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ABSTRACT. High-dispersion spectroscopic material (8.5x10-7), used to calcu-
late v.sin i, ‘I‘eff and log g, was obtained for 8 peculiar stars whose classifi-
cation is not unique. A detailed identification of the spectral lines of star
wUMa (HD 94 334) was carried out. On each of the 7 spectrograms an average of
270 lines were identified, for which the equivalent widths and their normed
values were calculated. It is proved that the star can be classified as a che-
mically peculiar A star with an Si-type peculiarity.

XMMUYECKY OEKVAVAPHAS 3BE3JA w BOJNBLOJA MEZBEAMIM: 1. MAEHTUSMKAIMA CIIEH=-
TPAJIBHHX JVHWA. Ins 8 NeKyJNUBPHHX B8Be8J C HeonpeleleHHON kaacuduxauueir Oua A
noJyuyeH BHCOKOAMCHEPCHH) cnexTpockonudueckult marTepuan (8,5x10'7), 8 KOTOPOTO
MH ONpeleauau NPOeKUMD CKOPOCTM BpAmMERMS, ddPexTnEHyD Témnepamypy u Jorapudm
YCKOPEHMS CUJIH TSEECTM HA NOBEDXHOCTH Ias Kaxnoli sBesnw. Jis sBesZw w UMa
(HD 94 334) Omra crnexama noiapo6Has uZeHTuMKANUA CHEeKTPaAABHHX JAuHMli. Ha kKaxmom
us 7 cnexTporpamM OBIO UAEHTUOULMDOBAHO B cpennem 270 aunuit, OAS KOTODHX MK
BHUMCIUAYM OKBUBANEHTHWE MMDHHH X MX HODMMDOBAHHNE BHAUEHMA. [IOKA3&HO, WTO

8BE€3Ly BOSMOXHO KJIAcCHPUIMDOBATL KAK XMMKUECKM NEKYJAMADHYD A 3BE3Ay € MeKyaMap-
EOCTD THna

CHEMICKY PEKULIARNA HVIEZDA w UMA: I. IDENTIFIKACIA SPEKTRLNYCH GIAR.
Pre 8 pekulidrnych hviezd s nejednoznadnou klasifikdciou bol ziskany vysoko-
disperzny spektroskopicky materigl (8,5x10'7), z ktorého boli po¥ftané v.sin i,
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T.pp 8 log g. Pre hviezdu w UMa (HD 94 334) bola urobend podrobnd identifiké-
cia spektrdlnych.&iar. Na kaZdom zo 7 spektrogramov bolo v priemere identifi-
kovanych 270 &iar, pre-ktoré boli vypolitané ekvivalentné 3frky a ich normo-
vané hodnoty. Je ukézané, Ze hviezda mdZe byt klasifikovand ako chemicky pe-
kulidrna A hviezda s pekuliaritou typu Si.

1. INTRODUCTION

Eight peculiar stars with insufficiently developed peculiarity features
and non-unique or indefinite classification were selected for long-term spectro-
scopic and photometric observations. Research into such stars may lead to the
clarification of evolutionary relations between normal and chemically peculiar
stars. For this purpose high-dispersion spectroscopic material of quality from
the coudé focus of the 2-m reflector of the Astronomical Institute of the
Czechoslovak Academy of Sciences in Ondrejov (for detailed description of
instrument refer to Zicha, 1972) with a dispersion of 8.5%10"7 in the spectral
region of A} 360 - 490 nm was accumulated for a period of 10 years. The half-
widths of line Mg II 4 ) 448.1 nm, whose values are given in Column 3 of Tab. 1,
were determined from the intensity records of selected spectrograms for all
the stars. These values were used to estimate the projected rotational velo-
cities "v.sin i", which are also given in Tab. 1. The effective temperatures
and the values of the gravitational acceleration (g) were determined from the
profiles of hydrogen lines Hg, Hf.and Hy by comparing them with their theore-
tical values in the paper of Kurucz (1979). Since the theoretical profiles are
normalized to unity (intensity of the continuum) only at a distance of 10 nm
from the line centre, and the profiles on the spectrograms could only be ob-
served to distances of 1.5 - 3 nm from the line centre, the theoretical prd-
files were normalized to unity individually for each spectrogram and line al-
ready at the distance of the actually observed continuum from the line centre.
The central parts of the hydrogen line profiles, however, are deformed by ro-
tational broadening, so that the central part (aA < 0.2 nm) of the theoretical
profiles was corrected with respect to the values of the projected rotational
velocity, determined above. We also assumed that the coefficient of darkening
€ = 0.6. The resultant average values of the effective temperature and log g
for the individual stars are given in Columns 5 and 6 of Tab. 1.

