwarf partner. The orbital period of the system is
approximately 1.5 hours. The binary orbit has a small inclination, allowing the eclipse of the
white dwarf and accretion disc hot spot to be observed from Earth. The celestial coordinates of
QY Car are (B1950, RA 10h 05m 16.83s, Dec -690 59™ 24.3%)

The system was discovered by Hoffmiester (1959), (Vogt et al. 1981) however it was not until
1981, that Vogt, et al. published an ephemeris for the dwarf novae. Cooke (1985), suggested
that the period of the system was decreasing. The aim of this experiment is to determine if
the period has decreased signiycantly from the Vogt et al. predicted ephemeris time, and the
predicted time published by Wood et al. (1989), observed in 1984. If a change in period were
occurring in such a cataclysmic binary, it could provide astronomy with a useful laboratory for
further understanding mass transfer between companion stars or potentially a laboratory for
gravitational radiation.

The OY Car system contains a bright white dwarf, surrounded by an accretion disc. This
accretion disc is gas powing from its partner, a red dwarf. The red dwarf has an extended
atmosphere that has expanded past the Lagrangian point (a point between the two stars

where matter can remain at rest relative to the two stars), where the gas leaves the red dwarf
and approaches the accretion disc of the white dwarf. Due to the angular momentum of the
approaching gas, it enters the accretion disc at a more advanced angle than that of the red
dwarf, see ygure 1. The point at which the gas enters the accretion disc has a high temperature,
due to the gas particle collisions that occur at the edge of the disc. Consider the red dwarf, as
illustrated in ygure 1 moving clockwise about the white dwarf, with Earth located at inynity in the
plane of the system. With these assumptions one can describe the eclipse event as seen from
Earth as illustrated in ygure 1.

As can be seen in ygure 1, before the eclipse occurs, the hot spot contributes light to the system,
so the system is relatively bright. At time T, the white dwarf becomes eclipsed behind the red
dwarf, with complete eclipse of the white dwarf occurring at T,,. This time interval is known as

the primary ingress (Vogt et al. 1981). From T, to T, light from the system decreases as the red



dwarf obscures more the accretion disc, at T, the red dwarf begins to eclipse the hot spot, until
at T,, the hot spot is entirely eclipsed, T, to T, relates to the hot-spot ingress. From T, till T,

the red dwarf obscures the white dwarf. The time interval T, and T, corresponds to the primary
egress, where the white dwarf comes out of the eclipse (Vogt et al. 1981). As the red dwarf
obscures less of the accretion disc, the brightness of the system increases, until at the bright
spot contributes comes out of eclipse between T, and T, the hot-spot egress, however the hot
spots contributes less light as it is at the edge of the accretion disc, soon to be obscured behind
the disc. These features can be seen in the light-curve obtained by this experiment, see ygure 2.
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Figure 1: The OY Car system looking along the orbital axis, with the eclipse events marked as the
red dwarf obscures the white dwarf. Lines marked with T, € T, are lines of sight to the Earth.

Method for Calculating Mid-Eclipse Time
In this experiment the time of mid-eclipse T, ... is the mid-point between the primary ingress,
and the primary egress, this time is the mid-point of T, T,, and the midpoint of T, and T,. This
deynition corresponds to the arithmetic mean of T, T,, T, and T,. Thus the time of mid-eclipse is

given by equation 1.

_L+T,+ 15+ 1,
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Equation 1

The deynition of the mid-eclipse time (T, _.) as expressed in equation 1, is consistent with

the method used by Vogt et al. (1981). The method used by Wood et al. (1989) is more
sophisticated, by determining the separate components of the eclipse, and taking the midpoint
between primary ingress and primary egress, Wood et al. (1989) essentially have obtained the
same point for T . as deyned in this experiment.

All ephemeris times are quoted in terms of the heliocentric Julian ephemeris date, which is the
Julian date at which the event would have been observed at the centre of the Sun. This allows
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all time to be quoted from the same point in space, as the Earth can be light minutes, closer or
farther from OY Car, depending on the time of year.

