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МК classification of fоur visual Ьiпаrу stars with
чаriаЬlе components
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Abstract. Slit sресtrа of 8 components in 4 visual Ьiпаrу systems (UU Psc, YZ Cas, RS Tri and
ВХ And) whose primaries аrе eclipsing binaries аrе studied. Fоr the first time МК classification
has been made for their secondary components showing that they all belong to the main sequence
stаrs later than F5. In all probabiiity, UU Psc is пrеrеlу ап optical раir with а visual companion.
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1. Introduction
The studv of variable stars as а whole fоrms orre of
the mаjоr branches of stеllаr astronomy, providing us
t,ith additional раrаmеtеrs (time scales, amplitudes
etc.) which аrе not available fоr non-variable stars.
А variable star being а component of а visual Ьiпаrу
(VВ) is of special interest because we deal with а
physical system of two stars with equal initial age
and chemical composition but which аrе likely to Ье
presently at different stages of their evolution.

Can one Ье сеrtаiп that а VB system undergoing
their evolution process does not suffеr concomitant
orbit evolution?

Does its present orbit keep tlre traces of the phys-
ical evolution of the components?

Do any significant differences exist in аstrорhуs-
ical and orbital раrаmеtеrs between visual bina-
ries with variable components (hеrеаftеr VВVС) and
ot.her, muсh mоrе nuпrerous VBs whose components
do not exhibit light variations?

These and mапу other questions сопсеrпiпg the
origin and evolutionary tracks ofvB stаrs still rепrаiп
uпсIеаr because of the реrmапепtlу voiced (Dom-
manget, 1988; 1997) Iack of information оп their
basic astrophysical раrаmеtеrs in general, and fоr
those with variable components iп раrtiсulаr. De-
spite mапу efforts to collect spectral data on VВs Ьу
NIeiseI (1968, and геfеrепсеs therein for earlier arti-
cles), Мurрhу (i969), Bouige (1974), Levato (1975),

Lutz and Lutz (1977), Abt (1981; 1985), Gаhm et
al., (1983), Lindroos (19S5), Chambliss (1992) and
others, we still lack information оп such ап imроr-
tant parameter as their \4К spectral class. Abt (1985)

ciearly demonstrated the lack of spectral information
even for relatively bright stars frоm ADS catalogue
(Aitken, 1932) as well as mапу rеаsопs to obtain their

МК types through classification based on slit sресtrа,
паmеlу to provide spectroscopic distances; to learn
rvhether оr not the system is physical; to identify stars
of unusual interest etc. Important statisticai studies
can also Ье реrfоrmеd when а homogeneous astro-
p}rysical data sашрlе is collected. Once gаthегеd, such
data should then Ье used fоr the comparative study
of their astrophysical and orbital рrореrtiеs both to
imрrоче оur knowledge of masses, radii, Iuminosity
etc. and to 1еаrп mоrе оп the struсturе and evolution
of stars and steliar systems.

The catalogue of the multiple stars, which has
recently Ьееп published (Tokovinin, 1997), has im-
proved and systematized the work оп measuring mul-
tiple systems the overwhelming majority of which
аrе physical. Тhrее systems, UU Psc, YZ Са; and
ВХ And, out of four presented in оur рареr аrе in-
cluded in the catalogue of Tokovinin (1997).

We ргеsепt irr this рареr the NIK classification of
8 components iп 4 VВVС fгош the catalogue of vi-
suаl doubie stars with variable components published
Ьу Рrоust et aI. (1981) whose main сошропепts аге
eclipsing binaries. The classification is based оп their
slit sресtга obtained fоr the first time for their vi-
sual companions. The spectra of the main соmро-
nents have Ьееп oЫained both fоr соmраrisоп рur-
роsеs and to compleпrent the already knorvn data оп
thеir variability.

2. Observations

A1l observations wеrе made iп NочеrпЬеr, 1995 оп the
6 m telescope of the Russian Special Astrophysical
ОЬsеrчаtогу using а long-slit sресtrоgrарh installed
in the рrimе focus + CCD 580 х 380, as described
in Afanasiev et а1. (1995), resolution 3-4А, as well
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as on the 1.22m telescope of Asiago Astrophl,sical
ОЬsеrчаtогу in Italy (рrism sресtrоgrарh саmеrа \'I
+ CCD 512 х 512. resolution 3 А at Н., ).