The effective temperature of the atmospheres of the stars involved were
also determined by the method published by Heintz (1973) and Zabriskie (1977).
The results obtained from 2 different photometric systems, i.e. UBV and ubvy ,
are given in Columns 7 and 8 of Tab. 1. The positions of all stars were plotted
in a two-colour diagram (U - B), (B - V), see Fig. 1, based on the photoelec-
tric U, B, V observations reported in the catalogue of Blanc et al. (1968).
The diagram was adopted from the paper of Bochni&ek and Hric (1978).

It should be pointed out that the values of the effective temperatures of
the atmospheres of the studied stars, determined from the hydrogen line profi-
les, come out systematically higher than the values determined by photometry.
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Table 1.

Star Plate Hw(nm) v.sif1i Terr o8 &8 Tope Tope
No. MgII 4 (km.s ') from H from UBV from ubvy

HR 446 4128 .44181 176 15 000 4 12 250 12 900
3429  .45405 180 14 000 3.5-4

HR 830 4140 .14400 58 13 000 4 10 800 11 200

b Per 2059 .16969 69 10 500 4 9 300 -
4141 .21078 75 11 000 4

36 Aur 3937 .06790 15 13 500 3.5-4 11 100 -
3127 .04889 4 12 500 3-3.5

68 Ori 3939 .12267 50 10 000 3 10 700 -

3128 .10848 39 12 000 3.5

w UMa 2135 .12232 50 13 000 4 10 300 10 500
2094 .12440 50 13 000 4

HR 7028 2063 .07905 21 13 000 4 11 600 12 000
21 Aql 4133 .04892 4 13 500 3-3.5 -13 000 14 000

According to Boyarchuk (1983), however, the former method of determining the
effective temperature is very inaccurate and, consequently, unsuitable.
According to Hric and Zverko (1982), the obtained results cannot be used
to draw conclusions about the peculiarity type of the studied objects, however,
with a view to the amount and quality of -the observational material available,
as well as the observability of the individual stars, two of them could be se-
lected for more detailed study. One of them was the peculiar A star w UMa.

2. w UMA

The spectroscopic binary w UMa (HD 94 334, HR 4248, m, = 4.68) is entered
in the catalogue of Blanc et al. (1968) with the following 1900.0 equinox co-
ordinates:

ra = 107 4872 , DEC = +43° 43°;
its galactic coordinates are
1 =177, b= +61935 .
For the proper motion of the object,Olsen (1970) gives the following values:
Ro = 0.42 + 0.012 (s/100 yrs)
DEC = ~2.75 * 0.14 ("/100 yrs)

In the "General Catalogue of Trigonometric Stellar Parallaxes", Jenkins (1952)
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Fig. 1. The positions of stars in a two-colour diagram.

gives a parallax value for star w UMa which yields its distance as 100 pec.
Slettebak (1953) gives an absolute magnitude of M, = +0.7, star radius of

R = 2.6 R, and an effective temperature of its atmosphere of Teff = 10 300 K.
This value agrees well with the calculated values presented in Tab, 1.

