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Abstract. The UBV light curves obtained by Duerbeck (1975) and Hα
(wide) and Hα (narrow) light curves obtained by Chambliss & Davan (1987)
of the detached eclipsing binary VV Orionis (VV Ori) were analysed using
the Wilson-Devinney method fixing the two parameters Th (25,000 K) and
q(0.4172), resulting in the following absolute elements: A = 13.605 ±
0.031R, Rh = 5.03 ± 0.03R, , Rc = 2.43 ± 0.02R, Mbol,h = – 5.18 +
– 0.11,
Mbol,c = – 1.54 ± 0.06, mh = 10.81 +
– 0.42m  and mc = 4.51 ± 0.41m  . The
de-reddened colours obtained from applying the reddening corrections of
E(B-V ) = 0m.05 and E(U-B) = 0m.04, and the derived temperatures of the
components, gave spectral types of B1.5V for the primary and B4-5V with
an UV excess of 0m·3 for the secondary component. A comparison of the
log L and log Te of the components with the observed ZAMS shows the
primary component to be a little above and the secondary component to be
a little below/or on the ZAMS. A comparison of the properties of the
components of VV Ori and a few other detached systems with the normal
stars in the log L, log R and log Te versus log m planes, indicated a need for
either a readjustment of the scales of the above parameters or modifications
in the theoretical models. From the position of the components on the
evolutionary tracks of Pop I composition computed by Schaller et al. (1992) it
is noticed that while the primary component of VV Ori had slightly evolved
along the main-sequence, its secondary is still unevolved. The age of VV Ori
is found to be 10 ± 1 million years and it is at a distance of 368 ± 10 pc.
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1. Introduction
VV Orionis (HR 1868 = HD 36695, P = I d·4854) was first found to be a light variable by
Barr in 1903 (Barr 1905). It is an eclipsing binary of type Ε Β with both the components
belonging to the main sequence of spectral type B. There were many spectroscopic and
photometric investigations of this system. The spectroscopic studies of Struve
& Luyten (1949) showed this system to be single-lined and they suggested a mass ratio
of unity for the components. From their spectral studies, Beltrani & Galeotti (1970)
estimated the mass ratio to be about 0.5. Using high dispersion spectra, Duerbeck
(1975) could locate a few lines of the secondary component and was thus able to get an
improved mass ratio of 0.45. However, the detection of the secondary lines had been
questioned (Andersen 1976, Popper 1981) and the value of the mass-ratio remained
ambiguous.
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Figure 1a. VV Ori: Light curve in yellow. Filled circles represent observations (normals) and
the solid line represents the theoretical curve obtained from the elements obtained from the
combined V, B,Hα(n) solution (Table 2, col. 2).

Figure 1b. VV Ori: Same as in Fig. 1a, for blue.

Popper (1993) reported the detection of the lines of the secondary component of VV Ori.
His radial velocity curves of the two components yielded a mass-ratio of 0.4172. Even
though the variation of the center of mass velocity V o is poorly determined, Popper (1993)
suggests that "One can derive fundamental properties of VV Ori,making use of the results
in (his) Table 3, that should be improvements over previously published work". Hence we
felt it useful to re-analyse the published photometric data with the newly derived mass-ratio
of 0·4172 and obtain reliable photometric elements for VV Ori. The results of the
analysis of a few published light curves of this system is given below.
2. Earlier analysis of the light curves of VV Ori
Of all the published light curves of VV Ori, the UBV data of Duerbeck (1975) is the
most extensive. Duerbeck himself had analysed his data using the Russell-Merrill
method (1952). Eaton (1975) analysed a series of OAO-2 light curves of this system
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Figure 1c.
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VV Ori: Same as in Fig. 1a, for Hα. (n).

Figure 1d.
VV Ori: Same as in Fig. 1 a, for ultraviolet. Here, the theoretical curve is calculated
using the elements given in (Table 2, col. 3).
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Figure 1e . VV Ori: Same as in Fig. 1a for Hα(w). Here, the theoretical curve is calculated using
the elements given in (Table 2, col. 4).