А sресtrаl rапgе of 3750-5200А was соr,егеd Ь},

two ехроsurеs in the rапgеs 3750 -4550 апd .1500-

5200А. ДI the песеssаrу соrrесtiопs (bias, dагk сuг-
rепt etc.) were made using а standard IRAF package,
Ареrtuге extraction was реrfоrmеd following the ор-
timal method implemented in IRAF Ьу Ноrп (19S6),
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Figure 7: UU Psc: а) the mаiп соmропепt sресtrum,; Ь) uisual соmрапiоп sресtrum.
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Tвent1, standard lines of Fе and Ne taken fгоm То-
mov and N{uпагi (1995) were used fоr the wavelength
с,оггесtiоп of spectra obtained on the 1.22m tele-
scope. \{оrе details on the бm telescope observations
апd data геduсtiоп can Ье found in Vlasyuk (1993).
The stars fгоm Stone's list (1977) wеrе observed as
standards.

Сагеful estimation shows that on the spectra the
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Figurе 2: YZ Саs: а) the mаiп соrпропепt sресtrum1 Ь) uisual соmрапiоп sресtrum.

absorption lines vrith equivalent width W > 0.3 А can
Ье rеliаЬlу identified with а standaгd photometric er-
rоr of 15-20%. АП absorption lines mentioned in the
next section and used fоr classification purposes sat-
isfy the above mentioned criteria.

All data on observations are presented in ТаЬlе1.
The sресtrа in the range 3750-4550А obtained with
the бm telescope (except that for the visual соmрап-

ion of YZ Cas, which was obtained on the 1.22m tele-
scope at Asiago) аrе displayed in Figs. 1-4, wherein
the intensity is given in аrЬitrаrу units and wаче-

length in angstroms.

3. МК classification
AlI spectra obtained fоr each star on different tele-
scopes wеrе carefully compared in order to identify
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the spectral lines surely detected in the sресtrum.
Only гelatively strong representative lines (see соm-
ments оп individual objects given in the next section)
indicated Ьу Jaschek and Jaschek (1987, 1995) wеrе
considered fоr classification рurроsеs. We used "Ап
atlas of stellar tracings" Ьу Goy et al. (1995), which
covers all spectrai classes and luminosity types, being
the most compiete available atlas of spectra tracings
including those of fundamental standards in t}re МК
system. We folloв,ed mainly the сritеriа mentioned Ьу
Jaschek and Jaschek (1987, 1995) and Yamashita et
al. (1977) fоr classification purposes as the latter At-
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Ias contains the spectra vrith а dispersion чеrу close
to that obtained in the present work. The classifica-
tion is рrеsепtеd in Table 2 whеrе the previous data
аrе also given for comparison.

Frоm the data presented in Table2 one can see
that оur classification differs Ьу 3 spectral subtypes
only fоr ВХ And, which could Ье explained Ьу the
variable сhаrасtеr of its spectra) as noted Ьу HiIl et
al. (1975), r,,,hile in аII other cases the classification
remains wel] concordant and the differences do not
exceed one subtype. As rеgаrds luminosity classes,
they аrе чеrу close оr coincide with the рrечiоus data,
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Figure 3: Лл9 7lт: а) the mаiп соmропепt sресtrurп; Ь) uisu,al соrпрап,iоп spectru,m.
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always remaining rvithin the usual error of 0.6 class
(Jaschek and Jaschek, 1987). Thus, соmралisоп with
the previously published МК types fоr main соmро-
nents shows that оur classification аgrееs fairly with
the оthеrs. In continuation some comments on indi-
vidual objects аrе given.

4. comments оп individual stars

UU Psc. The Ваlmеr lines frоm Нв to Н12 аrе well
seen in the spectra of the main component (Fig. 1а).
The intensity of СаII К is certainly lоwеr than СаII Н

* Н.. CaI4227, G-band and оthеr metallic lines аrе
weak, indicating early F types. Тhеrе аrе no peculiaT
features regarding its luminosity class, sо this star
surely belongs to the main sequence.

In the spectra of the visual соmрапiоп (Fig. 1Ь)
hydrogen lines аrе still well seen, but the СаII К in-
tensity becomes practically equal to СаIIН * Hu.
Apart frоm that, CaI4227, G-band and оthеr metallic
lines (fоr instance, FeI 4383) are strопgег and better
seen (comparing to those belonging to the main соm-
ponent) indicating with certainty the later subtype
while within the F spectral type.
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(2000.0)
alpha delta

р.-
Scope (sec)

UU Psc 00 14 59 +08 49 17

YZ Cas 00 45 39 +74 59 18

S ъi 01 34 49 +29 35 21

ВХ And 02 09 04 +40 47 39

1061 191 А
191 А
191 в
191 в

4161 624 ь
624 А
624 в

+28 258 1236 А
1236 в

13078 1671 А
1671 в

i8.11.95 |.22m
29.11,95 бm
18.11.95 122m
29.11.95 бm
19.11.95 1,22m
30.11.95 бm
19,11.95 1.22m
29.11.95 бm
29.11.95 бm
29.11.95 бm
29.11.95 бm

200-R1;500-R2
15-R1;15-R2

900-R1;1200-R.2
180-Itl;i8O-R2
600-R1;
120-R1;120-R2

3600-R1;
60-R1;300-R2

300-R1;1200-R2
600-R1;600-R2
600-R1;

