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Abstract.

As distinct from the authors of numerous solutions of the CQ Cep light curve, who

consider it to be caused mainly by the effects of ellipsoidality and eclipse of the components, we
persist in considering the light curves of this very close system (A = 20 R@) to be compound. We
believe that about half of the amplitude of most of the CQ Cep light curves is due to the light
variations of the extremely density-inhomogeneous common envelope of the system, and only the
remaining half is associated with the effects of ellipsoidality and eclipse of the components. As a
result of the light curve correction for the orbit eccentricity and introduction into consideration
of the light of the third component (the light of the common envelope), a more accurate solution
has been obtained for the July—August 1937 CQ Cep light curve which has the least amplitude
and, probably, is less distorted by the envelope inhomogeneities. The analysis of this solution
allowed us to understand the nature of the high-amplitude light curves of the system, present a,
model of CQ Cep, and specify spectral classification of the companion.
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A purposeful photometric study of CQ Cep was
started in the middle of the century after Gaposchkin
(1942) found the star light variability, and in 1944 he
discovered it to be an eclipsing binary (Gaposchkin,
1944). For the next four decades a great number
of light curves of CQ Cep were obtained by dif-
ferent authors using mainly the photoelectric meth-
ods of observation (Hiltner, 1950; Svechnikov, 1954;
Chugainov, 1960; Ishchenko, 1963; Kartasheva, 1966;
Guseinzade, 1967; Khaliullin, Cherepashchuk, 1970;
Kartasheva, 1972; Khaliullin, 1972; Kartasheva, 1976;
Kurochkin, 1979; Antokhina et al., 1982; Stickland et
al., 1984; Shylaja, 1986; Kartasheva, 1987; Harvig,
1987; Stickland et al., 1988).

It is the photoelectric light, curves, being the most
accurate, that the attention of the researchers has
so far been mainly paid to. However, in our opinion
only the whole aggregate of data on the behaviour
of the CQ Cep light, including “accidental” photo-
graphic observations of the first half of the century,
allows one to see the true scale of the star’s photomet-
ric variability, understand the nature of its low and
high amplitude light curves and thus find the key to
solution of these curves.

There are two series of long-term CQ Cep
light photographic observations carried out at the
Harvard Observatory (=~ 1800 light estimates ob-

=

tained from 1901 to 1942) (Gaposchkin, 194
and at the Sternberg Astronomical Institute (SAFg
(> 500 light estimates obtained from 1899 s
1962) (Kurochkin, 1979). Unfortunately, neith |
Gaposchkin nor Kurochkin, who had measus
the plates, published individual light estimateli
Gaposchkin (1944) presented the data on the mel o
photographic light curve for forty years of obsery
tions (Fig.1a), and only a few data on 15 independ
light curves which were used for plotting the avera
Concerning the measurements of plates of the SA
stills library, Kurochkin provides in his paper onlysin
light curves of the system, obtained at observatid
in the first half of the century. However, we havef|
tables of his CQ Cep light estimates he generou§tu
made available. by |
et a
The basic result of Kurochkin’s study, in our opi‘:-iaH
lon, is that he has found the light curve amplititicu
of the system considerably variable. This shows/dm
most vividly when comparing the light curves of Jjunds
August 1937 (series mT, 146 light estimates) A,.ﬁ"el
August-September 1938 (series mT, 66 estimzingt
(Figs.1c,d). Figs.1b,e display another two light cut A
of CQ Cep plotted from the other series of platsCep
the SADs stills library: 1b — the light curve of 15other
1908 (series S, 31 light estimates); le — the mates
light curve for 1899-1942 (series S and T, about curve
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Figure 1: The photographic light curves of CQ Cep
obtained from the observations of the first half of the
century (left): a) Harvard observations from 1899 to
1942 (Gaposchkin, 1944); b) — e¢) — SAI observa-
tions (Kurochkin, 1979): b) observations from 1899
to 1908; c) observations of July-August 1937 d)
observations of August-September 1938; ¢) observa-
tions from 1899 to 1942. The photoelectric B light
curves of CQ Cep obtained in the second half of the
century (right): f) observations from 1958 to 1959
(Chugainov, 1960); g) observations from 1964 to 1965
(Guseinzade, 1967); h) observations of February-
May 1969 (Kartasheva, 1972); 1) summer observa-
tions of 1980 (Antokhina et al., 1982); j) observations
of February-September of 1982 (Harvig, 1987)

light estimates). The latter combines the observations
obtained at the SAI at about the time of the Harvard
observations. Although the accuracy of this curve is
much worse (because of the small number of measure-
ments) than that of the average light curve plotted by
Gaposchkin, the depths of the same name minima are
similar.

