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Determination of the internal structure constants of the

:

components of the WR type eclipsing binary CQ Сер
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дьstrасt. Тhе apsidai motion detected in the wR type eclipsing Ьiпагу cQcep is used to

cleteimine constants ftzrив and kzo Of the internal struсturе of thе system's corrrponents, which
сhаrасtеrizе the dеgrее of concentration of mаttеr tor.Taгds the сеtltгеs of t}re stагs. calculations
have shown tbat kца,р ж k2g ж Е2 = 0.000З, rл,hiсh is Ireaгlr- ап огdеr of magnitude less than ,tz

values obtained for main sequence stаrs. А соrпрагisоп ls гr-,irdе of t|rls l,esult lvith ttre опе obtained
fоr close Ьiпаrу syst,erns (rrVir, V380Cyg,6Ori(A) \'17t],эC'lg and dPer) that contain а fal
evolved component. Тhе value of the constants оf t}re iпtегпаl stгчсtltl,е of CQ Сер cornponents
is'noted to Ье close to those of Е2 for б OTi(A) апd \'1765 С'l я, the tttost evolved systems with
thе apsidal Tnotion. А direct comparison of геsult,s obtained lог CQ Сер, as well as for the оthеГ

five fal evo]ved systems' with that given Ьу thеогу, seerts irtrpos-.ible as vet since special rnodel

calculations fог еасh ofthose systems ale needed.

Кеу words: binaries: eciipsing - stars: constants stars: \\'o1f-Ral'et - stars: individual
tt'Q Сер)

Tlre study of t}re orbital реriоd Ьеlrачiсluг of the
lttost close of WR birraries (А = 20 /io) CQ Сер has
аlгеаdу а serni-centenial history described in detail
irr оur еаrliеI рареr (Kartasheva, Svechnikov, 1989).
The latest veгsion of interpretation of the (О С) di-
agl,alтl is ачаilаЬlе in the thesis of опе of the aut,hors
(I(aгta,s}reva. 1995), which suggest,s t}rat ргоЬаЬilit5,
ofexistence of а third body in the systenr (а stаг with
the mass М ж \7.5М6) is чегу high.

Svechnikov (1954) noted, that osci]lations of а

sпrаi]ег ampiitude, in which the рlimаrу and sec-
оrtdагч rrrinirrta. displace in opposite diгections, al,"

slrpeгirrlpclsed on tlre ntain t,un of the (О - С1) and
(О - Сr) diaglalns of CQCep (diagLanrs of dераг-
tures of tlre оЬsегчеd рrirпаrу апd secondar}, ilIiIlillla
fj,опr the ca.Iculated ones). T}ris rrright Ье evidence of
apsidal rttotiotr iп the sуstеlп.

Kurochliirr (1979) also paid attentiotr to the ргеs-
eltce of а slight cyclic oscillation lvittr а peliod of 5'1

veals on ttre system (О-Сr) diаgгаm,

Being аwаге that а so fаr evolved systcln lпау
irave but а srnall orbit eccentricity (not сlеаrIу оЬ-
,.erved spectroscopically) we Lrave turned to exatni-
ltation of the difference (О Сr)-(О-С1) diagram of
L'Q Сер (Kartasheva, Svechnikov, 198Е, 1989). The
.аttег attracted us Ьу being free frотrr both ttre de-
,,,iations associated with direct change of thе orbital

period and the de.,,iatioris tlrat arrse iп the case the

sl,stem contains а thiгd bod1,. Тhе rrrost important
iп this diаgrагп is t}ie doubling of thе aпrpiitude of
the effect produced Ь1, the apsidal motion, which fa-

cilitates its detection, 1rrdeed. as has beerr shown Ьу

Кагtаshеча and Sveclrnikov ( 19Е9),

(О * L"r) - i О - Ci) = 2Ь соs(r,,,62 +,zE),

whеrе
Ь = "; (е is th.,,lгЬitа} ессепtгiсitу, Р is thе огЬitаl
peliod ol t}lL, S.\,_ileIIl ],

-;2 is Ill. i_:гlesl1,oIl 1.IlзitLlde fol tlre еросh 7ц,

*2 i. t},- .t,_*еrrеi] l,ate оl thе peгiastron longitudt:
,, a

гtiаllзр ,[ = I is thе apsidal гоtаtiоп регiоd),
Д is thе IluпlbeI-of tlie cycles frоm the mошlепt 76.

