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3BE3OHBIE MACCBI I PAONYCHI OIIPEJEJIEHHBIE IT0 COBPEMEHHBIM JAHHBIM
O JBOVHBIX CUCTEMAX

Co6paHsl ¥ IpO2aHAM3APOBAHEI TOYHEIC JaHHBIE IO pa3MepaM M MaccaM 3aTMEHHBIX ABOMHBIX, HallleHHbIe

B acTPOHOMHMYECKO# JmTepaType mocie 1980 roga. BeiBemeHB! HPOCTHIE AIMIPOKCAMAIAOHHbBIC (GOPMYIHI

cBs3pIBaromme 3(GQEeKTHBHYIO TeMIepaTrypy B IPyTrde€ OCHOBHBIE BEJMYMHBI (Maccy, pammyc, OOJIOMETpH-

YECKYIO 3BE3/HYI0 BemmumHy). CpeiEwe W SKCTpeMajbHbIC 3HAYCHWS NS KaXKIOrO CHEKTPajbHOTO Kilacca

NAroTca Toxke B BHAE TaOymipl. CIOellaHo CpaBHEHWE C APYFEMH JaHHBIMHE, COOpaHHBIMHA paHbme. KopoTko

00CYXIaeTCA BIMAHAS YIyYIMEeHHEIX JAaHHBIX Ha OUIpele/IeHHe KPATHYECKNX IEPHONOB M CKOPOCTE BPAIECHAS
JUIA 3Be37 PAHHHX CHEKTPaJIbHBIX KJIaCCOB.

Accurate data on absolute dimensions of eclipsing binaries published in the astronomical literature since

1980 are collected and analyzed. Simple approximation formulae relating the effective temperature with

other basic physical parameters (mass, radius, bolometric magnitude) are derived. Mean and extreme values

of these parameters for each spectral type are also tabulated. Comparison with some previous data sets

on stellar masses and radii is carried out and the implication of improved data for the problem of critical
rotational periods and equatorial velocities of early-type stars is briefly discussed.
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1. Introduction

Our present knowledge of accurate stellar masses,
radii and other basic physical parameters rests almost
exclusively on the data derived from the orbital and
light-curve solutions for some ‘“‘well-behaving” de-
tached binaries. Popper (1980) published an excellent
critical compilation of available accurate data on
absolute dimensions of binaries. His study has been
the best and the most reliable source of information
about stellar masses and radii. However — since
Popper has not published either approximation
formulae or a table of mean values for each spectral
class — some investigators preferred to use other
sources. For instance, students of B-type stars have
often used the tabular data on masses and radii
published by Underhill (1982).

At about the same time when Popper published
his review, the new revolution in stellar astronomy
(caused by the introduction of signal-generating
detectors into stellar spectroscopy and by a massive
use of computers) began. Several groups of investi-
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gators started systematic spectroscopic and photo-
metric observations of eclipsing binaries. To date,
they have published quite a significant number of
new data on absolute dimensions of component stars
based on accurate observations and sophisticated
data analyses. In most cases, these new data are
superior to the data, which were available to Popper
before 1980.

The first evaluation of new observational data for
OB stars has recently been published by Hilditch and
Bell (1987). Their study mainly deals with the mass-
-luminosity relation and some evolutionary considera-
tions.

It is often useful to know normal stellar masses,
radii and luminosities as a function of spectral type.
Accurate knowledge of these data can be critical
for the evaluation of critical rotational velocities
and periods of stars, for instance. This is, why I
decided to collect and analyze accurate data on stellar
masses and radii and derive some simple approxima-
tion formulae between various parameters. I am
publishing this compilation for the convenience
of other interested colleagues and to demonstrate
that the improvement of our knowledge of masses
and radii of stars may have a serious impact on the
understanding of some phenomena.
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2. New Data On Absolute Dimensions

Table 1 is a collection of new accurate data on
stellar masses, radii, bolometric magnitudes, spectral
types and projected rotational velocities, which I
was able to find in the astronomical literature pub-
lished since 1980. My compilation is in all probability
incomplete, but it should be fairly representative as
I tried to include the main series of papers published
by the most active investigators in the field, which
were available to me by the end of 1987.

As reliable data on the O and early B stars are still
rather rare, I have also included some data on these
stars, which are definitely less accurate than the
typical data of Table 1. Generally speaking, the most
accurate are the data on detached systems included
in Part A of the Table. The accuracy is correspond-
ingly lower for semi-detached and contact (or nearly
contact) systems included into Parts B and C of the
Table, respectively. The data are arranged in order
of increasing right ascension in each part of the Table.