The reality of episodic diminution in the ampli-
tude of the system light curves was confirmed later
by the photoelectric observations of 1980 (Antokhina
et al., 1982) that provided UBVR curves with essen-
tially lower amplitudes of the light variations. (In plar-
ticular, the depths of the minima for the B curve were
AMpmint & AMpminrr = 033). This can be well seen
under examination of the right part of Fig.1, where
five photoelectric B light curves are presented, includ-
ing the curve obtained by Antokhina et al. (Fig.11).

Aside from the “amplitude instability” of the CQ
Cep light curve from one observational season to an-
other, the instability from cycle to cycle, which cre-
ates a rather high scattering of points in the light
curves, is also characteristic of the system. This kind

of instability noted in the observations of Hiltner
(1950), Chugainov (1960), Kartasheva (1972), and
Stickland et al. (1984) was especially pronounced
in the observations of Guseinzade (1967) and our
narrow—band observations in 1975 (Kartasheva, 1976;
1987), when the light variations from cycle to cycle
exceeded 0™1. )

Finally, short—time light flashes (At ~ 2") were
observed in two series of observations. They had an
amplitude of (™15 — 0™20 in the photographic and
visual regions and about 035 in the near ultraviolet.
Their more detailed description is given in the papers
by Kartasheva (1972) and Kurochkin (1979).

The CQ Cep light curve instabilities mentioned
above were accompanied by changes in its shape.
We speak about the variable degree of asymmetry
of the two minima (both from season to season and
from cycle to cycle), shifts of the secondary minimum
and the two maxima from their normal positions in
phase, inequalities of the light of the maxima occur-
ring from time to time, and, at last, local absorptions
on some CQ Cep light curves at the secondary mini-
mum phases.

It is interesting that there exists a direct correla-
tion between the light curve amplitude and the degree
of asymmetry of its minima: the larger the amplitude,

~the greater the degree of asymmetry.

The possibility of direct superimposing of the light
curves of July-August 1937 and August-September
1938 (the observations refer to one and the same se-
ries) allowed Kurochkin to find one more interesting
feature: the curves differ in the height of the maxima,
while their minima are nearly coincident.

And finally, close examination of the lowest—
amplitude light curve of July—August 1937 showed
that a rather flat maximum I (0%25) normally located
in phase is combined with gas flux absorption strictly
localized in phase (0?53 —0792).

What caused the instability of the CQ Cep light
curve?

The orbital eccentricity and the motion of the ap-
sis line detected when inspecting the (O-C) diagram
lead to periodical deviations of the secondary mini-
mum’s centre from phase 05 and create small asym-
metry of the light curves in the minima. However, this
effect can not account for the considerable instability
observed in the light curve of the system. The princi-
pal reason for the instability is likely to be associated
with the fact that the WR envelope in this very close
pair (the distance between the centres of the stars
is 20R () is also the common envelope of the system
and, therefore, very inhomogeneous in density.

Probably, as a result of stellar wind collisions, a
hot gas condensation is formed between the com-
ponents, which produces essential additional radia-
tion in the visible region of the continuum. It is
in this state that the system shows asymmetric,
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high-amplitude light curves which are obviously com-
pound. About half of the amplitude of the light curve
1s due to the light variations of this gas condensation
undergoing eclipse, while only half of the amplitude is
assoclated with the effects of ellipsoidality and eclipse
of the components.

The appearance of the low—amplitude light curves

of the system (Am < 0™4), suggesting that the source
of additional radiation in the continuum weakened or
completely disappeared, is, evidently, caused either
by the reduced activity of the pair’s components or by
the temporary simplification of the envelope structure
as a result of gas ejection from the system. The latter
1s confirmed by both photometric (Kartasheva, 1972;
Kurochkin, 1979) and spectroscopic (Hiltner, 1944)
investigations. The analysis of the (O-C) diagram
of CQ Cep also points to the considerable gas ejec-
tion from the system (Kartasheva and Svechnikov,
1991). Such is the supposed model of the processes
developing in the system. On the basis of this model
we regard all high-amplitude light curves of CQ Cep
(Amn > 0™4) as the most distorted and unfit for the
photometric solution.

The low amplitude of the CQ Cep light curves in
the infrared region of the continuum (J and K curves,
Stickland et al., 1984), where the radiation from the
hot gas condensation must be small or absent, is also
consistent with this mode]. Indeed, the UBV curves in
the observations of Stickland et al. (1984) show high—
amplitude light variations (Am > 04), according
to Table 6 and Fig.15 of the paper cited, while the
amplitude of the J curve (Aess = 124004, AMping &
Ampin = 0™33) has a certain mean value, and the K
curve (Aesr = 222004, Ampy = 07245, Ampinn =
0™23) is closer in amplitude to the photographic light
curve of the system of July-August 1937. To our re-
gret Stickland and his colleagues did not publish the
Table of CQ Cep light estimations made in Septem-
ber 1981 in the infrared region of the continuum.

