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Summary.. Radial velocities of HD 77581 (3 U 0900-40) 
obtainedd from ESO ooudé spectra are presented. The 
revisedd orbital elements are P = 8?959  0?004, e = 0.22 

 0.02 and ƒ(M) = 0.0147  0.0011 MQ. 
Thee profile of H8 behaves similar to that in Cygnus 
X-l ,, i.e. consists of a wide emission component with an 
approximatelyy constant radial velocity and a narrower 
absorptionn component with a periodically variable 
velocity.. Variations in the profiles of H„  and the He I 
liness correlate with the Ha variations. From interstellar 

1.. Introduction 

Thee 6?87 B 0.5 la star HD 77581 is the optical candidate 
forr the 8?95 eclipsing X-ray source 3 U 0900-40 (Hiltner 
etet al, j972). The identification seems well established as 
HDD 77581 shows variations in light and radial velocity 
withh about the same periodicity and phase as expected 
fromm the X-ray variations (Vidal et al, 1973; Jones and 
Liller,, 1973). 
AA rediscussion by Vidal et al. of the radial velocity 
measurementss by Hiltner et al seems to indicate an 
orbitt of considerable eccentricity. Nevertheless, the 
spectroscopicc orbit is not well established since a gap of 
aboutt 0.4 period is present in the observations by 
Hiltnerr et al. 
Inn order to obtain a better radial velocity coverage 
overr the entire period, and to examine whether the Ha 

profilee might be variable in time—as is the case in many 
earlyy B-type supergiants (cf. Rosendhal, 1973)—one of 
uss (E.v.d.H.) obtained 23 high-dispersion coudé spectra 
withh the 152 cm telescope of the ESO, La Silla, Chile, 
betweenn March 31 and April 10, 1973. Table 1 lists 
thee spectra. Ten of the spectra were obtained in the blue 
(dispersionn 12 A/mm) on IlaO emulsion and cover the 
wavelengthh region XX 3400-4900 A. The other 13 plates 
weree taken in the yellow-red on 103aF emulsion and 
**  On leave of absence from the Astronomical Institute at Utrecht. 

featuress a distance of c is derived, which 
yieldss Mv=  -71M . Arguments are presented in-
dicatingg that supergiants in massive X-ray binaries are 
unlikelyy to have suffered appreciable mass loss. The 
massess of the components of HD 77581 are estimated to 
bee ^ 30  5 MQ and £ 2.5  0.3 MQ, respectively. 

Keyy words: X-ray sources — spectroscopic binaries — 
supergiantss — spectrum variations 

coverr the region between XX 4500 and 6800 A (dispersion 
199 A/mm). 
Identificationss and an analysis of the radial velocity 
variationss based on a combination of our data and 
thosee of Hiltner et al are given in Sections 2,3 and 4. 
AA description of the variations of the profiles of Ha, 
H^^ and some He i lines is given in Section 5. Possible 
explanationss of these variations are briefly discussed in 
Sectionn 6. Classification, distance and masses of the com-
ponentss are discussed in Sections 7 and 8. 

2.. Identification and Radial Velocities 

Alll  spectra were measured twice (by EJ.Z.) with the 
Grantt comparator of the Kapteyn Astronomical Labor-
atoryy of the University of Groningen. The spectra were 
alsoo traced with the digitized Faul-Coradi microphoto-
meter/comparatorr of the Utrecht Observatory and— 
afterr Fourier noise filtering—plotted in intensity. As 
thee spectrum closely resembles that of E Ori (B 0 la) we 
usedd for identification the detailed linelist of this star 
givenn by Lamers (1972). The following comments can 
bee added to the identifications. No Balmer lines are 
visiblee beyond H16; Mgu4481 is weakly visible: the 
unidentifiedd line at A 6290 is clearly variable and is 
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354 4 E.. J. Zuidcrwijk el ai. 