which covered the wavelength range of 1300–4300Å , using a computational model
developed by Lucy (1968). Cester et al. (1978) analysed Duerbecks's data using Wood's
WINK method. Budding & Najim (1980) analysed Eaton's (1975) data with Kopal's
Frequency Domain method. Chambliss & Leung (1982) solved their own UBVuvby
light curves with the Wilson-Devinney method. Giuricin et al. (1983) and Chambliss
(1983) analysed the data of Chambliss & Leung (1982) with Wood's WINK pro–
gramme. Chambliss & Davan (1987) analysed their Hα (wide) and Hα (narrow) band
observations of this system using the WINK programme. All the above analyses,
wherever needed, used a mass–ratio of 0.45.
3. Present study
3.1 Data
Since an improved mass-ratio for VV Ori (Popper 1993) is now available and as WilsonDevinney (1971)synthetic right curve method(W-D) is regarded as the most reliable among
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VV Ori: Elements obtained from the solution of individual light curves using W-D

*Fixed parameters

all the available synthetic curve methods, we re-analysed the UBV light curves of
Duerbeck (1975) and Hα (w) and Hα (n) light curves of Chambliss & Davan (1987) with
this method using Popper’s mass-ratio of 0.4172. The data published by Duerbeck
(1975) contains 655U, 675B and 668V observations of VV Ori. As the memory of the
computer available with the department is limited, to save computer time, we formed
163 U, 167B and 171V normal points from these observations During the phases of the
primary eclipse, observations within a phase range of about 0.003 (1°) and at the
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Table 2. VV Ori: Elements obtained from the combined solution of B, V & Hα (n) light curves.

*Fixed parameters.

remaining portions of the light curve points within a phase range of 0.01 (4°) were
combined to form one normal point. By using the normal points instead of the actual
observations, the distortions in the light curve, if any, might have been obliterated, but
the final results will not be affected (Chambliss 1983). The Hα (w) and Hα (n) data of
Chambliss & Davan (1987) contain 692 Hα (w) and 686 Hα (n) observations. All these
observations were also formed into 209 Hα (w) and 213 Hα (n) normal points. For our
analysis these normal points were used and the number of points in each normal was
taken as its weight. These normal points are shown as filled circles in Fig. 1 (a–e).
3.2 Methodology
As already mentioned, the Wilson-Devinney (1971) method was used for solving the
|above light curves. For initiating the W-D method, one needs reliable preliminary
elements. For this purpose we used the values of the inclination, i, fractional radii, rh
and re and the luminosities, Lh and Lc for the UBV pass bands given by Duerbeck
(1975). The luminosities for Hα (w) and Hα (n) pass bands were taken from Chambliss
& Davan (1987). The values of temperatures Τe,h and Te,c and the mass-ratio are from
Popper (1993). The limb-darkening coefficients for UBV pass bands were from Gryger
(1972) and for Ha (w) and Hα (n) were from Chambliss & Davan (1987). These
preliminary elements are given in Table 1, col. 2.
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Table 3a. VV Ori: Elements obtained from the UBV data of Duerbeck (1975).

* Assumed parameter.
Table 3b. VV Ori: Elements obtained from the Hα(w) & Hα(n) data of Chambliss & Davan (1987).

* Assumed parameter.

According to the principles of the WD method we adjusted the following parameters: the inclination i, the surface potentials Ωh and Ωc, the relative monochromatic
luminosity L h , the temperature of the secondary T e,c and the third light l 3 . The
temperature of the primary component, Te,h (25,000 K) and the mass-ratio q(0·4172)

Μ. Β. Κ. Sarma & P. Vivekananda Rao

414

Table 3c. VV Ori: Elements obtained from the UBVubvy data of Chambliss
& Leung (1982).

*Assumed parameter.
Table 3d. VV Ori: Elements obtained from the OAO-2 data.

* Assumed parameters.