At the present time there is a series of solu-
tions of the CQ Cep light curve (Gaposchkin, 1944;
Kartasheva, 1974; Kartasheva and Svechnikov, 1974;
Lipunova and Cherepashchuk 1982: Long et al., 1983;
Stickland et al., 1984; Kartasheva and Svechnikov,
1988; Antokhina and Cherepashchuk, 1988; Harvig,
1989), including solutions accomplished by the most
up-to-date methods, which take into account the ex-
tended WR-atmosphere.

If we disregard the solution of Gaposchkin, which
is of purely historical interest, as well as our two solu-
tions, the remaining ones unite two features: first, all
of therm are obtained for high-amplitude and asym-
metric photoelectric curves (or a somewhat mean
curve, which hardly alters the situation); and second.
they are united by the common approach of the re-
searchers to the interpretation of the light curves. It is

considered that high-amplitude CQ Cep light curv
are mainly determined by the effects of ellipsoidali
and eclipse of the components, the envelope’s conft
bution to the radiation in the visible region of th
continuum is small, and all distortions of the ligh
curves are assoclated only with the local effects
gas fluxes.

We do not discuss the details of these solutiol
since we have a radically different view on the natu
of the high~amplitude light curves of the system. i
note only that the dispersion of the results of the
solutions is high, and despite the numerous attempts
no confident, universally recognized, CQ Cep ligh
curve solution has so far been obtained.

Our CQ Cep light curve solution accomplished ]
1972 (Kartasheva, 1974; Kartasheva and Svechnik
1974) on the basis of the correct idea about the con
pound character of all the light curves of the s
tem known at that time was methodically 1mperfed
The light curve was broken down into “stellar” al
“envelope” using a high coefficient of ellipsoidalitye
the components, following from the assumption th
the system is contact. The graphical determinationt
the ellipsoidality coefficient, that became possibled
ter the CQ Cep light curve of July-August 1937 w
published by Kurochkin in 1979, showed that it w
overestimated by about a factor of 2. It turned o
impossible to repeat the process of decompositiont
the high-amplitude light curves of the system wil
this refined coefficient, since the bend points on tM
curves rectified with an essentially lower ellipsoidalif
coefficient were not defined clearly. £

On the basis of the analysis of the (0-C) diagraﬁ ‘
of CQ Cep and the results of the paper by Kurechi:
(1979) we suggested that the lowest—amplitude pif !
tographic light curve of the system of July-Auge
1937 is the least distorted by radiation of the circy
slellar gas.

the circumstellar gas. Each of the minima was w1
sidered separately. For the first time it was assul
that not only the WR component but also the O ca
ponent has a complex structure.

At first glance the calculations made gave a I8
sonable solution. Complying with the requiremen
the O star filling its inner Roche lobe (IRL), it show
a good agreement of the estimates of the orbit inf
nation, following from the separate solutions o

minima, and a good theoretical representation ofl

observed light curve. However, under close conside
tion we were not satisfied with the solution obtaii
[t seemed unnatural that the nucleus of the WR s Pl
had filled a rather small area of the IRL, and i as
the O star’s luminous photosphere had considerd ;
overfilled its outer critical surface. The most il g
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tant shortcoming of the solution was the low light
ratio of the system’s components (Lwg/Lo = 0.49),
which suggested that the companion is 0™8 brighter
than the WR component. This in no way coordinated
with the poor visibility and even the lack of compan-
lon’s absorptions in the spectra of the system. We
attributed these discrepancies to the two simplifica-
tions made in the solution of 1986: 1) the orbit of the
system was considered circular (e = 0); 2) the light of
the WR envelope, which at the same time is the com-
mon envelope of the system, was assumed negligibly
small (L = 0).

In the more accurate solution of the CQ Cep light
curve of July—August 1937, presented in this paper,
we attempted: 1) the small orbit eccentricity com-
bined with the apsis line motion (Kartasheva and
Svechnikov, 1989); 2) to consider the possibility of
an appreciable contribution of the envelope to the
radiation of the system in the visible region of the
continuum.

The phases of the light curve (6) were computed
first by the linear formula:

Tmint = 24287479474 + 1964126224 F,

which we deduced employing the results of our pa-
per (Kartasheva and Svechnikov, 1991) and which as-
sumed uniform motion of the star on the orbit.

Further, utilizing the fact that with the small ec-
centricity value the moments of minima in the ellip-
tical orbit are almost coincident with the moments of
conjunction (v ~ 0° at the moment of the main min-
imum and v ~ 180° at the moment of the secondary
minimum), we found a simple relation between the
angular phase (f) and the true longitude in the ellip-
tical orbit (v):

0 =v—2ecos(v—w)+ h(1+ csc?i)

(Zverev et al., 1947). For the CQ Cep’s orbit, which
shows alongside with the eccentricity the apsis line
motion (¢ = 0.02,w = 0°03 for the period, U = 54
vears) (Kartasheva and Svechnikov, 1989), the for-
mula of connection for the middle of 1937 is as fol-
lows:

0 =v—0.04cos(v—177°5) — 0.044.