The Sun is added at the end of the Table, adopting
the values T, = 5780 K (log T, = 4:762) and M, =
= 4-69™ following Popper (1980). For the same
reason of consistency I have recalculated all bolo-
metric magnitudes and surface gravities in Part A
of Table 1 from the effective temperatures, radii and
masses accepted by the original authors using the
formulae

(1) M, = 4231 — 510g R/]Ry — 101log T, ,
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and
(2) logg = 4438 + log M/M, — 21og R/R,
[CGS],

which are based on the above-quoted values for the
Sun. For non-spherical stars of Parts B and C of Tab.1,
these quantities were only re-calculated (using formu-
lae (1) and (2)) if they were not given by the original
authors.

3. Mean Data and Approximation Formulae

To derive masses, radii and bolometric magnitudes
of normal main-sequence stars for each spectral
subclass, I considered the data of Part A of Tab. 1
and also the data of Popper’s (1980) Tabs 2, 4, 7, and
8, omitting, of course, those binaries, for which more
recent data are available in Part A of Tab. 1 here.
For convenience, the data adopted from Popper are
reproduced in condensed form in Tab. 2. My, and
log g (not given by Popper) were again calculated
using formulae (1) and (2). The data in Tab. 2 are
arranged in the sequential order of Popper’s Tabs 2,
4, 7, and 8. Altogether, 169 data points were con-
sidered.

The second step of the analysis was that I conserva-
tively omitted all stars with log g smaller than 3-9
[CGS] to exclude probable subgiants from the sample.
(This criterion may appear a bit too crude for OB
stars and too weak for late-type stars, but I found
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Fig. 1. Logarithm of stellar mass (in solar units) as a function of effective temperature. New data from Tab. 1 (Part A) are shown
as black circles, those from Popper (1980) as white circles (see the text for details). The mean relation (3) is shown as a solid line.
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Fig. 2. Logarithm of stellar radius (in solar units) as a function of effective temperature. Notations as in Fig. 1.
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Fig. 3. Bolometric magnitude as a function of effective temperature. Notations as in Fig. 1.

it quite practical in application to the data available
in Tabs. 1 and 2.) Another precaution was to omit all
known Am stars and consider them separately. All
.the remaining 140 stars were used in constructing
Figs 1 to 3, where the mass and radius (in logarithmic
representation) and bolometric magnitude are shown
as functions of the effective temperature. The data
of Tab. 1 (Part A) and Tab. 2 are shown using different
symbols. It is seen that all three functions are well
defined by the available data, the scatter being rea-
sonably small in all cases. At the same time, all three
functions are significantly non-linear even in the
logarithmic representation used, having inflections
at both high-temperature and low-temperature ends.

The following polynomial approximation (obtained
by the least-squares fit to the data via Chebyshev
polynomials) were found to provide a good fit to the
data over the whole range of effective temperatures:

€
log M/Mo = (((—1-744951X + 30-31681) X —
— 196-2387) X + 562:6774) X — 6040760,
log R/Rg = (((—0-8656627X + 16-22018) X —~
— 112-2303) X + 341-6602) X — 387-0969 ,
and

My, = (((4328314X — 81-10091) X +
+ 561-1516) X — 1718-301) X + 1977795,
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Basic parameters of stars from Popper’s (1980) compilation, which were considered here. The stars with log g smaller than 3-9

were not used to the construction of the mean relations (3).