were treated as fixed parameters. It is expected that analysis of the light curves with
fixed Th and q at known values should yield most reliable elements. The limb darkening
coefficients xh and xc, the albedos Ah and Ac and the gravity darkening coefficients Gh
and Gc were also kept constant. From our earlier studies we noticed that the choice of
these coefficients had negligible effect on the derived elements. As it is now well
established that VV Ori is a detached system, we used code-2 of the WD method
meant for detached systems. A sufficient number of runs of the DC programme was
made till the sum of the residuals Σω (0-C)2 showed a minimum and the corrections to
the parameters became smaller than their probable errors. In order to check the
internal consistency of the results (Popper 1984) separate solutions for each of the
UBVHα (w) and H (n) light curves were made. These results are given in cols. 3, 4, 5,
6 and 7 of Table 1.In none of the solutions was the third light l3 present.
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From the results of the above analysis, it is noticed that the relative fractional sizes rh and
rc derived from the U solution, are slightly larger than those derived from B, V and Hα (n)
pass bands. Since only a small discrepancy exists between the rh and rc values derived from
the Hα (w) and Hα(n) pass bands, and that the rh and rc values of Hα(n) solution are almost
identical with those of Β and V solutions and in order not to combine many light curves
and complicate the analysis, it was decided to get a combined solution only for B, V and Hα.
(n) and as before, keeping Te,h and q as fixed parameters, another solution was made for the
combined B, V and Hα (n) light curves. These results are given in Table 2, col. 2. The third
light l3 is absent in this solution also. Using these elements, we have fitted the U and Hα (w)
light curves. In doing so we had kept all the parameters except Lh as fixed parameters. The
final parameters used for fitting the U and Hα (w) light curves are given in Table 2,
cols. 3 and 4. For calculating the absolute elements, we used the elements obtained from
the combined solution only. However for obtaining the (UB) colours of the components, we used the Lh,u and Lc,u values given in Table 2, col. 3.
The theoretical curves obtained from the elements given in Table 2 for the UBVHα (w)
and Hα (n) light curves are shown as solid lines in Fig. 1 (a–e). The fit of the theoretical
curves to the observed normals is quite satisfactory. In Table 3a we have given for
comparison the elements derived from the UBV data of Duerbeck (1975). Table 3b gives
the elements obtained by Chambliss & Davan (1987) from the analysis of their Hα (w) and
Hα (n) data. In Tables 3c and 3d we have compiled the elements obtained by various
investigators using the same data but different methods of solution. It can be noticed that
the values of the derived parameters depend only on the method of analysis and not on the
underlying data. In such analysis the most significant differences exist between the
parameter i and L. The high value of 90° obtained for i from the UBVubvy data using the
W-D method by Chambliss & Leung (1982) (Table 3c) may be attributed to their
combining many light curves which might have complicated the solution.

4. Spectral types
From the derived luminosities of V and Β pass bands for the combined solution (Table 2,
col. 2) and U pass band (Table 2, col. 3) and using the corresponding differential
magnitudes for unit luminosity at the quadrature [ΔV = –0m..885, ΔB = –0m..902,
ΔU = –1m..006] and the standard magnitudes and colours of V = 6m..24, (B-V) =
–0m..18 and (U-B) = –0m ..81 for the comparison, C1, (Duerbeck 1975) we obtained the
following magnitudes and colours for the individual components of VV Ori:

According to Eaton (1975) an interstellar reddening correction of E(B-V) = 0m..05 is
applicable to VV Ori. Assuming the law of interstellar reddening (Allen 1976) to be
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holding good, this reddening in E(B-V) corresponds to a reddening of E(U-B) = 0m.04
and AvAv= 0m.16. Correcting the above derived magnitudes and colours for the reddening, one gets

The above corrected (B- V)0 of the primary component corresponds to a spectral type of
either B2 V (Allen 1976) or B1 V (Popper 1980), giving it an average spectral type
B1.5 V. For such a star the (U-B))0 would be — 0.96 (Allen 1976; Schmidt-Kaler 1982)
which is the same as that obtained above. Hence both the derived (B-V))0 and (U-B))0
colours give a consistent spectral type of B1.5 V to the primary component. The
average temperature of a B1.5 V star would be 25,500 ± 800 K (Allen 1976; Popper
1980; Schmidt-Kaler 1982), which is the same as the fixed parameter, Te,h(25,000 K)
used for solving the light curves. This confirms that our analysis with fixed Th(25,000 K)
and q(0.4172) yielded results akin to the reddening free data.
The derived (B-V)o of — 0m.19 of the secondary component corresponds to a spectral
type of B4 V (Allen 1976), and its derived temperature of 15,580 K suggests a spectral
type of B5 V (Allen 1976, Popper 1980). Thus both the (B-V)0 colour and temperature
give a consistent spectral type of B4-5V to the secondary component. However, for
such a star, the (U-B)0 should be — 0m.60 (Allen 1976; Schmidt-Kaler 1982), but its
derived (U-B)0 = — 0m.86. Hence the secondary component appears to be a B4-5V star
with a UV excess of about 0m.3. In view of their small sizes and low luminosities (section
5) the possibility of the colours of these components corresponding to those of supergiants is not considered. According to Popper (1993) the properties of the components
of VV Ori correspond well with those of the main-sequence stars of types B1 and B5.
Eaton (1975) classified the primary as B0 V to B1.5 V while the secondary in the middle
B range and concludes that VV Ori seems to be a reasonably normal main-sequence
pair'. Chambliss (1983) suggested that VV OriA is a B1 V star. Duerbeck (1975) derived
a spectral type of B1 V for the primary and B5-9 V for the secondary components.
Hence our derived spectral types of the components (B1.5 V + B4-5 V) agree quite well
with those of other investigators except that the secondary appears to have a UV excess
of 0m.3. Since the standard magnitudes and colours of the comparison star used by
Chambliss & Davan (1987) are not available, we could not get the magnitudes and
colours of the components of VV Ori in Hα pass bands.
5. Absolute elements
Taking the amplitudes of the radial velocity curves as K11 = 136 ± 6 and K2 = 326 ±
7 km/sec from Popper (1993) and i i= 86.09° from the present study (Table 2, col. 2) one
gets the masses of the individual components of VV Ori as mh/m = 10.81 ± 0.42 and
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mc / m = 4.51 ± 0.41 and A/R= 13.605 ± 0.031. Combining these values with those of
rh, rc, Th and Tc, we obtained the following sizes, luminosities, bolometric and visual
magnitudes.