With the help of the last formula we made the
transition from the uniform motion to the true non-
uniform motion in the elliptical orbit (§ — v), which,
having restored the consistency between the light and
the angular phase, put the secondary maximum in its

place and eliminated the asymmetries of the minima
assoclated with the orbit ellipticity.

All the data on the July-August 1937 average
light curve of the systern are listed in Table 1.

We made a series of assumptions concerning the
light of the third component (Ls, the light of the com-
mon envelope that does not take part in eclipse). It
was set equal to 0.0, 0.1, 0.2, 0.3, 0.35, 0.4 at

LWRphotosph + LO + L3 =1.

In order to reduce the curve, burdened with the light
of the third component, to the form appropriate for
solution, we subtracted from all the light values L3,
and then by multiplying the obtained differences by
the coefficient (1 4+ Ls/(Lwrphotospr + Lo) reduced
all the light values to a new maximum value

lmaz = [1 + m] . (LWRphotosph 50 LO) =

- / [
- LWRphotosph + Lo =1

For each value of Lz (after the above light curve
transformation) the rectification coefficients were de-
fined graphically from the shape of its first maximum.
For the sake of simplicity, because the photographic
curve was being solved, the “U”-hypothesis was con-
sidered: uniform distribution of brightness over the
discs of the stars was assumed.

The light curve was only corrected for the effect
of ellipsoidality of the components. The reflection ef-
fect was disregarded since it was small in very close
systems whose components differed slightly in lumi-
nosity.

The allowance for the gravitation effect at z = 0
(“U”-hypothesis) and y = 1 (hot stars) gave N = 2
and led to the following relation between the photo-
metric ellipsoidality coefficient (zphm), the geometric
ellipsoidality coefficient (zgeom) and the eccentricity
of the meridian cross—section () : zgeom = L/ 280 =
£?sin? i, used in the subsequent solution.

The solution itself of the corrected light curve was
performed by the the Merrill-Russel method for the
circular orbit (because e is small) in the scheme of
two similar ellipsoids. Each of the minima was con-
sidered separately. As in the tentative solution of
1986, both components were assumed to have a com-
plex structure. In consequence of this fact the stars
were consldered to have different sizes, being eclipsing
and eclipsed objects. Each of the minima in this case
would give its pair of photometric elements (kj, ay,
and k2, g2) which would acquire definite sense and
be connected by a definite relation of depths under
different assumptions of types of eclipses.

Since the O companion is sure to fill its IRL, while
the dark nucleus of the WR star is small, then in the
secondary minimum (WR star is in front) the ouly
type of eclipse is real, S — L (a small star eclipses
a large star), and the meaning of ks 1s unambiguous
(k’z = awr da1'lc/a01ight)~

In the main minimum (O star is in front) both
types of eclipse are possible. In the case of eclipse of
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Table 1:
No. m V4 Phase 6° v°
(Mmaz = 9746) (in portions of P)

1 9™66 0.833 0r.991 356.76  356.86
2 9.64 0.849 0.035 12.60 12.80
3 961 0.871 0.060 21.60 21.93
4 957  0.908 0.103 37.08 37.64
5 9.53 0.938 0.137 49.32 00.34
6 948 0.986 0.184 66.24 67.88
7 9.47 0.991 0.256 92.16 94.86
8 9.46 0.998 0.296 106.53 109.86
9 948 0.986 0.319 114.84 118.42
10 9.49 0.973 0.352 126.72  130.69
11  9.52 0.949 0.374 134.64 138.83
12 9.59 0.891 0.446 160.56 165.24
13 9.60 0.876 0.481 173.16  177.85
14  9.60 0.876 0.516 185.76  190.19
15 9.60 0.879 0.555 199.80 . 204.24
16  9.57 0.901 0.653 235.08 240.59
17 9.50 0.961 0.692 249.12 252.14
18 9.48 0.980 0.712 256.32  259.06
19  9.48 0.986 0.742 267.12  269.46
20 9.47 0.991 0.781 281.16 282.94
21  9.56 0.916 0.851 306.36  307.30
22 9.58 0.894 0.916 329.76  330.13
23 9.63 0.855 0.951 342.36 342.56
24 9.64 0.846 0.972 349.92  350.06

type L — S k; = aWRtht/ao dark and the depth of
the minima will be related as follows:

T—X 1-X

2
o1 kgu’oz

=1.

If in the main minimum eclipse of type S — L oceurs,

then &k = ap dark/@w R 1ighy and
T—A1 12X, !
k’%(lol kﬁanz -

As a rule, (1 — Ay) and (1 — Ay) are the depths of
the main and secondary minima, ag; and wgy are
the maximum photometric phases of the eclipses for
the main and secondary minima, and ki and k4 are
the ratio of the major semi-axes of the components
for the main and secondary minima. Following Kron
and Gordon (1950), agark, bgars imply the sizes of ef-
fectively non—transparent discs (nuclei) of the stars,
where 7 > 1; @light, biight, the sizes of dense parts of
the electron scattering photospheres emitting in the
continuum.

