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FIRST SYNTHETIC SOLUTION FOR THE W UMA SYSTEM CV DRACONIS

INTRODUCTION

CV Draconis was discovered by Strohmeier and Knigge in 1960 as a
short period variable with a photographic range of 0.6 mag .
Further investigation carried out by Nikulina (1961) on a set of
sky-patrol plates failed to identify any definite periodic variation
of brigthness.

Nikulina classifies CV Draconis as a rapid irregular variable star
and such classification were included into the 4th edition of the
GCVS (Kholopov et al., 1985).

With these data CV Draconis was included in the GEOS observational
program and a number of visual observations carried out by the
members of the Groupe d’Etude and Observation Stellaires (GEOS)
during the years 1985 to 1988 were able to show the eclipsing
close binary nature of the star and to identify an approximate
period very close to the true one.

The results of the visual investigation were publishzd in several
GEOS internal pubblications (GEOS Note Circulaires).

A GEOS NC summarizing the results of all the visual data is in
preparation and will be published in the future.

THE PHOTOELECTRIC OBSERVATIONS

During the same time photoelectric monitoring was planned and
carried out by Agerer and Lichtenknecker in two colors (B and V)
and were able to obtain 323 observations in V and 381 in B.
The observations were first published by Agerer et al. in the BAV
Mitt. No.49 (July 1988) in digital form.
The two ligth curves, as pubblished on the IBVS 3213 as well as
in the BAV Mitteilungen, are shown in the figure 1.
The light elements refined by the photoelectric observations are
the following:
d
Min 1. (HJD) = 2447308.5277 + 0.6176214 * E
+5 +46

CV Draconis was then classified as W UMa type close binary with
an amplitude of 0.4 magnitude in V and a period of 0.618 day .

THE PHOTOELECTRIC LIGHT CURVE

The amplitude of the light variation of CV Draconis is about .40 mag.
in both the colors and the depth of the two minima are nearly the same.
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It is interesting to note the presence of some photometric perturbations
among the data and distributed along the entire light curve in both the
colors.

The instrumental origin of the described perturbations seems to be highly
probable.

Additionally differences in the luminosity levels at the quadrature are
also present and this may be a real phenomenon common to the all W UMa
systems.

THE LIGHT CURVE SOLUTION

I have processed the available B an V photoelectric observations in
order to obtain the first orbital solution of this binary system and

to set up an adeauate physical model.

The solution of the light curve was obtained in time domain making

use of a light curve synthesis computer code written by the author
fitting the classical Roche Model on the observations by some Mixed
Multidimensional Optimization Tethniques.

Such procedure was fully described by A.Gaspani during the last GEOS
Symposium (SELVINO, 1991), and a brief description can be found in the
GEOS Note Circulaire containing the abstracts of the papers presented to
the symposium.

A detailed GEOS FT devoted to the theoret ical insights is in preparation
and will be published soon.

THE SOLUTION PROCEDURE

The solution of the light curve was carried out using direct fitting
of the classical Roche model on the data points separately in the B
and the V colors.

o) The solution code

The adopted computer code was the CBLCS (Close Binary Light Curve
Solution) written by A.Gaspani and operating both in the VAX/VMS
environment and in MSDOS on a IBM PC compatible computer.

Such code, written in standard FORTRAN77 language, is available on
request to all the interested GEOS members.

The program CBLCS optimizes iteratively a set of 3 parameters (i.e.
the mass-ratio "g", the fill-out parameter "f" and the orbital
inclination "i") fitting a synthetic flux curve, corresponding to a
given choice of the free parameters, on the data.

The vector of the free parameters was iteratively changed following
an optimal optimizing policy with the objective to minimize the RMS
between the observed data points and the synthetic light curve.

Such parameter is adopted as the Target Function.

Any trial light curve was computed by a relevant trivariate nonlinear
interpolation procedure among a data-base of "nodal" flux curves
computed in advance for a relevant set of combinations of the three
parameters q,£f,i by direct numerical integration using a procedure
similar to the procedure described in Rucinski (1973) and Lucy (1968).
The consistency of the numerical integration scheme as well as of
interpolation results was extensively checked using the - WUMA code
developed by Rucinsky an kindly provided me by T.Banks of the Carter
Astronomical Observatory at Wellington (New Zealand).