m
m
In calculating Mv, we used the bolometric correction of – 2 ..59 and – l ..44for the hot
and cool components respectively (Popper 1980). Applying the interstellar absorption
of Av =0m..16, the distance of VV Ori was found to be 368 ± 10 pc.

6. Component properties and comparison with other similar systems
From a plot of the positions of the two components on observed ZAMS in Fig. 2(Morton
& Adams 1968) it is noticed that the primary component lies slightly above and the
secondary component slightly below or on the ZAMS. Chambliss (1984) found the larger
component (primary) to be normal for a spectral type of B1 V and found it to be fairly close
to the ZAMS. Eaton (1975) concludes that VV Ori seems to be a reasonably normal
main-sequence pair and when plotted on the observational ZAMS the primary lies
a little above the main-sequence and the secondary lies slightly below.
In order to compare the above properties of VV Ori with other detached systems
having Β type components, we plotted in Fig. 2 the positions of a few systems as given in
tables 2 and 4 of Popper (1980). From this we notice that except a few primaries,
notably no. 14 (χ2 Hya), all the other components lie either on the ZAMS or very near to
it. A little adjustment in the scale of either the derived parameters or the observed
ZAMS in the log TTe range of 4.3 to 4.05 may make most of the systems to fall on the
ZAMS. For ready reference, the list of systems given by Popper (1980) and used in this
study are given in Table 4.
In Figs. 3,4 and 5 (solid lines) we have plotted the relations of log LL, log R and log TTe
with respect to log mass of the normal main-sequence stars (Allen 1976). In these
figures, in addition to the positions of the components of VV Ori, we have also plotted
the positions of other detached systems given in Table 4. From these plots one can see
that the primary component of VV Ori is overluminous, hotter and a little undersized
for its mass. In the case of the secondary component it is seen that while its luminosity is
consistent with its mass, its radius is smaller and the temperature is higher for its mass.
However from a comparison of the positions of the other detached systems in these
plots, it is apparent that in addition to getting more accurate elements, there is a need
for either refixing the scales of the observed log L, log R and log Te or modifying the
models and getting new theoretical relations. Unless this is done, one cannot come to
any conclusion regarding the properties of the components of VV Ori and compare
them with other detached systems.
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Figure 2. VV Ori: Plot of log L /L versus log Te. The solid line represents the observed ZAMS
(Morton & Adams 1968). The primary (P)and secondary(5) components of VV Ori are indicated
as ' + '. Components of other detached systems are shown as '×' (P) and '∆' (S). Numbers
represent the names of the systems given in Table 4. '8' represent both the primary and
secondary components of a system.
7. Evolution

With a view to study the evolutionary status of the components of VV Ori, we used the
evolutionary tracks computed by Schaller et al. (1992) for stars of Pop I composition.
These evolutionary tracks for stars of initial masses of 10.8 and 4.5 in solar units are

VV Ononis - Improved Elements
Table 4.