The light curve solution was started with an
independent consideration of the main minimumn
which was better represented by observations. A
more general case was considered, the one of par-

tial eclipse. A series of pairs ki g was deter-

mined from the light curve shape and a suil
able series of possible solutions was found: co
ponent sizes (a0 dark, b0 dark; AW R 1ight, bW R 1ight), 08
bit inclination (i1) and light of the WR componeig
(L/VVRphatosph) at different assumptions as to i
eclipse type. The proper solution was chosen by pish
ceeding from the requirernent of filling with the (n
star nucleus its IRL. At the same time the type dje
eclipse was chosen automatically, and the values ofigp
and L/WRphotmph were fixed. Besides this, the soligy
tion had to give a good theoretical representation dg
the light curve in the main minimum.

The secondary minimum, which was worse reqn
resented by observations, was considered separatelijg
but the solution was already dependent on that g}
the main minimum. Here the choice of solution vijg
made proceeding from the following requirements; &

e the value of the O component light (L)) mu
be close to (1 — L’WRP,MMP,L);

' the orbit inclination estimate (iy) must if
close to the estimate obtained from the solution
the main minimum (i;); (

e the solution must ensure good theoretical rg{@
resentation of the secondary rinimun. '

The whole aggregate of solutions for the main e
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Table 2:
L3 0.0 0.1 0.2 0.3 0.35 0.4 0.27
Zphot 0.16 0.17 0.20 0.22 0.23 0.25 0.22
Main minimum (partial eclipse of S — L type)
k1, ao1 0.720.53 0.750.48 0.750.47 0.750.45 0.750.45 0.770.42 | 0.750.46
AW Rlight 0.572 0.563 0.564 0.566 0.565 0.559 0.561
(bw R1ight (0.542) (0.530) (0.525) (0.522) (0.519) (0.509) (0.520)
a0 dark 0.412 0.422 0.423 0.424 0.424 0.431 0.424
(b0 dark) (0.390) (0.397) (0.393) (0.391) (0.389) (0.392) (0.391)
(IRLo-s = 0.391)
%1 61.2 60.3 59.9 99.1 99.3 58.6 99.1
8 B ohotosoh 0.33 0.39 0.44 0.54 0.61 0.67 0.51
Lw R photosph (0.35) (0.35) (0.38) (0.40) (0.40) (0.375)
Secondary minimum (partial eclipse of S — L type)
kg, oo 0.280.84 0.340.75 0.380.68 0.540.51 0.620.52 0.750.45 | 0.48 0.59
A0 light 0.641 0.625 0.616 0.565 0.544 0.510 0.584
(botight) (0.605)  (0.589)  (0.573)  (0.522)  (0.503)  (0.468) | (0.541)
AW R dark 0.179 0.213 0.234 0.305 0.337 0.383 0.283
(bwR dark) (0.169)  (0.200)  (0.218)  (0.282)  (0.311)  (0.356) | (0.262)
IRLwpg—st = 0.357
%y 99.3 99.6 99.5 99.9 62.1 62.7 59.8
5 0.67 0.61 0.56 0.46 0.39 0.33 0.49
(Lo) (0.55)  (0.45)  (0.32)  (0.25)  (0.20) | (0.355)
Lwr/Lo 0.49 0.82 1.22 2.13 3.00 4.00 1.81
W Rphotosph/Jo | 0.62 0.79 0.94 1.17 1.45 1.69 1.08
i’ mean 99.8 60.0 99.7 99.5 60.7 60.7 59.5
AP =iy — 1y -1.4 -0.3 -0.4 +0.8 +2.8 +4.1 +0.7

secondary minima of the system light curve of July—
August 1937 under different assumptions concerning
the light of the common envelope (L3) is presented
in Table 2. Here are listed the values of photomet-
ric ellipsoidality coefficients of the stars (2phot). Next
are given (for each of the minima): ratio of major
semi-axes of the components (k) and maximum pho-
tometric phase of eclipse (), sizes of both semi-axes
of the components (a,b), orbit inclination values (7),
and light of the eclipsed star (L' and L). The last
lines of Table 2 present the ratio of the total light of
the WR component (Lw g photosph + L3) to the O star
light, the surface brightness ratio of the components

']WR[Jhuiosph _
Jo

L/VVR[)}z,otosph aé light >
Ly ajy g light 7

9

and the difference of orbit inclination values followzing

the mean value of the orbit inclination, t;peqn =

froni the solutions of the main and secondary minima
(A1 =iy —1y).