Sp. type log To¢¢ M/Mg log M/Mg, R/Rg log R/Rg logg M, Binary
B9 4-063 3-61 0-558 4-39 0-642 3-711 —1-53 Chi 2 Hya
A0 4-005 2-64 0-422 2:-16 0-334 4-191 0-59
B8 4-088 3-31 0-520 2-70 0-431 ° 4-095 —073 AS Cam
B9 4-001 2:51 0-400 2-:00 0-301 4-236 0-80
B9 4-015 2:75 0-439 2-44 0-387 4-103 0-22 RX Her
A0 3-985 2-33 0-367 1-96 0-292 4-221 1-00
B3 4-048 2:48 0-394 1-83 0-262 4-308 0-52 AR Aur
B9 3-997 2-29 0-360 1-83 0-262 4-273 1-03
Al 3:955 235 0-371 2-49 0-396 4-017 0-78 Beta Aur
Al 3-955 2-27 0-356 2-49 0-396 4-002 0-78
A7 3-885 2-28 0-358 3-62 0-559 3-679 0-67 SZ Cen
A7 3-878 2:32 0-365 4-55 0-658 3-487 0-24
A7m 3-890 2-10 0-322 3-00 0-477 3-806 1-02 V 624 Her
ATm 3-882 1-80 0-255 2:20 0-342 4-008 1-78
A8m 3-880 2:00 0-301 2:50 0-398 3943 1-52 RR Lyn
FO 3-850 1-55 0-190 1-93 0-286 4-057 2-38
AS5m 3-910 1-98 0-297 1-89 0-276 4-182 1-83 WW Aur
ATm 3-890 1-82 0-260 1-89 0-276 4-145 2:03
A2m 3-935 1-88 0-274 1-59 0-201 4-309 1-95 CM Lac
Fo 3-855 1-47 0-167 1-42 0-152 4-301 3-00
FOm 3-848 1-81 0-258 2:20 0-342 4-011 2-12 MY Cyg
FOm 3-845 1-78 0-250 2-20 0-342 4-004 2-15
A2m 3-940 1-78 0-250 1-52 0-182 4-325 2:00 V 477 Cyg
F2 3-820 1-34 0-127 1-20 0-079 4-407 371
FO 3-840 1-68 0-225 2-54 0-405 3-854 1-89 EI Cep
F2 3-827 1-78 0-250 2-80 0-447 3-794 1-80
A8m 3-875 1-76 0-246 1-88 0-274 4-135 2-19 XY Cet
A9m 3-860 1-63 0-212 1-88 0-274 4-102 2-34
F2 3-824 1-72 0-236 2:22 0-346 3-981 2-34 ZZ Boo
F2 3-824 1-72 0-236 2-22 0-346 3-981 2:34
A8m 3-863 1-62 0-210 1-58 0-199 4-250 2:69 TX Her
F2 3-827 1-45 0-161 1-48 0-170 4-259 3-19
F2 3-830- 1-52 0-182 2-11 0-324 3-971 2-39 CW Eri
F2 3-820 1-28 0-107 1-48 0-170 4-205 3-26
F5 3-800 1-51 0-179 2-26 0-354 3-909 2-54 RZ Cha
F5 3-800 1-51 0-179 2:26 0-354 3-909 2-54
F8 3-785 1-27 0-104 1-48 0-170 4-201 3-61 BK Peg
F38 3-780 1-43 0-155 2-:03 0-307 3-978 2-97
F17 3-798 1-40 0-146 1-74 0-241 4-103 3-13 CD Tau
F7 3-798 1-31 0-117 1-61 0-207 4-142 3-30
F2 3-820 1-39 0-143 1-50 0-176 4-229 3-23 TV Cet
F5 3-803 1-27 0-104 1-26 0-100 4-341 3-78
FS5 3-808 1:37 0-137 1-44 0-158 4-258 3-44 BS Dra
F5 3-808 1-37 0-137 1-44 0-158 4-258 3-44
F5 3-810 1-34 0-127 1-36 0-134 4:298 3-54 HS Hya
F5 3-803 1-28 0-107 1-22 0-086 4-372 3-85
F5 3-812 1-23 0:090 1-35 0-130 4-267 3-54 VZ Hya
Fé6 3-798 1-12 0-049 1-12 0-049 4-389 4-08
F8 3-785 1-17 0-068 1-28 0-107 4-292 3-62 UX Men
F8 3-782 1-11 0-045 1-28 0-107 4-269 3-95
F8 3-785 1-12 0-049 1-34 0-127 4-233 3-82 WZ Oph
F8 3-785 1-12 0-049 1-34 0-127 4-233 3-82
G2 3-768 0-99 —0-:004 1-08 0-033 4-367 4-46 UV Leo
G2 3-768 092 —0-036 1-08 0-033 4-335 4-46
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Table 2 (Cont.)