thereforee expected to be of circumstellar origin. Diffuse 
interstellarr bands are present near AA4430, 5782, 5797 
andd 6284 A. 
Thee radial velocities of the strongest hydrogen and 
heliumm lines are listed in Table 1. These radial velocities 
weree measured by fitting the direct and reverse line 
profiless on the oscilloscope screen, below half depth. In 
particularr the central parts below half depth of H r Hd 

andd the higher Balmer lines are practically symmetric 
(fromm here on we wil l denote these lines as "the higher 
Balmerr lines"). Except for Ha and H^ the radial veloci-
tiess of the Balmer lines on each spectrogram show a 
goodd internal agreement. The mean of the radial veloci-
tiess of Hy, Hd, H8, H9 and H i 0 are indicated in the fifth 
columnn of Table 1. (H£ was omitted because of blending 
withh interstellar Ca n H.) The radial velocity of H^ is 
systematicallyy smaller than those of Hy to H10 by about 
!!  0 to 30 km/s, depending on the orbital phase (see below). 
Thesee differences are correlated with abnormalities in 
thee line profiles which will be considered in Section 5, 
togetherr with the Ha variations. 
Thee mean values of the radial velocities of the He i 
liness on the blue plates agree reasonably well (within 4 
too 8 km/s) with those of the higher Balmer lines. How-
ever,, the standard deviations for the helium lines are 
generallyy over twice as large as for the Balmer lines, 
whichh is probably due to asymmetries and variability 
inn the helium line profiles (see Section 5). 
Forr this reason the mean radial velocity of the higher 
Balmerr lines is expected to give a more accurate indi-
cationn of the stellar radial velocity than the mean of the 
hydrogenn and helium velocities together. We therefore 
adoptedd the "stellar" radial velocity to be the mean 
velocityy of the higher Balmer lines. On the red plates 
thee only absorption lines suitable for measurement are 
H^^ and three He i lines. Their velocities are listed in the 
lowerr part of Table 1. The table shows that the velocity 
off  He i 5875 is, similar to that of H^, systematically 
smallerr than the stellar radial velocity by several tens 
off  km/s. Therefore, and since the velocities of the re-
mainingg two He i lines show much scatter, we have not 
usedd the red plates for the determination of the orbit. 
Thee radial velocities of the interstellar lines of Ca n (K-
andd H-line) and Nai ( D r and D2-line) are 28.8  1.4 
andd 31.0  1.9 km/s, respectively. 

3.. The Radial Velocity Orbit 

Thee radial velocities (i.e. mean velocities of the higher 
Balmerr lines) of the ten blue spectrograms are well 
spacedd over the approximately 9 days of the orbital 
period.. The mean radial velocity from Hiltner et a/.'s 
(1972)) observations differs from the mean of our obser-
vationss by about 28 km/s. Since we could not find any 
obviouss reason for this systematic difference we are led 
too presume that it is of instrumental origin (use of differ-
entt spectrographs, etc.). In order to combine our ob-

servationss with those of Hiltner et at. we first had to 
determinee the exact value of thee correction to be applied. 
Usingg trial corrections between 25 and 30 km/s we first 
determinedd the period by fitting the steep parts of the 
preliminaryy radial velocity curves through the observa-
tionss by Hiltner et at. and through our observations. 
Wee used periods around the X-ray period of 8?95  0^2 
ass given by Forman et al. (1973). It turned out that a 
correctionn of + 28 km/s to the radial velocities from 
Hiltnerr et al. together with a period of 8?96  0*?0i gives 
thee best fit. 
Thee best-fit radial velocity orbit through all the data 
wass then computed with the program "Orbit" (Wolfe 
etet a/., 1967). It yields the radial velocity curve indicated 
inn Fig. la, which is characterized by the following 
orbitall  elements: 

PP = d004, 

KK = 7 km/s, 

VV00 = 3.6  0.6 km/s, 

ee = 0.223 , 

, , 

/ (M )) = 0.0147 1 M 0 . 