Part of the results are displayed in Fig.2. Fig.2a
presents the variation of component sizes (their mi-

nor semi-axes “b”) versus Ly. The straight lines in-

dicate the sizes of the inner and outer Roche lobes
of the components (y—coordinates). The mass ratio
needed to enter the Tables of Roche models (Plavec
and Kratochvil, 1964) was taken from the paper by
Kartasheva and Snezhko (1985b). The variation of
the difference A7 = iy — 4; with L3 and the varia-
tion of the light ratio of the components Lwr/Lo =
(Lw R photosph +Ls)/ Lo with L3 are shown in the Fig.
2b and Fig.2c, respectively. When examining Fig.2b,
one would formally prefer the solution with Ly = 0.2,
when the difference in orbit inclinations, obtained
from the solution of the main and secondary minima.
reaches minimum (A¢ = 0°). However, taking into ac-
count the error of defining ¢ (67 = £1°5), this choice
seems to us ungrounded. We found the choice of Ly
and the light curve solution corresponding to it from
the dependence of the light ratio of the components
on L3 more reliable. The knowledge of the light ra-
tio of the components required for this induced us to
carry out a spectrophotometric investigation of lines
in the system’s spectra taken in 1981 and 1987 at the
phases close to the first maximumof light. The results
of the investigation (Kartasheva, 1996) allowed us to
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Figure 2: The size variation of the components (their
minor semi-azes) with Ly. The straight lines indi-
cate the sizes of the inner and outer critical Roche
lobes along the y—coordinate (a). The variation of the
difference Ai = iy — iy with L3 (b), the variation
of the light ratio of the components Lwr/Lo with
Ly, (Lwr = LwR photosph + LwR env) (c).
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Figure 3: The observed light curve of CQ Cep‘j
July-August 1937 (large circles indicate the 1
points against the background of individual light
timates) (a). The same light curve in the coording
loye—0. The solid line shows the theoretical light cut

following from the obtained photometric solution
Ly =0.27 (b).
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conclude that the WR star light was about two ti
that of the companion (Lwr/Lo = 1.81) whid®
likely to belong to faint giants. This result and Fi
helped us to find a correct value of the WR envel
light, L3 = 0.27. The solution of the 1937 light cu
corresponding to this value is presented in the |
column of Table 2.

The discrepancy of the orbit inclination v
that follow from the final solution of the main
secondary minima is +0°7, which lies within the
rors of 7 determination. It can be seen from Fig
that with an error of determining the relative a
ponent sizes of +£0.005 the WR. component’s nud
does not essentially fill its IRL, and the size oy
electron scattering photosphere considerably exaq
the size of its outer critical Roche surface. On
contrary, the O star’s photosphere fairly well fits
outer critical Roche surface.

The theoretical representation of the CQ Cep [
curve of July-August 1937 is given in Fig.3b. Ay
from the light curve region suffering strong distor
by the gas flux (phases 0253 —0%92) one more ana
seems to have been revealed: weaker absorptial
phases 008 — 0219, which is likely to arise whenl

Fig.4 depicts the system model constructed
the results of the specified CQ Cep light curve frof
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P
0.25

Figure 4: The CQ Cep model following from the re-
fined light curve solution of July-August 1937 and
from the analysis of its distortion by the envelope in-
homogeneities. The dashed lines present the size of
the inner and outer critical Roche lobes (short dashes)
and the approzimate real size of the WR envelope
(R = 32Rp), at which the O companion turns out
completely immersed in it (long dashes).

lution of July-August 1937 and the analysis of its
distortion by the gas flux. To be more descriptive,
the realistic size of the WR envelope (R = 32R), at
which the O component is completely submerged in
it, 1s shown in Fig.4 with long dashes.

The results of the papers by Morgan et al. (1953),
Munch (1957), Roberts (1958), and Stickland et al.
(1984) prove that CQ Cep belongs to the association
Cep OB1. This allows one to evaluate the absolute
visual magnitude of the system (M, = —6T3 4+ 0™4),
(Stickland et al., 1984).

The light ratio of the system’s components
obtained from spectrophotometric investigation of
lines in the spectra of CQ Cep (Kartasheva, 1996)
(LWRphotosph + Lwr mv)/Lo = 1.81 leads to a dif-
ference in magnitudes of the components Amppo =
(065 and, taking into account the differences in
colour indices of the stars, to Amy;s = 0M71. This, in
turn, provides the following estimates for the absolute
visual magnitudes of the components:

Mywgr = —5™M84
and
Myo = —5m14.

The last estimate is consistent with our spectral clas-
sification of the companion (Sp O9 - BO) obtained
from the spectrophotometry of lines (Kartasheva and

Snezhko, 1985a,b) and, according to the refined cali-
bration (Sp— My ) of Straizys and Kuriliene (1981), it
corresponds to the spectral class O8.5IV or 09.511L
We have chosen the latter because the mass of the
CQ Cep companion (22.05M ) is closer to the mass
of stars of the spectral class 09.51I1 than 08.5IV.
(According to the relation Sp — M of Straizys
and Kuriliene (1981) for 09.5II1 M = 28 M), for
08.5IV. M = 32M)). That the companion belongs
to faint giants is confirmed by the results of Karta-
sheva (1996), which has already been mentioned.