Sp. type log Toee M[Mg log M/Mg RRg log R/Rg log g M, Binary
M1 3-576 0-59 —0-229 0-62 —0-208 4-624 7-59 YY Gem
M1 3-576 059 —0-229 0-62 --0-208 4-624 7-59
M4 3-500 0-24 —0-620 0-25 —0-602 5-022 10-32 CM Dra
M4 3-500 0-21 —0Q-678 0-235 —0-629 5-018 10-45
09-8 4-485 167 1-223 6-0 0-778 4-104 —6-43 Y Cyg
09-8 4-485 16-7 1-223 6-0 0778 4-104 —6-43
09-8 4485 156 1-193 73 0-863 3-904 — 686 V 478 Cyg
09-8 4-485 156 1-193 73 0-863 3-904 —6-86
B0-4 4-470 14-5 1-161 8-6 0934 3730 —17-06 V 453 Cyg
BO0-7 4-445 11-3 1-053 54 0-732 4-026 —5-80
B0-4 4-470 11-8 1-072 54 0-732 4-045 —6°05 CW Cep
BO07 4-445 11-1 1-045 50 0-699 4-085 —564
B15 4-390 10-8 1-033 81 0-908 3-654 —6-13 Alpha Vir
B4 4-230 68 0-833 4-4 0-643 3-984 —3-21
B3 4-255 6:10 0-785 4-05 0-607 4-008 —3-28 CV Vel
B3 4-255 6-:00 0-778 4-05 0-607 4-001 —3-28
B3 4-300 590 0-771 2:90 0-462 4-284 —3-00 BM Ori
B5S 4-220 516 0-713 343 0-535 4-080 —2-57 U Oph
BS5 4-200 4-60 0-663 3-11 0-493 4:115 —2-15
B4 4-245 4-53 0-656 3-00 0-477 4-140 —2-53 AG Per
BS 4-210 4-12 0-615 2:60 0-415 4-223 —1-87
G38 3-745 1-11 0-045 1-02 0-010 4-463 4-81 ADS 10 598
G8 3-745 1-11 0-045 1-02 0-010 4-463 4-81
F17 3-794 1-19 0-076 1-22 0-085 4-344 3-95 Delta Equ
F7 3-794 1-19 0-076 1-22 0-085 4-344 395
Fo 3-782 1-19 0-076 1-38 0140 4:234 379 12 Per
F9 3-770 1-04 0-017 1-23 0-090 4-275 4-16
Al 3-975 2:20 0-342 1-68 0-225 4-330 1-43 Alpha CMa
F5S 3-816 1-77 0-248 2:06 0-314 4-058 2-58 Alpha CMi
GO 3765 1-25 0-097 2:24 0:350 3-834 2:91 Zeta Her
KO 3-735 0-70 —0155 0:79 —0-100 4-483 5-46
G2 3-755 1-14 0-057 1-27 0-105 4:285 4-23 Alpha Cen
Ko 3-700 0-93 —0-032 0-94 —0-025 4-457 5-44
FO 3-826 1-08 0-033 1-35 0-130 4:211 3-40 Gamma Vir
FO 3-826 1-08 0-033 1-35 0-130 4-211 3-40
GO 3777 0-91 —0-041 0-98 —0-010 4-417 4-59 Eta Cas
MO 3-590 0-56 —0-252 059 —0-230 4-646 7-56
G8 3-745 0-90 —0-046 0-77 —0-115 4-623 5-44 Ksi Boo
K4 3-645 0-72 —0143 055 —0-260 4-815 7-16
KO0 3721 0-84 —0:076 079 —0-100 4-563 5:60 70 Oph
K5 3-631 0-61 —0-215 068 —0-170 4453 685
K3 3-685 0-78 —0-108 0-58 —0-240 4-811 666 HR 6426
K5 3:622 0-54 —0-268 0-60 —0-220 4-610 7-19
M 45 3-538 0-42 —0-377 043 —0-370 4-800 878 Wolf 630
M 45 3-538 0-42 —0377 0-43 —0-370 4-800 878
M3 3:546 0-30 —0-523 0-37 —0-430 4775 9:00 Fu 46
M 3-5 3-528 0-30 —0-523 0-39 —0-410 4-735 9-08
M3 3-518 0-28 —0-553 035 —0-460 4-304 9-43 Kr 60
M 45 3:503 0-16 —0:796 023 —0640 4-922 10-48
M4-5 3-520 0-16 —0:796 0-22 —0-660 4-961 10-41 o2 Eri BC
M55 3:443 0-11 —0-959 016 —0-790 5060 11-83 L 726—8
M55 3:425 0-11 —0-959 015 —0-820 512 12-16
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where
X = log Tess -

These formulae are defined for 4-62 = log T, =
> 3-425. They are shown as solid lines in Figs 1 to 3.