Tlre po-*sibiIity оf гергеsепtаtiоп of the CQ Сер

iO Сl) (о Cr) diagt,arrr Ьу t}re irrclined cosinusoid

(О - Сr) - (() - С1) = 090з4 -
-090000029s + 0q020 cos(295o + 0903д) (1)

(see Fig. 1) has allolved us to conclude that the apsidal

rrrotion superimposing orr the linear ruп of the (О-
С2)-(О-С1) diffelences cloes occul in the systeпl. 'Гhе

liпеаг гurr is, ргоьаьlу, associated wit}r the diffегеrrt,

arrd time-variable degree of distortion of the рrirrrаrу
and sесопdагу minirna Ьу t}re circumst,ellal gaseous

medium ( [(аrtаshеча. l995),
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The representation of the difference diаgгаm Ьу
fогrrrulа (1) регmittеd the following characteгistics
о[ the system's orbit to Ье derived: е = 0.02;йz =
0903 реr а регiоd (6967 рег а уеаr); U=54уеаrs;
U /р - 12000.

Whеп iпtеrргеtiпg the diffегепсе diagram of
CQCep we гejected the (O-C2)-(O-Cr) values rе-
fеггiпg to the регiоd 1936-1949 which we сопsidегеd
as апоmаlоus on the basis that photometric and spec-
tгаl obseгvations related to it suggested high-velocity
ejections of mаttеr frоm the system (fог details see

Кдгtаshеча, Svechnikov, 1988). Тhе new moments of
thейiпimа of CQCep oЫained Ьу Kilinc in 1991-
1992 (Kilinc, 1994), that is, spaced frоm the begin-
ning of thе anomalous регiоd Ьу а time iпtегчаl close
to the регiоd of apsidal гоtаtiоп (U), wеге of inter-
est fгоm the point of view of the Ьеhачiоцr of the
(О-Сr)-(О-С1) differences. The пеw чаluеs on the
(О-Сr)-(О-С1) diаgгаm (see Fig.l)showed again ап
uрwаrd dерагtuге of points (Ьу а: 0.0Зd) fгоm thе in-
clined cosinusoid. Whether а пеw апоmаlоus геgiоп
арреаrеd on the (О-С2)-(О-С1) difference diаgгаm
of the syýtem, which might suggest the геlаtiоп of
this phenomenon with the apsidal motion, ог the lin-
еаr ruп of the (O-Cr)-(O-Cr) diffегепсеs associated
with the distoгtion of the minima Ьу the interstel-
lаг gaseous medium changed its сhаrасtег, is likely

to Ье stated with аssuгапсе in two-three decades. so
fаr rve lrave attempted to use the гечеаlеd apsidai
motion fог ihe deteгrnination of the constants of thr
inteгrral stгuсturе of the systeпt's ýtагs, hoping that
the estimates made will рrоче that оuг iпtегрrеtаtiоr.
of (O-C2)-(9-Cr) diffегепсе diаgгаrп is соггесt.