Thee formal error for the period that is obtained in this 
wayy might be unrealistically small. 
Dotss in the Figure indicate Hiltner et a/.'s observations, 
crossess indicate our observations. The figure shows 
thatt between orbital phases 0.3 and 0.4 (taking peri-
astronn passage at JD 2441771.08 as phase 0.0, see below) 
aa systematic upward deviation of the radial velocities 
existss with respect to the "mean" behaviour of the 
radiall  velocity variations at the other phases. [A similar 
deviation,, however, in downward direction, is observed 
nearr maximum radial velocity in the case of HD 153919 
(Hensbergee et al, 1973).] As these deviations are too 
largee to be fitted with any Keplerian radial velocity 
curve,, it seems reasonable to assume that they are due 
too effects of gaseous streams in the system or to devia-
tionss in the atmospheric outflow pattern from the super-
giantt Therefore, in the determination of the radial 
velocityy orbit we omitted the encircled points. (On our 
onlyy plate around this phase—G 3842—the higher 
Balmerr lines are about 40% broader than normal. 
Iff  all of this excess broadening were to be at the red 
sidee of the line center, this would produce a redshift 
off  about 30 to 40 km/s; consequently, the broadening 
off  the lines around this phase may easily account for 
thee observed radial velocity deviations, which are less 
thann about 20 km/s.) 

Inn Fig. l b we plotted the H^ radial velocities as a 
functionn of the phase. The internal error of one in-
dividuall  velocity measurement is estimated to be about 
55 km/s. The dashed line in the figure represents the 
radiall  velocity curve defined by the above given orbital 
elements,, shifted by about —9 km/s. As the standard 
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VV rad (km /sec) 

400 r 

PP - 8T959 i 0JD04 
ee - 0.223 i 0J024 

VV JD 2441771.078 

hiltnerr et a l . 
 zuiderwijk et a l . 

(balmerr lines) 

0.66 0.7 0.8 
orbitall phase 

Fig.. t. (a) Best-fit radial velocity curve obtained from our blue plates and the data of Hiltner et al. (1972). Orbital phase is taken with respect 
too periastron. Predicted phase of mid X-ray eclipse is indicated, (b) H^ radial velocities from our blue and yellow-red plates. The dashed line-
iss the radial velocity curve from Fig. la, shifted by - 9 km/s. The full curve is shifted in phase with respect to the dashed one by 0.04 

deviationss in the velocity determinations of the higher 
Balmerr lines (see Table 1) and of H^ are smaller than the 
appliedd shift, this radial velocity difference may be a 
manifestationn of the Balmer progression, indicating 
thatt the atmosphere is flowing out (cf.Underhill, 1966). 
Thee observation of the Ha emission profile supports this 
idea.. The solid curve in the figure was obtained by 
applyingg a phase shift A (p = 0.04 to the dashed curve. It 
seemss to us that by applying this shift, a better fit  to 
thee observations is obtained. The figure shows that be-
tweenn the orbital phases 0.65 and 0.2 the H^ radial 
velocityy follows the solid curve quite well. 
Betweenn orbital phases 0.2 and 0.65 a considerable ex-
cesss deviation bv about —20 to —25 km/s in the H« 

p p 

velocitiess is observed. In Section 6 possible causes of 
thiss deviation will be briefly discussed. It may be noticed 
thatt the phase shift of 0.04 is similar to the phase shift 
observedd for HD 153919 (3 U 1700-37) between the 
radiall  velocities of the higher Balmer lines and those 
off  the emission lines of He n and N m (Hensberge et al., 

1973).. Since H^ and these emission lines are formed at 
largerr distances from the stellar center than the higher 
Balmerr lines, the phase shift might be due to the same 
causee in both stars. 

4.. Comparison with X-ray and Photometric Observations 

Sincee the orbit of HD 77581 is of considerable eccentri-
cityy we expect that the time of mid X-ray eclipse does 
nott coincide with one of the "zero velocity" points 
(*«dd — *o)- The zero velocity point closest to the eclipse 
iss located at phase 0.75 = JD 2441777.76. Forman et al. 
(1973)) give a very well defined mid-eclipse time (by com-
biningg all UHURU observations obtained between 
Decemberr 1970 and January 1973) at UT 1972 May 
9.044  0.07 = JD 2441446.54 . So, in the epoch 
off  our observations the mid-eclipse time will be at 
JDD 2441778.02 + 0.17. 
Fromm the known values of co and e we can calculate 
thee expected difference between the moments of zero 
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Tablee I. Heliocentric radial velocities. The blue plates (12 A/mm) are listed in the upper part of the table, the red plates (19 A/mm) in the lower part 