The following approximation formulae were derived
using only new data in Part A of Tab. 1 (54 stars):

)
log M[Mg = ((1-771141X — 21-46965) X +
+ 88-:05700) X — 1216782,
log R/R¢g = ((2-166639X — 26:91528) X +
+ 112-1089) X — 156:1170,
Mo = ((—10-83320X + 134-5764) X —
— 570:5446) X + 8228952,

where again
X = log Ty -
They are only defined in the more limited range of
4-62 = log T = 371

The accuracy of the data used certainly varies from
star to star and one could consider assigning different
weights to the individual data points. I am afraid,
however, that the formal errors of the data, given by
the original authors, do not properly reflect the
inherent accuracy in every case. Generally speaking,
it is not easy to find an objective way of assigning
weights to the data based on combined spectro-
scopic and photometric observations. Given the
reasonably small scatter in Figs 1 to 3, I therefore
preferred a conservative approach to the analysis
and used unweighted data to determine the approxi-
mation formulae (3).

To characterize the present uncertainties in the
determination of the basic physical parameters con-
sidered here, and to provide a practical table of mean
values for future use, I constructed Table 3, which
contains mean as well as extreme observed values of
mass, radius, and bolometric magnitude for each
spectral subclass, and also mean values calculated
using formulae (3) and (4) and Popper’s (1980) scale
of effective temperatures (which is still satisfactory
and accepted by most investigators in the field).
In my opinion, the mean values calculated via formulae
(3), which represent smoothed averages defined by
the whole body of available data, give the best available
estimates of the mean masses, radii and bolometric
magnitudes of normal main-sequence stars, and should
be used in future applications. It is clear, however,
that rather large uncertainties still remain for stars of
spectral types earlier than B2 and later than KO.

Vol. 39 (1988), No. 6

Only obtaining absolute dimensions for more detached
binaries in these spectral ranges can improve the
situation. Note, in particular, the rather critical
discrepancy between Popper’s (1980) scale of effective
temperatures and the spectral classification of L 726 —8
(see his Tab. 8), the system which defines the cool
end of the sequence. Both components are classified
M 5-5V, but their quoted effective temperatures
would correspond to M 7 and M 8, respectively.

It is, however, encouraging to note the very good
mutual agreement of the values calculated from all,
and only new data, notably even outside the range
of applicability of formulae (4). This in a sense
justifies the conservative approach to the analysis
used and increases the credibility of the mean values
derived here.

4. Comparison With Some Other Compilations

Two sources of data on masses and radii of stars
have been widely used besides Popper’s (1980) com-
pilation, namely StraiZys and Kuriliene (1981) and
Underhill (1982). The mean masses and radii from
both compilations are compared with the mean
relations (3) derived here in Fig. 4a, b, using the scales
of effective temperatures defined by the respective
authors. The comparison of the data by StraiZys and
Kuriliene illustrates well the uncertainties at both
ends of the spectral sequence. Otherwise, the mutual
agreement is acceptable, the slight systematic differen-
ces observed lie within the scatter defined by the
observational data (compare Figs 1 and 2 to Fig. 4).
This is not true for the masses and radii of B stars com-
piled by Underhill. Her values for all mid-B stars lie sys-
tematically above the range of values defined by the
observational data used here, and these differences
cannot be accounted for by the slight differences
between Underhill’s and Popper’s scale of effective
temperatures. As it will be demonstrated below, the
revision of the masses and radii will have some
important consequences for understanding B stars,
because Underhill’s values were widely used in the
recent astronomical literature dealing with B and Be
stars.

5. Critical Rotational Periods And Break-Up
Velocities of B Stars

The importance of the improved values of masses
and radii of normal stars can be demonstrated on the
particular example of critical rotational periods and
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Fig. 4. Comparison of the mean relations (3) derived here with the mean masses (a) and radii (b) of normal main-sequence stars
tabulated by StraiZys and Kuriliene (1981) (black circles) and by Underhill (1982) (white circles).

break-up velocities of B stars. Table 4 compares
Underhill’s and the new data. The critical (minimum
stable) rotational periods P,;, and equatorial break-up
velocities V,;, were calculated using the well-known
formulae

(5)  Peric = 0-1159R[Ro((R/Ro)[(M[Mo))' /2

and

(6) Verie = 436'6(M/Mo)/(R/R o))" .