3. PHOTOMETRY
Since w UMa is a relatively bright star, the literature contains an abun-

dance of data on its brightness. Photoelectric observations are also available.
Certain selected data are given in Tab. 2. These data indicate that the star
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Table 2.

v B -V U-B V- R R-1I Year Bibliography
4.68  -0.05 1964 18
4.708 =-0.061 -0.073  -0.000  -0.033 1966 15
4.719 -0.047  -0.046 0.045  -0.029 " "
4.716 -0.051 -0.038 0.099  =0.059 " "
4.71  =0.05 -0.05 " "
4.68 -0.053 1966 9
4.68 -0.05 1968 4
4.71  =0.05 . =0.06 " "
4.61  -0.04 -0.11 " "
4.68 -0.053 " "
4.67 -0.05 -0.08 1969 7
4.67 -0.05 -0.08 1970 2
4.68 1974 3

has practically not changed its brightness even over a longer interval of time.
Chemically\peculiar stars display variability as a result of the surface dis-
tribution of elements and star rotation and, consequently, also this Ap fea-
ture has to be determined. Therefore, the star was included in the program of
photoelectric observations with the 60-cm reflector of the Astronomical Insti-
tute of the Slovak Academy of Sciences at Skalnaté pleso. The results of the
observations are now being processed.

4. SPECTROSCOPY

Although w UMa is a sufficiently bright spectroscopic binary, only low-
dispersion spectroscopic observations, mostly limited to determining the
spectral type, have been published in the literature. A detailed chemical
analysis of the spectrum has not been published yet. Batten (1967) determined
the orbit elements and some other physical parameters of the system:

time of periastron passage T = 2 435 185.246
longitude of periastron w = 2793
eccentricity of elliptic orbit e = 0.305

period of orbital motion P = 15.8307 days
semi-amplitude of radial velocity curve * K = 22.2 km/s
radial velocity of systems centre of gravity Vo = -18.7 km/s
mass function f(m) = 0.015

Some other selected data are given in Tab. 3.

Cowley et al. (1969) classified w UMa as a star in which there may be an
overabundance of silicon, but not enough to be able to designate the star as
peculiar. They used spectrograms with a dispersion of 125x10-7 in H?.for the

13

© Astronomical Institute of the Slovak Academy of Sciences + Provided by the NASA Astrophysics Data System



classification.

Table 3.
‘Spectrum v.sin i Vo P Year Bibliography
(km/s) (km/s) (days)
AV 15 15.8 1953 22
ATV -18.6 16 1961 8
ATV 1961 17
ATV 1964 13
A1V 1966 15
ATV 1966 9
A0 -18.7 15.8307 1967 1
Al Vs Si 1969 7
AV 26 1970 24
-17.4 1970 21
15 1970 2
Al Vs Si 1974 3 from 7

5. UV SPECTRUM

The star o« UMa was observed in the UV region of the spectrum by the
spectrometer of the TD-1 satellite. The results of the observations of fluxes
in the spectral region of A1 138 - 254 nm were published by Jamar et al. (1976)
in "UV Bright-Star Spectrophotometric Gatalogue".

The comparison of the UV continuum of w UMa with the normal star « Lyr
clear indicates a smaller decrease of the spectrum of the former star in the
interval under 170 nm, and also that its spectrum is affected more by absorp-
tions.

6. OBSERVATIONAL MATERIAL
)

The spectroscopic observational material consists of 14 spectrograms. The
spectrograms with a dispersion of 8.51{10'7 were obtained in the coudé focus
(f = 64 m) of the 2-m reflector of the Astronomical Institute of the Czecho-
slovak Academy of Sciences in Ondrejov, and those with a dispersion of 9::10'7
also in the coudé focus of the 2-m reflector at the National Astronomical
Observatory of the Bulgarian Academy of Sciences in Rozhen. The spectrograms
cover the spectral region from 360 to 490 nm. A more detailed description of
the observational material is given in Tab. 4, Column 1 of which gives the
spectrogram number, Column 2 the observatory designation (0 = Ondrejov, R =
= Rozhen), Column 3 the UT of the middle of the exposure, Column 4 the appro-
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priate date, Column 5 the length of the exposure, and Column 6 the emulsion used.