Plate e 
number r 

GG 3834 
G3842 2 
G3848 8 
G3858 8 
G3866 6 
G3870 0 
G3879 9 
G3896 6 
G3909 9 
G3923 3 

G3833 3 
G3841 1 
G3857 7 
G3865 5 
G3869 9 
G3878 8 
GG 3880 
G3893 3 
G3894 4 
G3895 5 
G3908 8 
G3924 4 
FF 1035 

J D++ 2441000 

773.626 6 
774.608 8 
775.582 2 
776.583 3 
777.613 3 
778.545 5 
779.535 5 
780.632 2 
781.631 1 
782.556 6 

773.548 8 
774.547 7 
776.515 5 
777.544 4 
778.532 2 
779.505 5 
779.567 7 
780.513 3 
780.554 4 
780.597 7 
781.576 6 
782.594 4 
775.524 4 

Orbital l 
phase e 

0.284 4 
0.395 5 
0.503 3 
0.614 4 
0.729 9 
0.833 3 
0.944 4 
0.066 6 
0.178 8 
0.281 1 

0.277 7 
0.388 8 
0.608 8 
0.722 2 
0.832 2 
0.941 1 
0.948 8 
0.053 3 
0.058 8 
0.063 3 
0.172 2 
0.285 5 
0.496 6 

H, , 

- 54 4 

- 54 4 
- 35 5 
- 11 1 

4 4 
17 7 
21 1 

-- 4 
- 39 9 

- 50 0 
- 47 7 

- 13 3 
-- 1 

25 5 
27 7 
17 7 
7 7 

- 60 0 
- 41 1 

Meann of 
HHrr Ha, H8, H9, H10 

-16.66 0 
-- 1.6 6 
-17.66 + 3.3 
-14.22 6 

0.00 5 
22.00 0 
34.00 2 
21.22 8 
9.66 5 

-16.66 3 

Hee 15875 

- 54 4 
- 48 8 
- 34 4 
- 14 4 

16 6 
3 3 

10 0 
12 2 
10 0 
5 5 

-- 1 
- 56 6 
- 41 1 

4471 1 

0 0 
-- 4 
- 16 6 
-- 8 

2 2 
15 5 
24 4 
26 6 
10 0 

- 20 0 

- 14 4 

- 28 8 
- 21 1 

26 6 
24 4 
27 7 
17 7 
0 0 

- 17 7 

4026 6 

-- 4 
- 17 7 
- 16 6 
-- 2 
-- 7 

18 8 
27 7 
25 5 
9 9 

- 21 1 

3820 0 

0 0 
-- 1 
- 22 2 
- 13 3 
-- 6 

19 9 
10 0 
22 2 
8 8 

-- 5 

6678 8 

- 10 0 
- 19 9 
- 15 5 
- 13 3 

15 5 
13 3 
38 8 
16 6 
13 3 
16 6 
9 9 

- 17 7 
- 27 7 

4388 8 

- 35 5 
-- 9 
-- 8 
-- 3 
-- 4 

17 7 
34 4 
28 8 

1 1 
-- 5 

4144 4 

- 24 4 
- 15 5 
___ 2 
- 34 4 

13 3 
46 6 
41 1 
37 7 
12 2 
8 8 

3965 5 

- 26 6 
- 28 8 
-- 9 
-- 9 

17 7 
26 6 
52 2 
46 6 
22 2 
11 1 

radiall  velocity and of mid X-ray eclipse. Taking 
ee = 0.22 and w = 13° we find this difference to be about 
0?32.. Hence, from the spectroscopic orbit the mid 
X-rayy eclipse is expected at JD 2441778.08. Within the 
rangee of the observational uncertainties ) this 
valuee is in good agreement with the above mentioned 
predictionss from the UHURU observations. 
Photometricc and photoelectric observations of 
HDD 77581 clearly show asymmetries, as we expect from 
thee orbital eccentricity (cf. Jones and Liller, 1973: Vidal 
etet al., 1973; Hutchings, 1974; Vidal, 1974). Recently, 
Hutchingss (1974) analysed photometric variations of 
HDD 77581. He found values of e and co close to ours. 
Thee variations do not repeat themselves from cycle 
too cycle, indicating that fluctuating gaseous streams may 
bee of considerable importance. This is confirmed by our 
spectroscopicc observations (cf. Section 3). 