Тhеrе аrе thгее basic rеаsопs fоr the apsidal rгrь
tion in а Ьiпаrу system witli ап elliptical olbit (Bat-
ten,1973):

1. Tidal iпtегасtiоп and axial rotation of the раiг
components. Тhе гаtе of the apsidal гоtаtiоп (d"rо.,.

duе to those effects is dеsсгiЬеd Ьу the following equa-

tion (Магtупоч, 1971):

. 360 r, *Г-,,___
Ё.lо... = 7 ttr,ri |--15/z(e)+

(;)'(,*fi) trЬ] -

*k22rf; ГЦ"/,(,)*о 
|'n-,

(;)'(, *fr) .Ь] }=
з60

= f (lczrcr * А22с2)(dеgг/уеаг), ('l
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}21 and k22 are the iпtегпаl stгцсturе conýtants ofthe
stагs of the system,
11 and 12 аге the rеlаtiче гаdii of the stars ехрrеýsеd
iп fгасtiоп of the systeпr's огЬit гadius,
rп1 and rп2 ate the masses of thЪ componentý in sоlаr
maSSeý,
Р is the огЬitаl period of the system in уеагs,
е is the огЬit eccentricity,

"fz(.) = (1 - е2)-б(1 + $ + {),
ff is the rаtiо of the angular velocity of the axial
гоtаtiоп of the f соmропепt to that of the оrЬitаl
гоtаtiоп,
с1 and с2 аге the соеffiсiецts at Ё21 and &22, adopted
fuгthеr as'the weights of the lаttеr.

Ассогdiпg to the statistical studies Ьу Swings
( 19з6)

ц. _|*е
uj |-е'

Fогmulа (2) allows the weighted ачеrа8е value of the
iпtегпаl stгuсtuге constant of the system's stаrs to Ье
dеtегrпiпеd

7., = 
kzl}l * kzzCz _ @"lo..rP /D\' и*сz '=ЭббGты, (J,

2. Relativistic реriаstгоп motion (the effect no-
tiсеаЫе iп massive systems). The velocity of the ар-
sidal гоtаtiоп caused Ьу the relativistic effect is dеtег-
rrrined Ьу the fоrmulа that follows frоm the ехргеssiоп
fог регiоd of the гelativistic apsidal гоtаtiоп (Batten,
1973):

йrеl =0.64. 10-uffi# (degrf уеаr),

whеге А is the mаjог semi-axis of the system's огЬit
in the sоIаr radii, the rеst designations аге the same,
as in the item 1.

3. Рrеsепсе of а thiгd body distuгbing the orbit
of а Ьiпагу system. Тhе apsidal motion velocity is
dеtегrпiпеd in this case Ьу the equation followingfrom
t,he expression for the регiоd of the apsidal rotation
tiс,сluггirtg uпdег the action of the third body (Batten,
l973):

й tп_ ttbody = 0.75 F#З#НЬ (degr f 
,year),

whеге
Р' is the orbital регiоd of а wide ýyýtern in уеаrs,
rпз is the third body mass in sоlаr mаssеs,
the оthеr designations аге given in 1.

In the case of CQ Сер the thгее саusеs of the ар-
sidal rnotions аrе роssiЫе and hецсе

йоDr = tl"1or.. * й,ы * йtba-botty - 6.67{degrf year),

Since the рuгроsе of оur рареr was the dеtегmiпа-
tion of the iпtеrпаl stгuсturе constants of the system's

stars, whic}r сhаrасtеrizе thе dеgгее of сопсепtгаtiоп
of mаttеr towards the stаr's сепtrеs, оuг next step was

to clean the observed velocity of the apsidal пrotion
frоrrr the соmропепt connected with the relativistic
effect and the thiгd body рrеsепсе. The ргiпсiраl ра-
гаmеtегs ofthe system needed fоr furthег calculations
wеге taken fгоm Каrtаshеча and Svechnikov (l989,
1996) and рrеsепtеd in the bottom line of Table1.
Besides, we used the estirnate of the period of а wide
system (Р' * l20уеагs) and of ttre thiгd body rrrass

{М ж 17.5M6) oЫained Ьу Кагtаshеча (1995).

The calculations регfоrmеd yielded fоr t,he veloc-
ity of the apsidal mоtiоп caused Ьу the relativistic
effects

i,el = 7.}4(degrlyear)

and fоr thе velocity defined Ьу t,he third body effect

*tlld-body = 0.00003(degrf уеаr),

Hericle it folIoK,s tLrat thе velocity defined Ьу the t,idal

ilrtelaction апd axial rot,ation of ttre сошrропепt,s оf
thе раiг

Ё"/о". = 6,67 - 1.04 = 5.6З(dеgr lyear).