Table 4.
Plate No. Observatory Time UT Date  Duration Emulsion
Kodak
2039 0 23" 29® 1975 02. 16. 80" I1a0B
2045 0 22 09 " " 20. 60 "
2058 0 04 09 " " 23 60 "
2060 0 21 23 " " " 60 "
2062 0 01 47 " " 24. 40 "
2064 (o} 00 19 " " 26. 80 "
2072 0 01 14 " " 28 40 "
2094 0 02 14 " 03. 07. 40 "

. 2135 0 21 55 " 05. 09. 39 "
2137 0 22 24 " " 10. 40 "
4488 (¢} 19 41 1982 04. 17. 30 IIa0H2
2K-1297 R 04 24 " 11. 02. 10 "IIa0
2K~-1320 R 04 09.5 " " 04. 10.5 "
2K-1394 R 05 06 1983 01. 07. 16 "

All spectrograms were microdensitometrically recorded with direct recording
of the intensities (Minarovjech et al., 1983). Of the intensity records, the
7 best were selected, most suitable for identifying the spectral lines. The
identification was made directly on the records with the aid of comparative
lines, the positions of which were directly recorded by hand on the records by
means of a pen. All identifications were made using the papers by Moore (1945)
and Zi#novsky (1980). The equivalent width was calculated for each identified
spectral line, the line profiles being approximated by triangles. To eliminate
the effect of inhomogeneities in calibrating the spectrograms on the values of
the equivalent widths of spectral lines, all the equivalent widths of the indi-
vidual lines were normed with respect to the equivalent widths of H and H
lines, the following notations being introduced:

W - unnormed equivalent width of a given line;

W/WH - normed equivalent width;

Wy = 1/2 « Wy . x1073 = (1/2 . Wy + 1/2 . Wy Jx1073
H Hy Hy Hy Hy

The areas of the profiles of the hydrogen lines were measured by means of a
planimeter.

7. RESULTS OF MEASUREMENTS

The results of spectral line identification are given in Tab. 5. Column 1
gives the wavelength in nm, Column 2 the designation of the appropriate ion,
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Cblumn 3 the number of the multiplet, and the other columns give the equiva-
lent width of the particular line in picometres "W" and the corresponding va-
lue of "W/WH " for the spectrogram involved. Besides this, hydrogen lines

Hg - H18 were identified in the spectrum. If the particular line has been
identified in the spectrum, but its equivalent width cannot be measured, there
is a hyphen in the appropriate column of Tab. 5. If the line is absent from
the spectrum, the space is left blank. Blended lines are indicated by paren-
theses. )

The equivalent widths of silicon lines Si II 1 A3385.4, 385.6 and 386.3
nm and Si II 3 AR412.8 and 413.1 nm were compared with those of the same lines
of the normal star o« Lyr, published by Strom et al. (1966). Our values are
1.88 times higher on the average. Table 6 gives the equivalent widths of sili=-
con lines for the individual spectrograms compared with the values of the nor-
mal star of Lyr. The last column of this table gives the broadening coefficient
of the w UMa star line as compared to the standard star o Lyr.

Table 6.
Wavelength Atom Multiplet WuUMa
(nm) o Lyr 2039 2045 2062 2072 1297 1320 1394 wUMa/gLyr

385.4 Si II
385.6 Si II
386.3 Si II
412.8 Si II
413.1 Si II

4,57 8.4 9.5 T.4 7.7 9.7 6.6 2.5 1.62
14.79 16.4 20.2 11.1 13.4 20.9 21.5 17.2 1.17
9.55 10.7 11.1 8.6 7.4 18.9 18.0 18.8 1.40
6.76 13.7 15.9 10.8 9.8 21.0 29.8 23.9 2.64

6.61 18.7 14.0 9.7 8.9 18.1 25.0 25.2 2.59
1.88

W W - - -

The equivalent widths of the lines in Tab. 5 and their normed values vary
over a considerable range in the individual spectrograms. If one also consi-
ders the broadening of the silicon lines as compared to the standard, together
with the appearance of the UV spectrum of star w UMa, the star can be classi-
fied as chemically peculiar with an Si-type peculiarity.

The study of the changes on the equivalent widths will be the subject of
research to be reported elsewhere.
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