Column 1

Columns 2

Column 4
Соlumп 5

Соlumп 6
Соlumп 7

Соlumп 8

Вауеrп паmе of tlre star
,3: Right ascension and declination fоr tlre epoch 2000.0
HD оr BD пumЬеr
ADS пumЬеr frоm Aitken's (1932) catalogue
observation date
Telescope aperture
Ехроsurе time (sec) and spectral rапgе: R1 - 3750 4550 А, R2 - 4500-5200 А

ТаЫе 2: МК classi,ficati.on ot the obserued stars

type (sec.) This рареr Other classifications

UU Psc 6.05 AIgo1

Decono, t.t

YZ Cas 6.12 Algol

Second. 9.7

RS Ъi 11.00 Aigol
Second. 11,2

ВХ And 9.57
Second. 10.7

W UMa

11".5 F0 v

5.0 А4 ч
Fбч

19.6 F5ч
G5ч

}-OIV-F.1V (Corvley and Fraqrrelli, 1974)
F0 V (Levato, 1975)

F5 IV-\,

36.1 А2 iV-V А2 IV (Abt and Bidelman, 1969)
А1 V (Hi]l et al., 1975)

G0 \-

А5 V (Laпrpens, 1996)

Г2 \' r,ar. (Hill et а1., 1975)

Column 1 : Вауеrп паmе of the stаr
Column 2 : Visual V magnitude at minimum (GCYS l lог r,агiаЬlе (mаiп) component,
for secondaries the magnitudes are taken frоm Ргоust et а1. (i9El)
Column 3
Column 4
Соlumп 5

Column 6

Туре of variability
Separation (аrсsес) taken frоm Proust еt ai. 19S1l
\1К types as defined Ьу аuthоrs
Оthеr }IK types and corresponding геfеrепсеs

The ртеsепсе of the weak STII 4077 line makes
sоmеvлhаt uпсеrtаiп the luminosity class since in поr-
mal dwаrfs it does поt арреаr, meanwhile in subd-
туаrfs it must Ь stronger.

YZCas. The sресеrа of the main component
(Fig.2a) соrrеslюпd to the typicat main sequence
еалlу А type with the strongest Ваlmег lines arrd

rгeak СаII К апсi оt}rег metallic lines. In сопtrаst with
the main component. the visual cotnpanion (Fig.2b)
shorvs а stlong СаIIК line, G-band, CaI4227, оthеr
metallic llпеs оf Fе. \Ig. Ti etc., апd сап surely Ье
ciassified а_s GO \', The Ваlmеr lines are still seen
but they аге muсh rгeaker than metaliic ones.

RS Tti. The mаiп component (Fig.3a) is а typical

we
Text Box



146 ТДМЛZIДN, DOCOBO

A-type stаr whеrе hydrogen lines сlеаrlу dominate
the spectra. The intensity of СаII К is about half
that of СаIIН * Н..

In the spectra of the visual companion (Fig.3b)
the Ваlmеr lines аrе still well seen but the СаJI К line
intensity becomes almost equal to that of СаIIН+
Н.. CaI 4227 апd, the G-band аrе relatively strong,
the equivalent width of the G-band is certainly highеr
than that of Н". FeI 4383 is well seen in the spectrum.

Frоm the difference of apparent magnitudes (0Р2)

and corresponding spectral classes (F5 V and G5 V)
it is obvious that the system is mеrеlу ап optical раir.

ВХ And. As it rvas mentioned above, оur classifi-
cation (F5 V) differs Ьу 3 subclasses from that (F2 V)
described Ьу Hill et al. (1975). А саrеful comparison
vrith the tracings of the standard stars allows us to
classify the рrimаrу as F5 mainly owing to the inten-
sity of the G-band, Са|4227 and FeI4383 lines which
аrе stгопg enough in соmраrisоп rvith hydrogen lines
(Fig.4a), thus indicating for certain the spectral type
lаtеr than F2. It is wоrth noting that the СаIIН+Нс
line has practically the same intensity as СаII, which
is another evidence of the late F subtype.

As it was mentioned above, оur classification
(F5 V) differs Ьу 3 subclasses frоm that (F2 V) de-

sсriЬеd Ьу Hill et al. (1975). Note, however, that such

а difference mау Ье explained Ьу the variable сhаrас-

tеr of its spectrum pointed out Ьу Hill et al. (1975).

The strongest fеаtuге in the sресtrum of the visual
companion is the G Ьапd, СаIIН and К, CaI4227
and different metallic lines (fог instance, Fе I 4383)

аrе very strong, whereas the hуdrоgеп lines аrе weak,

although clearly visible (Fig.ab). All these features

show that it сап Ье classified as G5 and that it belongs

to the main sequence.
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