There is, however, a certain problem with the appli-
cation of formulae (5) and (6) to data obtained
statistically. It is clear that stars rotating near break-
-up must be rotationally flattened so that their
equatorial radius R, should be entered for R in (5) and
(6). As long as the Roche model for a single star can
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be considered as a good approximation of the star’s
surface, the relation between the polar (R,) and
equatorial radius is R, = 1-5R, for the stars rotating
at break-up, but decreases rapidly to R, = R, for
decreasing rotation rates. The polar radius of a rotat-
ing star is nearly identical with the radius of a corre-
sponding non-rotating star (c.f. Stoeckley and Bus-
combe 1987). On the other hand, it is usually either an
equatorial or mean radius that is determined for
eclipsing binaries.

To bracket the uncertainties discussed above, I have
tabulated the critical velocities and periods in Tab. 4
for the two extreme assumptions i.e. taking R, = R
and R, = 1-5R.

The differences between Underhill’s and the new
values are quite significant as can be documented
on the example of the Be star LQ And. Percy (1983)
reported periodic light variations of this B 3—4e star
with a period of 0-31 days and argued that this period
is too short to be the rotational period of the star,
referring to the mean masses and radii compiled
by Underhill. A brief inspection of Tab. 4 shows
that his conclusion is less certain with regard to
the new data — a period of 0-3 days being at the
margin of the rotational periods permitted for a B 4
main sequence star.

LQ And was the only Be star with a well-determined
photometric period, which was considered too short
to be the rotational period, all other well determined

Vol. 39 (1988), No. 6

photometric periods of Be stars falling safely into
the range of the permitted rotational periods — so
the importance of the present finding is thus quite
clear.

Yet another comment is interesting in this connec-
tion. I argued (Harmanec 1983, 1984) that the photo-
metric variations of LQ And can be reconciled better
on the assumption of a double-wave light curve with
a period of 0-62 days. Note that the primary of the
contact binary RZPyx, a B4 star (see Tab. 1C)
rotates synchronously with an orbital period of 0-656
days, a value remarkably close to my preferred value
for LQ And. This may indicate (as expected) that the
critical periods and break-up velocities in column
“1-5 R” of Tab. 4 are closer to reality.

In any case, it is clear that Underhill’s mean values
of masses and radii should no longer be used.

6. Spin-Orbital Synchronization;
Synchronization at Periastron
Versus Pseudosynchronization

Hut (1981) has developed a concept of pseudo-
synchronization for binaries in eccentric orbits. He
took into account the fact that the tidal interaction is
strongest near periastron. For an exact synchroniza-
tion at periastron, the observed projected rotational
velocity vpssin i (in km s~ ') is given by

Table 4

Comparison of masses and radii of main-sequence B stars plus corresponding critical rotational velocities (in km s~ and
periods (in days) compiled by Underhill (1982) with the data derived here.

Underhill (1982) This paper
Spectral

class log M/MG R/RQ Vcrit Pcrit log T:;-%- M/MO R/RO Vcrit Pcrit

Tegs R 1-5R R 1I'5R R 15R R 15R
BO 4-488 16-8 4-475 14-57 580 692 565 0425 0779
B0'5 4-466 14-3 82 577 470 0720 1-322 4-455 13-19 5-46 679 554 0-407 0-748
B1 4-430 10-4 6-8 540 441 0-637 1-171 4-418 11-03 4-91 654 534 0380 0-698
B 15 4410 13-6 63 642 524 0497 0913 4-391 9-73 4-57 637 520 0-364 0-667
B2 4-358 10-3 6-0 572 467 0-531 0975 4-364 8-62 4-28 620 506 0-349 0-642
B2'5 4309 10-4 52 618 504 0426 0-783 4-322 7:20 3-88 594 486 0-331 0606
B3 4-268 8-8 51 574 468 0-450 0-827 4-280 6:07 3-56 571 466 0-315 0-580
B4 4-213 68 47 525 429 0453 0-832 4-235 512 3-26 547 447 0-302 0-554
BS5 4-181 55 4-7 472 386 0:504 0925 4-190 4-36 3-01 525 429 0290 0-533
B6 4-138 47 4-5 446 364 0-510 0-938 4-149 3-80 2-81 508 415 0;280 0-515
B7 4-113 5-0 39 494 404 0399 0-733 4-112 3-38 2:65 493 403 0-271 0-500
B8 4-076 39 36 454 371 0401 0736 4-063 291 2-44 476 389 0259 0-476
B9 4-038 2-4 31 384 314 0408 0-750 4-015 2-52 2:25 462 377 0247 0453
B95 4009 2:6 2:7 429 350 0319 0-586 3-995 2-38 2:17 457 373 0241 0-441

*) After Popper (1980)
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Fig. 5. A histogram of the orbital periods of eclipsing binaries from Tab. 1 and from Popper (1980) in the range from 0-6 to 5-0
days.