Тhе геsults obt.airred регпritt,еd us t,o cotLt:lude t,Lrat

the раrt played Ьу the tiriгd body irr the observetl

dpsidal motion is гпiпог arrd 80 % of this mot,ion is

caused Ьу classical effects.

Тhе weighted rпеап value of the constant of the
irrtelnal stгuсtuге of the syst,em's stаrs (Е2) was fur-
thег estin,rated Ь1, fol,rnula (З) and tuгrred out t<l btl

0.0003, .А.п attempt to pass fгоrrr thе weighted rrrean

value of Е2 fог the stагs of the syst,enr to the iпt,ег-

nal structure constant of WR stаг, using fornrula (3)

and assurning а companion to rеfег to main sequence
stars, гesuited iп negative kzwn value. Return to tlre
геаl positive }2руд value, as tlalc:ulations had showlt.
was possible only ргочid,.d that t}ie c:orrst,attt of ttre
irrtеrпа1 stгttсtuге of the O-r:orrtpottent (,t2р) was чеrу

close in value to Е2 and, tllerefore, to *2ууд as well
(kzo < 0.00035). The lat,t,el confirrns t,he conclusions
dгаwп Ьу Маrсhепkо et al. (1995), I(artas}reva alrd

Svechrrikov (1996) and Kart,asheva (1996) tlrat, the

О-соrпропепt of CQ Сер is likely to Ье а fаr evolved
stаг, though its dirrrension and physical сhагасtеris-
tics (Каrtаshеча and Svec}rrrikov. l996) seem sпrall
fоr а Ьгight giant ог supergiant.

Тhе resrrlt fоr CQ Сер should hаче fuгt,hег beerr

соrпрагеd wit}r the опе given Ьу Ьiпагу systerns that
contain а fаг evolved соrпропепt,. As а result, of look-
ing thгоug[r of all t,}re liteгatrrre available to us five
Ьiпагу systerns hаче Ьееп selected which contain а

component of lurninosity classes IV, III, II, Ib arrd

show а геliа,Ьlе apsidal пrot,ion. Тоgеthеr with CQ Сер
they fогrrr а g}оuр of birrzrlies including:

W
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ТаЫе 1:

Star р е i) оь"

(#)
тп1

(-о)
m2

(-о)
А
(л,э)

Г1 Т2 k2

(l.eb)
Ref

В Реr
(BBv+c+_sIv)

о Vir
(B1IIi_IV+B2_3V)

V3В0 Cyg
(В1.5II III+B2-3V)

6 Ori(A)
(o9.5II+BlIV)

Vl7ri5 Cyg
(B0.5Ib+B2V)

CQ Сер
(WN7+o9.5IIl)

2.в7

4.0 145

12.4257

5.7325

1 з.3 738

1,6472

0.01

0. 13

0.22

0.06

0.33

0.02

11.25

а <.,

0.26

1,71

0, 17

ь.ь /

3.в

10.9

12.1

2 з.0

25,0

,ол

0. в2

6.в

9.0

1,2.2

1в.3

14.1

27.5

60.6

43.0

79.1

20. 1

0.204

0.291

0.267

0.400

0.268

0.424

0.251

i].160

0.068

0. 240

0.075

0.2вз

0.00з 1

(_2.51)
0.0023
(_2.64)
0.0010
(-3.00)
0.0006
(-з.22)
0.0004
(-3.з9)
0.0003
(_3.52)

(1),(2)

(1),(3),(4)

(1),(5)

(1),(6)

(1),(7)

(в),(9)
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Ho-ilKim. 19В9
Lyubimkov et al.,. 1995
Dukes,1974
LyubiTnkov et а1., 1996
Koch апd Hrivrrak, 19В1

Mayer et al., 1991
Kartaslreva апd Sveclrrrikov, 1 989
Karta"slreva arrd Svechnikov, 1 996