The mid-eclipse ephemeris time was compared to the predicted mid-eclipse ephemeris time
determined by Vogt et al. (1981) and Wood et al. (1989). Vogt et al. determined that the eclipse
period is constant, occurring regularly at the mid-eclipse time quoted in equation 2.

Time = (2.443993.553241:£11X107) + (0.0631209247 x 22 X10™'°) £ days,

Equation 2

where E is an integer corresponding to the number of periods since the initial mid-eclipse was
measured (Vogt et al. 1981).

Wood et al, (1989) made a mid-eclipse prediction as expressed in equation 3, which updates
the prediction made by Vogt et al. (1981). Here Wood et al. (1989) have also assumed that the
period of the system is not changing.

T popipse = (2.443993.553839 =9 X107°) +(0.0631209239 = 5 x10'%) £ days,

Equation 3

where E is again an integer corresponding to the number of periods since the initial mid-eclipse
was measured (Wood et al. 1989).
The most recent T prediction was made by Pratt et al. (1999). Their prediction utilised a
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linear least squares method which gave an eclipse time given in equation 4.
T ipee = (2.443993.553958 +6 X107°) + (0.0631209180 = 2 X10™* ) £ days.

Equation 4

All the predictions from the literature assume that the period of the system is constant. In order
to make a comparison, the data collected in this experiment was compared to the prediction
made by Wood et al. (1989), as a change in period could be detected if the observed eclipse
time is quadratic with respect to the predicted eclipse time.

Determining the mid-eclipse time

In this experiment a light-curve was observed, which gives the relative magnitude of OY-Car
with respect to the Modiyed Julian date. The eclipse time is evaluated by superimposing linear
estimations of the differing stages of the eclipse to ynd T, € T, using equation 1, the mid-
eclipse time was found units in of modiyed Julian date (MJD). The conversion from MJD to Julian
Date (JD) is given by adding 2400000.5 days to the MJD, all dates are in units of 24-Hour days.
The 1/2 day is added so that the Julian date day does not change during the middle of the night
in GMT. Once the Julian Date had been established it was necessary to determine at what time
the event would have been observed at the centre of the Sun, as the Earthis distance from the
object is constantly changing. Such a correction can be computed using ESO Midas software. It
is reasonable to argue that a more accurate time could be quoted from the centre of mass of the
solar system, known as barycentric time, however there is little difference between these times,
with a systematic error less than the uncertainty observed in this experiment. All previous values
for the mid-eclipse predictions were calculated in terms of the heliocentric time. Using a similar
time system the results from this experiment were easily comparable to results from previous
experiments.



Experimental Procedure

The observations of OY Car were made on the 30th of September 2003, using the 1m Mt.
Canopus telescope, Hobart Tasmania. The light from OY Car and some nearby objects was
collected using a light-sensitive CCD. The CCD was exposed for 15 seconds per image, with
yve seconds for the image to be saved, giving a time resolution of approximately 20 seconds.
The images were taken for 100 minutes, during which two eclipses were observed, however one
eclipse was missing the start, and the ynal eclipse was missing the end, this was later accounted
for, when the two eclipses were superimposed upon each other. The images were stored in FITS
yles, which recorded the numbers of interactions observed in each pixel on the CCD, as well as
other unwanted components of the image. Each image has a header that records the position

of QY Car, the Universal Time, and the MJD at which the image began recording. Once all the
exposures were made, additional exposures were made to determine how the CCD responds

to the dark for both 3 and 15 seconds, and the sensitivity of the CCD was established by taking
exposures of a pat yeld, of constant brightness for 3 seconds.

The images were processed using ESO Midas software on a Linux system. Using ESO Midas,
all the images were cropped at the edges to remove pixels where the coupling of the CCD
caused some values to be very inaccurate. The pixels were then rebinned so that four pixels
were combined into one pixel, where the value in the new pixel is the sum of the four previous
pixels. The dark exposures were averaged together to give an average dark for 3-second
exposures and an average dark for 15-second exposures. All the images were then dark
subtracted, using a program called dsub.prg. Dark subtraction removes all the contributions due
to current leakages in the CCD.