419

VV Ori: List of detached systems used in Fig. 2.

shown in Fig. 6, which is a plot of log L /L ⊙ versus Te . In the same diagram, the
isochrone for an age of 10 million years is also shown. This isochrone was obtained by
interpolation between the evolutionary tracks of Schaller et al. (1992) based on points
of corresponding evolutionary status. One can see from this figure that the primary has
evolved from its initial position along the 10.8m ⊙ track. The secondary component is
still unevolved and lies at the foot of the track of a 4.5m ⊙ star with a slightly lower
luminosity. Both the components satisfactorily fit the isochrone of 10 million years and
hence we conclude that the age of VV Ori is 10 ± 1 million years.
8. Discussion
The UV excess of about 0m.3 found for the secondary component may be explained
as due to hot gases surrounding this component, the source of which might be the gases
expelled by the primary during its present evolution. Comparing the observed fracional radii of 0.370 and 0.178 of the primary and secondary components with their
critical Roche lobes of 0.457 and 0.299 respectively, (for a mass-ratio of 0.42) (Plavec
& Kratochvil 1964), it is found that these components are filling 80% and 60% of their
respective Roche lobes. Even though any stellar activity like gas streams etc., are not
generally expected in detached systems, a slightly bigger fractional radius (of about
0.01) obtained for U pass band in our analysis suggests some form of gases or gaseous
streams in the system. From their studies of VV Ori light curves, Duerbeck (1975) and
Giuricin et al. (1983) had also arrived at similar conclusions.
Even though the geometrical and absolute elements of VV Ori are now well
established, a few peculiarities are still left unexplained. The influence of mutual
interactions on the evolution of the system should be carefully estimated.
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Figure 6. VV Ori: Evolutionary tracks of stars of initial masses 10.8 and 4.5 in solar units. These
tracks were computed by Schaller et al. (1992) for stars of Pop I composition. The isochrone for
10 × 106 yrs is also shown in the diagram, the positions of the primary (P) and secondary (S)
components of VV Ori are shown as '+'.

Acknowledgements
The authors are thankful to Professor K. D. Abhyankar for many helpful discussions.
M. B. K. S.gratefully acknowledges the financial support given to him by the Council of
Scientific and Industrial Research (CSIR), Government of India, New Delhi, under the
emeritus scientists scheme.
References
Allen, C. W. 1976, Astrophysical Quantities, 3rd edn., (London: The Athlone Press)
Andersen, J. 1976, Astr. Astrophys., 47,467.
Barr, J. Μ. 1905, Selected papers, Proc. R. Astron. Soc. Canada, 1904, 42.
Beltrani, G.,Galeotti, P.1970, Mem. Soc. Astron. Ital., 41,167.
Budding, E., Najim, N. N. 1980, Astrophys. Space Sci., 72, 369.
Cester, B.,Fedel, B.,Giuricin, G., Mardirossian, F., Mezzetti, M.1978, Astr. Astrophys. Suppl., 33,
91.
Chambliss, C. R., Leung, K. C. 1982, Astrophys. J. Suppl., 49, 531.

424

Μ. Β. Κ. Sarma & P. Vivekananda Rao

Chambliss, C. R. 1983, Astrophys. Space Sci., 89, 15.
Chambliss, C. R. 1984, Astrophys. Space Sci., 99, 163.
Chambliss, C. R., Davan, B. M. 1987, Astr. J., 93,950.
Duerbeck, H. W. 1975, Astr. Astrophys. Suppl., 22,19.
Eaton, J. A. 1975, Astrophys. J., 197, 379.
Giuricin, G., Mardirossian, F., Mezzetti, M., Chambliss, C. R. 1983, Astr. Astrophys. Suppl., 51,
111.
Gryger, J. 1972, Bull. astr. Inst. Csl., 23, 157.
Lucy, L. B. 1968, Astrophys. J., 153, 877.
Morton, D. C, Adams, T. F. 1968, Astrophys. J., 151, 611.
Plavec, M., Kratochvil, P. 1964, Bull. astr. Inst. Csl., 15,165.
Popper, D. M. 1980, A. Rev. Astr. Astrophys., 18, 115.
Popper, D. M. 1981, Astrophys. J. Suppl., 47, 339.
Popper, D. M. 1984, Astr. J., 89,132.
Popper, D. M. 1993, Publ. Astr. Soc. Pacific, 105, 721.
Russell, H. N., Merrill, J. Ε. 1952, Contr. Princeton Univ. Obs., No. 26.
Schaller, G., Schearer, D., Meynet, G., Maeder, A. 1992, Astr. Astrophys. Suppl., 96 ,269.
SchmidtKaler, Th. 1982, in Landolt/'Bornstein, Numerical data and functional relationship in
Science and Technology, Eds. K. Scaifers & H. H. Voigt, (Berlin: SpringerVerlag), New Series,
Group VI, Volume 2(b), p. 453.
Struve, O., Luyten, W. J. 1949, Astrophys. J., 110,160.
Wilson, R. E., Devinney, E. J. 1971, Astrophys. J., 166, 605.