о tЪur separated systems lчith far evolved
пtоге massive рrirrrагу componertts (rr Viг, VЗ80 Cyg,
6 Огi(А). V1765 Cyg);

r hаlf separated systerrr. wltose соmропеп1 uIl-
tlerrveltt "а clrange of t,oles", having nolv less nlassit,.
colrlpanicэll*subgiant (В Реr) ; 

1

. а pгactically contact system (CQCep), wlrose
c:orTtponerrts urtdeгwent "а c}tange о{' гоlеs", as а rе-
sult of whiс:h а rпоl,е ечоlutiопаrу advanc:ed WR
stаг tuгпеd out to Ье less rTtassive. Besides, thе О-
corrtponent of t}re systclm. r,чhiсh rnost likely belongs
to lurrrinosity class III (Кагtаshеча and Svechnikov.
1996; Kartas}reva, 1996). has a]so essentially e.",olved
гightwагd fгопr the iцitiаl пrа,iп sequellce.

Еоr all tlre systerrls selected fol the compaгisotr
with CQ Сер t.he most reliable rпаss and relative
гаdii estirrrates оf thе stars as well as the latest es-

tirrrates of рагаmеtеrs of their elliptical orbits trave
Ьееп found. A1l ttre data are collected in Table1.
[Jsirrg thе rnethods dеsсгiЬ"d abole, {Ьг the selected

l R"r,i,,lу rl1' tbe rterv Iiteгatule on alrcit}rel, tu,о }ralf sерагаtесl
sullgiarrts (W Del апd ТХ UMa) seiected Ьу Batten (1973) and
Сisцеr,оs Раrга (1970) hаs shown thаt t}re }atest exarrrirrationof
tbe Ьеhачiоuг of their orbital регiоds (Douglas, 1973; I{r,еirrег
arrd Ъ,еттrkо. 1980) has not confir,Tned t}re existeTrce of tlre ар-
sidal nrcition exper:ted in thеrп. Howevet, а i:lose sr:r,utirry of thе
last (О-С) diaglanr of ТХ UMa (Komzik et al., 1992) allows
а lопgег period (Uz80 yeals) of cyclic vaгiations of the (О-С)
diffelerrces to Ье suspected in this systenr. Whеthеr the чагi-
ations ar.e Ьгоught bbout Ьу thе apsidal nrotion oI suggest а
thiгd boсly to Ье рrеsепt in tbe system is to Ье decided fTonr
obsel,r,atioTrs of the nronents of the secondalv nrininrurrr

stars the \,l,eighted шtеап values of the apsidal mо-
tion constants (Т2) listed in the last с.оluшrп of Та
ble1 have been detelrnined. Irr the last c:olurrtn at,.

presented the геfегеtrсеs to t}ie sour(]es fl,olrr whic},

tlre data ott t}te clrat,acteгistics of the systerns ali!.
thеir corrrponellt stals hаче Ьееп taken. Since fоr th.
first five systeгns of Table 1 the corrtribrrtion of tlro
intelrral stгuсtul,е coIistants of the evolutionary les.
advarrced c()пlponents to the weighted rпеап Е1 r.,alu-

is srnall (Ьесаusе of their small sizes and strorrg de-

pendence of the &2 values on thе sizes of t}ie star.
1}2 с< r5)). the estimat,es оГ F2 act ualIy сlrагасl егiz.
ttre degree ofconcentration towards the сепtгеs ofthe
stаrs fоr the mоrе evoluti()nary advanced соmропепts
of the systems. It is sееп frоm the table that fol t}r.

stагs of оuг salriple,the iпtегпаl stгucture constant,t
either correspond to lоw,,r estimates of Е.; obtaine,l
fоr rrrain sequence stals (k2 = 0.Ul3 + 0.00Зб; Bur-
ten, 1973, С]агеt and Girnenez, 1993) оr аIе 2 - '
times as sпlаll. T}re l.alu., of F2 we }iave derived f,-.