By employing the quantity BC = —3705 as the
bolometric correction for a 09.5I1I star (Straizys and
Kuriliene, 1981), we defined the bolometric luminos-
ity of the O component and then, knowing the size
of the O star, we found its effective temperature
(Teps = 32700K). According to the refined calibra-
tion Sp — Teps of the same authors this tempera-
ture corresponds to a 09.5V-III star and confirms the
above classification of the companion.

Since the bolometric corrections for WR stars
show great dispersion, we found the bolometric lu-
minosity of the WR component from the mass—
luminosity relation deduced for WR stars in the paper
by Maeder and Meynet (1987) using our My gsin?i
estimate (Kartasheva and Snezhko, 1985b) and the
value of the system orbit inclination obtained in the
present paper.

The knowledge of the bolometric luminosity al-
lowed us to determine the absolute bolometric magni-
tude and the bolometric correction for the WN7 com-
ponent of CQ Cep (BCwg = —3769), which turned
out close to the mean BC for WR stars (BCwg) =
412 4 1M2, van der Hucht et al., 1988).

The fact that the WR star’s envelope gives an
essential contribution to the system’s light in the vis-
ible region of the continuum (Lz = 0.27) complicated
the uncertain effective temperature determination of
the WR star. It is only in an indirect way, through
the ratio of surface brightnesses of the stars using the
formula

L' 2 —A——k% 1
JW Rphotosph _ LWRphotosph G0light €70 —
= / 2 - co 1
Jo Lo ay riighs eXTwr — 1

following from the assumption that the stars emit
as absolutely black bodies that we could determine
the effective temperature of the WR star at the level
of denser layers of the extended photosphere, which
emit in the continuous spectrum and are perceptibly
eclipsed.

All the main physical characteristics obtained for
the system on the whole as well as for the compo-
nents are collected in Table 3. The location of the
CQ Cep components on the Hertzsprung-Russel dia-
gram is shown in Fig.5. The WNT component of the
system falls within the region occupied by late WN

i
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Table 3:
WN7 09.5 111

i° 7595 59.5

A(Rg) 20.08 20.08
aiight(Re) 11.3 11.7
adark(R@) 5.7 8.5

M(Mg) 18.3 22.05
(logM/M@) (1.26) (1.34)

v -H™m84 -5™14
My, -953 -8719
BC -3™69 -3705
L(Lg) 5.1-10° 1.3 10
(logL/Lg) (5.71) (5.12)
T.ss (K) 34300 32700
(logT.;7) (4.54) (4.51)

o — WNT
-+ - 09.5111

Figure 5: The location of the CQ Cep components on
the Hertzsprung-Russel diagram. The positions of dif-
ferent type of WR stars of the Galazy (Schmutz et
al., 1989) — open symbols, WR stars of the LMC
(Koesterke et al., 1991) — filled symbols. The evolu-
twonary tracks calculated by Maeder (1990) for solar
metallicity are plotted on the diagram. The evolution-
ary stages are shown by lines of different types.

stars (WNL) a little more to the left of the single star
WR 78 (HD 151932, WNT). Besides this, it is very
close to the evolutionary track computed by Maeder
(1990) for a star of the initial mass M — 40Mep),
which suggests that in the process of evolution the
WN7 star lost about 50% of its initial mass.

As to the companion, it evolved appreciably from
the zero age main sequence and lies a little lower than
the track calculated for a star with the initial mass
25M . Taking into account the mass determination

error (:t2.5/\/i@), one can say that the O component|
mass did not change in the process of evolution. Usii
the grid of models calculated by Maeder (1990) for th
star’s initial mass of 25M ) and initial chemical co
position close to solar (X =0.7,Y =0.28,Z = 0.0}
we attempted next to evaluate the age of the O co
ponent on the basis of its mass, luminosity and te
perature estimates. It turned out to be 4.7.10° yean
which is in excellent agreement with the age of th
association Cep OBI, of which CQ Cep is a membe
(According to the paper by Markarian (1953) the g

are the continuation of the 1937 observations.

After the observations were consolidated in ng
mal points, the 1938 light curve phases were correct
for orbit eccentricity and the apsis line motion, as w
done for the 1937 light curve, while the magnitud
were transformed into lights, taking m, ., = 9™
Le. the same magnitude as for the light curve
1937. In Table 4 are listed the data on the avi
age light curve of the system for August—Septemb
1938. In Fig.6a the light curves of July-August 19
and August-September 1938 are presented togeth
with the theoretical light curve which follows from
solution of the 1937 light curve. In Fig.6b light d
ferences between the smoothed observed curves ay
the theoretical light curve are shown. Examination
Fig.6b allowed us to reveal the following features
the distortions of the light curves.