5.. Line Profiles 

Hpp and He I Lines 

Figuree 2 shows profiles of H^ and some of the Hei 
liness as a function of the phase. The lines are clearly 
asymmetricc between phases 0.25 and 0.6. The asymme-
triess in the H^ profile correlate with the observed radial 
velocityy deviations in the same phase interval, as men-
tionedd in Section 1 In this phase interval the width at 
thee continuum of H^ and the He I lines is larger than 
normall  with an excess absorption at the blue side. 
Betweenn phases 0.2 and 0.7 also the higher Balmer 

liness show some excess blue absorption in the wings 
(butt most probably not in the central parts, which re-
mainn symmetric, except—as mentioned above—on plate 
GG 3842). 

Inn Fig. 3 the observed profile of Ha is plotted as a 
functionn of the true anomaly. The binary itself is 
thoughtt to be at rest, while the observer moves around 
thee system in the direction indicated by the arrows. 
Thee true anomaly, as a function of the orbital phase, was 
calculatedd from the orbital elements, using Kepler's 
secondd law. Since the orbit of the binary system is 
eccentric,, the true anomaly is growing nonlinear with 
thee orbital phase. So the observer's motion around the 
systemm is not uniform. The profile of Ha consists general-
lyy of two emission peaks (indicated as a and c) se-
paratedd by an absorption component (b). Table 2 lists 
thee peak radial velocities of these components. Between 
phasess 0.27 and 0.50 the profile is of the P-Cygni type, 
consistingg of one emission component and a blue shifted 
absorptionn component. The Ha profile observed by 
Wickramasinghee et al. (1974) around phase 0.5 (one 
orbitall  period before our observations) is in good agree-
mentt with our profiles around that phase. It should be 
notedd that these authors report the presence of a second 
minorr absorption component. 
Lett us assume that the two emission peaks a. and c 
aree both parts of the same broad emission line upon 
whichh the absorption component b is superimposed. 
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Platee Phase 
Number r 

Hee I 6678 A 
3A A 

Hee I 5876 A 
3A A 

3880 0 

3893 3 
3894 4 
3895 5 
3896 6 

3908 8 
3909 9 

3833 3 
3923 3 
3834 4 
3924 4 

3841 1 
38422 0.4 

1035 5 
3848 8 

3857 7 
3858 8 

3865 5 
3866 6 

3869 9 
3870 0 

3878 8 
3879 9 
3880 0 

In--Fig.. 2. Original tracings of He I and H^ profiles as a function of the orbital phase (with respect to periastron). Plate-numbers are given, i 
tensityy and wavelength scale are indicated. The plotted profiles of He I 6678 and 5878 were taken from the red plates, the ones of H„  and 
Hee i 4471 from the blue plates. Missing entries are due to the weakness of some plates 

Wee derived the central radial velocity of this wide emis-
sionn line by fitting its profile to the outer wings of 
componentss a and c and found that this central radial 
velocityy is practically constant as a function of phase 
(withinn the observational uncertainties, which—for 
thiss broad line—amount to . On the other 
hand,, the radial velocity of the absorption component 
bb shows large variations as a function of phase. 
Thiss is remarkably similar to the behaviour of the Ha 

profilee in HDE 226868 (Cygnus X-l) as observed by 
Brucatoo and Zappala (1974), where also the absorption 

componentt shifts back and forth with respect to an 
underlyingg emission component (which, consequently, 
alsoo here appears to be double peaked most of the 
time). . 