CQ Сер, has proved to Ье close to those founc] fi,,
6 Ori(A) and V1765 Суg -- the rnost ечоlutiопагу ai1

vanced fгоrп the systerrts being con-rpared. This sur-
gests that the result obta,ined fог CQ Сер to Ье r,e]i-

аЬlе and thеrеfоrе сопfiIIпs оuг inteгpretation of th,,

(О - Сr) - (О - С1) diagram of CQ Сер,

As to the аgгееmепt t,f the оЬsегчеd F2 values . .

ТаЬ}е'1 with the rnodel calculations, thrее out of si:,.

stагs of ou} sanlpIe (cv Vir, VЗ80 Cyg and V1765 С1 g

wеге included into the theoretical study that hal,=

recently beeTr саrriеd out Ьу Сlаrеt and Girnene_

1)
2)

з)
4)
5)

6)

l)
8)

9)
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Гiguге 2: T'h.e оЬsеr"че,d lc,g k.2 ualtLes us tlLe t,hc:c,lret,l-

caILy predlrl,ed.

(199З). It is fог these three stars (see Fig,2, which
is а reproduction of Гig. 1it fгоm the рарег of those
auttrors) that t}re n,ioclel c:alculations trave still yielded
t}re lоwег clegree оf concenttation of тl,tаttеr torvards
t}re stars' centles (lаrgеr kr; u. сопlрагеd with lvlrat
follot,s fi,oпt observations, ]'his result is like.ly to sr_rg-

gest that the model likening of а close binary sys-
t,eln t.o two irrcleperrdently developing stагs is invalid
rrot orrly, {,эг half sepalated апd contact systeTrrs but
also fоr fаr evolved sерагаtеd раiгs. Irr this corrrtection
tlre рареr Ьу Сisпеrоs-Раrrа (1970) is significant, Не
slrorved in his calculatioTr of evolution of c]ose Ьiпагу
syst,errts. includirrg also the phases of nass ехсhапgе.
lioи, еfГесtiче t}re process оf ma,ss excl.ange in close bi
IIаL"\, svstelrls is for dес,геаsiпg t}re constants сll tlie rri-
te rlt;rl stгt_iсtuге ог the st,агs. Thu-s а сliгесt coIl]1lat,i5.гj
rl1 the Tablc 1 resu]ts (and. in pat,ticulaг, tlre геsu]t fог
(lQ (_]ер) with that given Ьу thеоrу is impossible yet.
sinc:e special rnodel calculations аrе ргоЬаЬlу needed
fог eac|r s.vsterrt.

In c:oncIusion it wor_rld Ье ,,voгt}rr,vIrile to toucti
uроп the IIIatteг оГ exist,ence of ессеrrtгiсаl olbits in
far ёчоlчеd svstertts. Florn statistica] studies we see
that the loss оГ mass and the process of "change of
гоlеs" (alongside thе tidal irrteгaction) facilitates the
reduction of the initial orbital eccentl,icity of the sys-
tеrп. Nеаrlу all f'аг c,volved systеrгrs (if tlrev lrave had
llo stl})etnova оutЬuгst) have zet,o оl,,чегу slight ессеп-
1rir:ities. Though ц,ith norr symrnetric release of tht:
elrvelope (and iп gепегаl rvith поп syrrrmetric loss of
lrrattet,) а slight eccentricity lrray appeal again. T}ris
is ргоЬаЬlу tlre case with CQ Сер. Algol (Р Pel) рго-

vides an example of existence of а пrinor eccentricity
in а half-separated Ьiпагу system. It is possible that
other ha]f-separated syst,ems and thе systerns close
to contac:t systems have slight eccentricities whiсh аrе
difficult to detec:t. T}re ca.use is Ьоth the small depth
of thе secondaTy minirnum arrd the complex shape
of the (О-С) diаgrаrп caused both Ьу cornplicated
change of the period and Ьу distoTtions оГ rnoments
of the miniпra Ьу the iпtегstеllаг gaseous lrredium.
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