(7) vpssini = (1 + e)?/(1 — e*)*?vgsin i, synchronized) v sin i for the majority of stars supports
where the assumption that the rotational and orbital axes
8) vg = 50~615(R [Ro)/P are indeed coplanar in most real binaries. There are,

is the usual synchronous rotational velocity, e being
the orbital eccentricity, P the orbital period (in days),
and i the inclination of the rotational axis. Hut’s
pseudosynchronous rotational velocity (see his formula
(42)) vpspupo is smaller than veg given by (7) for all
non-zero eccentricities, attaining the minimum value
of 0-799vps for e = 0-308 and being smaller than
0-825v,¢ for all eccentricities larger than 0-16. To my
surprise, the observed projected rotational velocities
of most systems of Table 1 with non-zero eccentricities
seem to indicate that synchronization at periastron,
rather than pseudosynchronization, occurs for most
of real binaries. Consequently, assuming coplanarity
of rotational and orbital axes, I calculated synchronous
and (in cases of non-zero eccentricity) at periastron
synchronized projected rotational velocities for all
systems of Tab. 1, for which the observed projected
rotational velocities are available. I have also calcula-
ted the differences between the observed and calculated
values expressed in the units of errors of the observed
vsini given by the original investigators (columns
O-S8, and O—PS of Tab. 1). If no error was given
in the original paper, I assumed that the error was
ten per cent of the value of v sin i.

An inspection of Tab. 1 reveals that there is indeed
a strong tendency to synchronous rotation for bina-
ries with circular orbits, and to synchronization at
periastron for binaries with larger orbital eccentrici-
ties (within the limits of about double the quoted
errors of vsini). It is also clear that synchronous
rather than at periastron synchronized rotation is
observed in systems with orbits of low eccentricity
(which seems natural considering that only small
changes of the mutual attractive force of the compo-
nents occur during the orbital motion in such systems),
and for some late-type stars (c.f. primary of V 1143
Cyg, secondary of EK Cep, both components of
Al Phe), which is not as apparent a result.

Indirectly, the generally good agreement of the
observed and predicted (synchronized or at periastron

however, several strangers in Tab. 1, which seem to be
in slower than synchronous rotation, and some OB
stars with a high rate of angular rotation, many
times exceeding the synchronous rate. Such objects
deserve further detailed studies.

7. Miscellaneous Comments

A. Preferred orbital periods? When compilling
the data of Tabs 1 and 2, I realized the frequent
occurrence of certain values of the orbital periods.
Figure 5 is a histogram of the orbital periods for
the (most numerous) binaries with periods between
0-6 and 5days. The binaries of Tab. 1 and from
Popper (1980) were considered. It is indeed seen that
there are certain preferred periods. There are, for
instance, 11 systems (i.e. 125 per cent of the sample)
with orbital periods between 1-6 and 1-8 days, 10
systems (114 per cent) with periods between 2-7 and
29 days or 12 systems (13:6 per cent) with periods
between 3-9 and 4-2 days. The total sample of 88
systems was divided into 44 bins of 0-1 day in period.
On the assumption of a homogeneous distribution,
one would expect 2 systems (i.e. 2-3 per cent) per one
bin, i.e. 4 systems between 1-6 and 1-8 days, 4 systems
between 2-7 and 2-9 days, and 6 systems between 3-9
and 4-1 days. It is possible, in such a relatively small
sample, that the apparent peaks in the period dis-
tribution are not statistically significant.

If real, they could be caused either by a different
probability of discovery or by some physical cause
(like spin-orbital resonances during formation, or
evolution of the binaries in question). It is interesting
to note that one of the systems with its orbital period
close to 4 days is Spica, for which there is firm evidence
of travelling bumps in the line profiles, which were
interpreted as being due to non-radial pulsations
with two modes, which are in resonance with the
interior rotation rate, the orbital rate, and one another
(Smith 1985).
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Table 5
Mean and extreme observed absolute dimensions of Am stars
Spectral Mass Radius My,
1 lOg Tc:'l
class Min Max Mean Min Max Mean Min Max Mean No
A2m 3-943 1-78 2:20 1-95 (13) 1-52 2-49 1-87 (31) 2-00 0-88 1-61 (37) 3
A3m 3932 1-98 2-01 2-:00 (1) 2:02 2:13 2:09 (4 1-65 1-36 1-55 (10) 3
ASm 3911 1-98 1-89 1-83 1
A7m 3-890 1-8 2-1 1-91 (10) 1-89 3-0 2:36 (33) 2:03 1-02 1-61 (30) 3
A8m 3-875 1-62 2-00 1-79 (11) 1-58 2-50 1-99 (27) 2:69 1-52 2-13 (34) 3
A9m 3-859 1-63 1-88 2-34 1
FOm 3-844 1-78 1-81 1-80 (2) 2-20 2:20 2-20(0) 2-15 2:12 2:14(2) 2