6.. The Outflow Pattern from the Supergiant 

Clearlyy the wide undisplaced emission component of 
Haa is produced rather far from the stellar surface in an 
extendedd envelope which is flowing radially outwards 
inn all directions, whereas the absorption component is 
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Fig.. 3. The Ha profile as a function of the true anomaly (for i = 90°). Corresponding orbital phases are marked along the circle in the figure. 
Thee observer moves as indicated by the arrows. Intensities and wavelength scale are indicated at the tracing of plate G 3857. The profiles on 
platess G 3893, 3894 (taken within less than 2h before G 3895) are identical to the one of G 3895. The same holds for the profiles on plates 
GG 3878 and G 3880. The profile of G 3833, taken exactly one period before G 3924, is identical to the one of G 3924, indicating that the profile 
variationn is a periodic phenomenon. The dashed Roche lobes indicate, exaggerated, the variations in distance between the components. The 
observer'ss positions at periastron-, apastron- and X-ray mid-eclipse time are marked 

producedd in the part of this envelope between the ob-
serverr and the stellar surface (cf. Underhill, 1966). 
Therefore,, the absorption line velocity reflects the out-
floww velocity of the envelope into the direction of the 
observerr at the mean level where the H„  absorption 
iss formed. The understanding of the outflow pattern is 
complicatedd by the fact that the orbit is eccentric. 
Alreadyy in the case of a circular orbit, the outflow 

patternn is expected to be asymmetric due to the 
asymmetricc gravitational field produced by the pre-
sencee of the companion. In the case of HD 77581 one 
has,, on top of this asymmetry a second and independent 
asymmetryy introduced by the orbital eccentricity. In 
Fig.. 3 the large central binary is drawn to indicate the 
positionn angle of the observer with respect to the line 
joiningg the components. The variation in distance be-
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Tablee 2. Hx radial velocities (ctFig. 3) 

Platee number 

GG 3833 
G3841 1 
GG 3857 
GG 3865 
GG 3869 
GG 3878 
GG 3880 
GG 3893 
GG 3894 
G3895 5 
G3908 8 
G3924 4 
FF 1035 

Orbitall  phase 

0.277 7 
0.388 8 
0.608 8 

 0.722 
0.832 2 
0.941 1 
0.948 8 
0.053 3 
0.058 8 
0.063 3 
0.172 2 
0.285 5 
0.496 6 

Redd emission 
peakk (a) 

115 5 
110 0 
140 0 
140 0 

180 0 
90 0 

100 0 
125 5 
110 0 
105 5 
110 0 

Absorptionn (b) 

-125 5 
-200 0 
-- 65 
-- 20 

-- 25 
-- 25 
-- 80 
-- 65 
-- 65 
-- 55 
- 1 00 0 
-210 0 

Bluee emission 
peak(c) ) 

- 2 10 0 
- 1 25 5 

-- 90 
-110 0 
- 2 00 0 
-190 0 
-200 0 
- 175 5 

tweenn the components during the orbital motion is in-
dicatedd by the dashed (small) binaries which, exaggerat-
ed,, show the sizes of the Roche lobes as a function of 
thee position angle of the observer with respect to the 
system.. Position angles at ap- and periastron passage 
aree indicated with the letters A and P. 
Thee figure shows that the largest outflow velocities in 
Haa occur between phases 0.25 and 0.50, i.e. almost im-
mediatelyy after primary light minimum, and last about 
aa quarter of a period (plates G 3833, G 3841, G 3924, 
FF 1035). The largest outflow velocities in Ĥ , and in the 
wingss of the He i lines occur near these same phases 
whichh seems to indicate that also the layers where these 
liness are formed are rapidly expanding at these phases. 
Thee figure seems to suggest that the outflow is not very 
stronglyy dependent on the size of the Roche lobe, as the 
Haa profiles before and after apastron passage are quite 
different,, although the corresponding sizes of lobes are 
aboutt the same. Also the fact that the Ha variations in 
Cygnuss X-l show a similar phase dependence, although 
theree e<0.1 (Bolton, 1972) seems to suggest that the 
orbitall  eccentricity does not have a large effect on the 
outfloww pattern. Apparently the position (and not the 
distance)) of the X-ray component with respect to the 
partt of the stellar surface from which we observe the 
outfloww velocity is the main parameter on which this 
outfloww velocity depends. 
Thee simplest way to explain why the size of the Roche 
lobee does not have much influence is, that the radius of 
thee supergiant is considerably smaller than the average 
radiuss of the lobe, and that the mass loss process is of 
thee stellar wind type (i.e. has nothing to do with the 
Rochee lobe). Such an explanation is well in line with the 
ratherr small eclipse fraction (t/P~ 0.2) as well as with 
theoreticall  models of the accretion in X-ray binaries 
(cf.. Davidson and Ostriker, 1973). The only effect of the 
presencee of the companion seems to be to enhance the 
outfloww from the surface layers nearest to it. Due to the 
orbitall  motion the region of largest outflow velocities 
willl  lag behind the companion, far above the stellar 