This method allows a great computational speed because of the
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substitution of the interpolation procedure to the integration one.
This makes the code executable also on personal computers with
reasonable speed.

The numerical integration procedure was executed once on an high
speed parallel computer in order to generate the relevant data-base
of the nodal lightcurves and the results were permanently stored

in the CBLCS code.
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o) The Optimization Procedure

The optimization procedure implemented in the CBLCS code is of the
Pattern Search type (like the classical Hooke-Jeeves algorithm) with
some stochastic step correction rules adopted in order to increase the
optimization efficency at expense of an additional cpu-time.

The use of the stochastic step perturbation is very useful in finding
solution corresponding to the narrow blips on the target function in the
multiparameter space.

The stochastic step correction is not implemented in the version running
on the IBM PC compatible because of the additional computational time
required.

Such (more modern) optimizing procedure performs better than classical
differential correction methods as in convergence speed as in robustness.

o) The computation and the results

All the computations were carried out on a personal computer equipped
with an AMD 80386 DX/DX2 microprocessor running at 40 MHz of clock
frequency.

In order to save computational time a number of 45 normal points in
the B color and 43 in the V color were formed, then the solution

was carried out for both the colors using these points.

The figures 2a and 2b show the normal points generated.

This has ensured a fast and stable bracketing of the global minimum

of the Target Function (RMS) in the multiparameter space (3 iterations
in B and 4 in V), and a successive improvement of it in few minutes

of cpu-time for each data set.

The total number of executed iterations were 56 for the V data points,
corresponding to 458 synthetic flux curves computed, and 42 iterations
for the B data corresponding to 346 synthetic flux curves computed.
The resulting model shows a W Uma type binary with nearly equal temperature
but some slight disagreement between the B and V mass ratios and fill-out
parameters are evident.

Despite this, the volume-radii of the two stars as well as the orbital
inclination are in reasonable agreement each other.

The differences found can be imputed to some correlation between the mass
ratio and the fill-out parameter occurred in the parameters space during
the optimization process, but also the distortions present on the light
curve could be responsible of the disagreement between the parameters

of the model in the two colors.

The table 1 reports the solutions carried out for the two colors.

The final synthetic light curves corresponding to the optimal sets of
model parameters are plotted among the data points in the figure 3a

(B color) and 3b (V color) (the data were folded around the phase 0.5).
The annexed tables report, in numeric form, the phases, the observed
luminosities (fluxes), the computed ones and the residuals of each

normal points.

It is interesting to note that the available observational material
permits to obtain a good solution also if there are some troubles
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on the goodness of the overall fit.
The problems on the goodness of the fit seems to be related to the
not high quality of the photometry that leaves some unexplained

distortions on the light curve in both ‘the colors.
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A presence of disturbances due to some physical reason on the star

could be possible.

o) The model

The obtained model shows a W UMa type binary with components with nearly
equal temperatures and an intermediate percent of overcontact (nearly 40%).
The resulted distorted configuration can involve some physical phenomena
occurring on the stars and explaining the difficult fit obtained by the
simple model adopted in this paper.
In spite of the discrepancies on some parameters we were able to set up a

valuable model of the system.

Table 1: Model for CV Draconis

iIss ratio q
.11-0ut parameter f
‘bital Inclination 1

tdius of the primary star rl:
ildius of the secondary star r2:

ractional Luminosity L1
ractional Luminosity L2

mperature Ratio T2/T1
.1l1-out percent :

.mb darkening ul=u2
ravity Brightening

inal RMS (Flux)

B color

.75 +/~- .02

.59 +/- .03
64.0 +/—- .4

.442 +/- .007
.392 +/- .006

.575
.425

.991
41.5

a\o

.60 (adopted)
.08 (adopted)

.015

V color
.63 +/- .01
.63 +/- .03

65.8 +/—- .3 (degrees)

.450 +/- .006
.371 +/- .005

.614
.385

.988
37.0 %

.60 (adopted)
.08 (adopted)

.012

THE CONCLUSIONS

The present solution is the first one obtained for the star under study.

At present the model seems to be well defined, but further observations
would define better some obscure points as the occurrence of the photometric
perturbations as well as the distortion of the light curve.

This star is a very interesting binary system needing accurate additional

photoelectric photometry.

Since the present solution is the first one and must be regarded as
preliminary, no astrophysical conclusions were drawn.

A. GASPANI
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