All masses and radii are in solar units.

B. The metallic-line stars Table 5 summarizes the
masses, radii and bolometric magnitudes of Am stars.
Their effective temperatures (and inferred spectral
types) are usually based on their observed photo-
metric colours. It is interesting to note that the mean
observed masses and radii of Am stars decline only
little along the observed spectral range from A2m
to FOm. It is even conceivable that these quantities
(radii in particular) are nearly the same for all spectral
subclasses. The mean values over all Am stars con-
sidered here are M = 1-885 My and R = 2:069 R,
which corresponds to a normal A 4-5 star in mass
but an A 2 star in radius.

C. Subgiants and giants No attempt is made here
to define some mean parameters for the stars above
the main sequence. This is because the available sample
contains many semi-detached and contact binaries,
for which the radii of component stars are determined
by the binary orbital period and mass ratio. Such
stars can have different masses depending on the
evolutionary stage of the system. In any case, the
relevant information can be found in Tab. 1. It is
notable that the parameters of stars in some early-
-type semi-detached or contact systems do not differ too
much from the mean relations (3).

D. The Sun Taken at face value, the relations
defined here qualify the Sun as slightly undersized
and undermassive for its effective temperature but the
significance of this result is not clear. Note also that
Popper’s scale of effective temperatures would qualify
the Sun as a G 5 star.
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TEOPETUYECKUE ITPOGYIIN DMUCCUOHHBIX JIMHUW B CIEKTPAX SIJIEP
AKTUBHBIX I'AJIAKTHUK

PaccMOTpeHO HCTeueHre Ta3a W3 sigpa aKTHBHOM raJIaKTHKH B BHZE BETPa IPH yYeTe €ro Harpesa KOPOTKO-

BOJIHOBHM H3JIydeHHEM IIEHTPaJIbHOTO WCTOYHHKA. IIpeamornaraeTcs, 9YTO SMACCHOHHBIE O0JIaka BO3HHKAIOT

B 3TOM rase B pe3yJibTaTe pasBATHA B HEM TEIUIOBOM HeycToMImBOCTH. McCiienoBaHO JBHXKEHHE STUX O0JIaKOB

BO BHYTpEHHEH 30HE 000JIOYEK SOep HMOX HEHCTBHEM CHII CBETOBOTO [ABJICHMS, TPCHHUS, HEHCTBYIOMIErO Ha

00JIaK0 IPH €0 JBIKEHUA OTHOCATEIIFHO MEXO00IaYHOTO Ta3a, X IPaBATAIIMORHOTO IPHTSDKEHAS K IIEHTpaIb-

HOMY 06B€KTy. BoloimEeH paccieT upoduieii BOTOpOIHBIX JIHM GOPMEDPYIOMuUXCA B 061akax. PaccMoTpenst
CIIy4YaW JBUXCHHSI SMECCHOHHBIX OGJIaKOB BHYTPH TEJECHOTO yrma Qupr 2 ~ 1 m Q2 < 1.

The gas outflow from an active galaxy nucleus is modelled by the stellar wind driven by short wavelength
radiation of the central source. The emission clouds are assumed to arise in this gas due to its thermal
bistability. The motion of emission clouds is calculated in the inner zone of the nucleus envelope. The radiat-
ive pressure, friction due to the relative motion of the cloud with respect to the confining gas and the gravita-
tion of the central body are taken into account. The line profiles of the hydrogen lines radiated by the
clouds are computed for both cases of the narrow stream (£2 < 1) and their motion inside a wide cone (2~ 1).

Key words: active galactic nuclei — Compton driven wind — line profiles

Bull. Astron. Inst. Czechosl. 39 (1988), 345—354.

Publishing House of the Czechoslovak Academy of Sciences * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1988BAICz..39..329H