Once the subtractions were complete, the pat yeld images where averaged together, and
normalised using normpat.prg. Normalising the pat yeld images cause the mean pixel value
to equal 1. All the dark subtracted OY Car exposures were divided by the normalised pat yeld
image to correct each pixel for the relative sensitivity of the CCD.

Once these procedures were completed the set of images consisted predominantly of the
contribution of light from OY Car and surround stars in the yeld of view. To determine the relative
magnitude of OY Car as a function of time, the images where analysed using a program called
dop.prg that called another program dophot which used an iterative process to yt a Circular
Gaussian proyle to OY Car and a nearby reference star to establish the magnitudes of the
objects, relative to the dark sky. Once the process was complete, the magnitude of OY Car was
subtracted from the magnitude of the reference star, giving the relative magnitude of QY Car.
Finding the relative magnitude of OY Car relative to a reference star of constant intensity, allows
for the removal possible changes in the sky brightness.

In calculating Tecipser the MJD of each image was reduced by subtracting 52911 to give a
Reduced Julian Date. As two eclipses were observed, the yrst eclipse was superimposed onto
the second eclipse by adding 0.0631209247 RJD to each datum pointis time in the yrst half of
the data set. The second eclipse with the superimposed yrst eclipse was graphed and analysed
using straight-line approximations to determine the eclipse event times, T, ... T, see ygure 3.

The time of mid-eclipse was obtained and compared with the predicted value quoted by Wood
et al. (1989) Furthermore a graph comparing the predicted mid-eclipse time vs. observed mid-
eclipse time was produced to determine whether the orbital period of OY Car has changed since
the previous observations of OY Car by Mt. Canopus and other observatories, see ygure 4.
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Results and Discussion

The light curve obtained in this experiment is shown in ygure 2. The superposition of the yrst
eclipse onto the second eclipse the combined eclipse light curve is illustrated in ygure 3.
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Figure 2 : Light curve of OY Car observed with the Mt. Canopus 1m Optical telescope on the 30" of

September 2003.
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Figure 3: A light curve of the OY Car eclipse with the yrst eclipse superimposed on the second eclipse

observed on the 30" of September 2003. Eclipse events are marked with arrows.



By ytting straight lines to obtain the event times of change in the eclipse, the values for time
T,...T, were obtained and tabulated in table 1.

Eclipse event RJD
T1 1.47959
T2 1.48005
T3 1.48122
T4 1.48192
T5 1.48285
T6 1.48332
T7 1.48600
T8 1.48701

Table 1 : Eclipes event times [RJID]
It is important to note that these times correspond to the time at which an image exposure
began. To correct this so that the time corresponds to the mid-point of the image exposure, 7.5
seconds needed to be added (half of 15 seconds). The estimated uncertainty in time for each
exposure is 0.00115JD as the magnitude of OY Car was sampled once every 20 seconds.
7.5 seconds = 8.7 x 10° RJD.

Adding the above correction to each datum point time, gives the following event times.

Eclipse event RJD
T1 1.47968
T2 1.48014
T3 1.48131
T4 1.48201
T5 1.48294
T6 1.48341
T7 1.48609
T8 1.48710

Table 2 : Eclipse event times (corrected) [RLD]

With the corrected RJD values, it was possible to calculate the eclipse time in RJD using
equation 1. Thus for this experiment the mid-eclipse time...
T . =1.48154 +/- 0.000115 RJD

eclipse

The eclipse time was converted to a Modiyed Julian date by adding 52911, and then converted
to the Julian date by adding 2400000.5, thus giving...

Toipse= 2452912.98154 +/- 0.000115 JD
To convert the mid-eclipse time to the time the event would be observed at the centre of the Sun,
a program called compute/barrycor was used to give an appropriate correction for the heliocentric
JD. The program required the coordinates of OY Car at the time of observation. This was done
by using Midas to precess the coordinates to the epoch of 30/9/2003. The new coordinates of OY
Car and the position of the telescope at the universal time (11:33:25 on the 30/9/03) of the event
were used to calculate to heliocentric correction, which for this mid-eclipse event was...
Heliocentric Correction=-1.864788303467 x 10 days.
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