1. Weak absorption is detected at phases 30°
70°, which is likely to arise when the less dense pa
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Table 4:
No. m L Phase g° Ve
(Mmaz = 9746) (in portions of P)

1 9m66 0.834 02012 4°32 4°68
2 9.62 0.867 0.066 23.76 24.26
3 949 0.974 0.144 51.84 52.98
4 9.37 1.080 0.213 76.68 78.71
5 9.31 1.132 0.261 93.96 96.70
6 9.31 1.132 0.315 113.40 116.91
7 9.60 0.879 0.510 183.60 188.53
8 9.57 0.903 0.592 213.12 217.67
9 9,57 0.916 0.631 227.16 231.36
10 9.62 0.861 0.660 237.60 241.48
11 9.49 0.973 0.695 250.20 253.64
12 9.39 1.064 0.737 265.32 268.19
13 9.23 1.192 0.801 288.36  290.36
14 9.38 1.073 0.845 304.20 305.63
15 9.52 0.927 0.875 315.00 316.10
16 9.59 0.883 0.918 330.48 331.21

Figure 6: The observed light curves of CQ Cep (July-
August 1937 and August-September 1938) together
with the theoretical curve following from the 1937
light curve solution (a). The light differences of the
smoothed observed light curves and the theoretical one

(b).

of the gas flux is projected onto the WR star.

2. Absorption is noted at phases 180° — 330°,
which consists of two components with maxima at
phases 240° (projection of the gas flux onto the O
star) and 310° (projection of the gas flux onto the WR.
star) with weak absorption between them (phases

270° — 290°).

For the observations of August-September 1938
are noted:

1. Additional emission is noted at phases 30° —

160° with a maximum at phase 110°.

2. Strong absorption is present at phases 180° —
255° with a maximum at phase 240°, which passes
into additional emission at phases 255° — 320° with a
maximum at v = 290°.

A comparison of the distortions revealed on the CQ
Cep light curves of 1937 and 1938 suggests that the
curves are interrelated and reflect consecutive stages
in the evolution of the system’s common envelope.
It may be supposed that for the year dividing the
two observing runs the gas condensation between the
components of the system considerably developed: in
the middle of 1937 it showed up as an eclipsing gas
flux, while in the middle of 1938 the condensation
started to essentially contribute to the radiation in
the continuum, which is, probably, indicative of its
increasing temperature, density and extent.

In order to trace the further evolution of the gas
condensation we inspected another six CQ Cep light
curves obtained by different authors after 1938 in
the blue region of the continuous spectrum. These
curves were roughly supposed to coincide with the
light curve of July-August 1937 in the centre of the
main minimum. In other words, it was assumed that
the source of additional light was totally eclipsed in
the centre of the main minimum. Fig.7 shows the
differences between the smoothed observed CQ Cep
light curves and the theoretical light curve of 1937.
Examining Fig.7, one can conclude that starting with
the light curve of 1953 and in all the curves that
follow (excluding the light curve of 1980), the addi-
tional emission of the gas condensation completely
suppressed the absorption and entirely (i.e. in all
the phases) “flooded” the contemporary light curves.
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Figure 7: The differences of the smoothed observed B light curves of CQ Cep obtained from 1953 to 1
and the theoretical curve following from the 1987 light curve solution. 1 — Kurochkin, 1987, 2 — Kurochl N
1938, 3 — Svechnikov, 1953, 4 — Chugainov, 1958-59, 5 — Guseinzade, 1965, 6 — Kartasheva, 1969, 1 M

Antokhina, 1980, 8§ — Harvig, 1982.

Thus, it is as if a third stage in the evolution of the
common envelope of the system is noted (after the
stages of 1937 and 1938), which is probably charac-
terized by subsequent growth and heating of the gas
condensation between the stars.

The refined solution of the 1937 light curve and
the qualitative analysis of other B light curves of the
system, which is based on this solution, confirmed our
assumptions made at the beginning of the paper.

Indeed, the WN7 star’s envelope, being also the
common envelope of the system, seems to consist of
two components:

1. A rather homogeneous envelope which proba-
bly has a low density (which is justified by the nu-
merous absorptions of the WR-nucleus found in the
spectrum of the system) and therefore does not man-
ifest itself in eclipses, but does essentially contribute
to the radiation in the continuum of the system be-
cause of its large extension and

2. A quasistationary gas condensation between
the pair’s stars arising as a result of interaction of
stellar wind of the system’s components.

The variable degree of activity of the stars, appar-
ently, determines the state and size of this gas con-
densation and is responsible for both the instabilities

M

M
we noted in the shape and amplitude of the light cut PJ
and the variable visibility of absorption lines of{

O companion in the spectrum of the systern (Kai Re
sheva, 1996).
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