surfacee where Ha is formed. This "garden hose effect" 
thenn might explain why one observes the largest blue-
shiftt of the absorption component within one quarter 
periodd after the passage. Detailed model calculations 
forr explaining the observed profile variations of Ha, Hp 

andd the He I lines will be the subject of a separate in-
vestigation. . 

7.. Classification, Distance and Mass 

Thee classification of HD 77581 as a B 0.5 star is con-
firmedd from our spectra by comparing the observed 
spectrall  features with the criteria given by Walborn 
(1971).. From the equivalent width Wx = 0.54 5 A 
off  interstellar Ca n K one derives a distance of 2.2 
++ 0.4 kpc according to the calibration by Munch (1968) 
forr a star in this direction in the galactic plane. Although 
aa distance determination from the strength of inter-
stellarr lines might not be the most accurate, the derived 
valuee is in excellent agreement with the distance obtain-
edd by Wickramasinghe et al. (1974) by comparing the 
reddeningg of HD 77581 (£ (£- F) = 0.76) with those of 
starss in its vicinity. 
Thiss distance determination confirms the luminosity 
classificationn as a supergiant: the resulting value of 
MMvv — — 7T1  0T4 corresponds indeed to a la supergiant. 
Theree is, however, a puzzling fact which does not fit this 
classification,, viz. the fact that only 14 Balmer lines are 
separatelyy visible on our plates whereas the expected 
numberr for a supergiant is around 21. A number of 
144 visible Balmer lines would lead to a classification 
BB 0.5 III . Since neither the luminosity of the star nor its 
Haa emission fit the B 0.5 III classification (cf. Rosen-
dhal,, 1973) we are inclined to suppose that due to some 
otherr mechanism the highest Balmer lines have become 
indistinguishable.. A similar effect is observed in tOri 
(BB 0 la), where due to the intrinsic Doppler width (pro-
ducedd by macroturbulence) the Balmer series terminates 
aroundd H16 (Lamers, 1974). 
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Usingg as a safe lower limit B.C. = 2m for a B 0 la star 
(whichh almost certainly is too low, cf. Underhill, 1966) 
wee find Mbol ^ — 9T1 + 0m4. According to Simpson's 
(1971)) evolutionary tracks this corresponds to a mass 
off  ^ 30 M0  5 M0. However, as argued by van den 
Heuvell  and Ostriker (1973) and Hensberge et al. 
(1973)) due to mass loss in a supergiant binary this value 
mayy be three times smaller without considerably 
affectingg the luminosity. Although, admittedly, large 
masss loss seems rather unlikely here (see next section) 
thiss means that the mass of HD 77581 might be as 
smalll  as only 10 M0  1.7 MQ. 

8.. The Mass of the X-ray Source, Discussion 

Fromm the mass function f(M) = 0.0147 Af0 and an 
adoptedd value of the mass MB of HD 77581 one can 
calculatee a lower mass limit for the X-ray source (cf. 
Bolton,, 1972: Trimble et a/., 1973). Taking MB = 30 MQ 

wee find MX^2.5M0. If, however, MB is only 10 M0 

wee find MX^.\.2M0. The X-ray emitting component 
mayy therefore be a neutron star as well as a black hole. 
Twoo arguments in favour of the black hole possibility 
mightt be: 
(i)) the absence of regular pulsations of the X-ray source: 
(ii)) the fact that a close binary containing a neutron 
starr or black hole will appear as an X-ray source only 
duringg the time that the supergiant component is loosing 
masss at a modest rate in the form of a stellar wind 
(M<(M<  10"6 MQ/yr) (cf. Davidson and Ostriker, 1973; 
Lambb et al., 1973). 
Whenn the photosphere of the supergiant reaches the 
Rochee lobe, the rate of mass loss will become very 
largee (~~ 10"3 M0/yr, cf. van den Heuvel and De Loore, 
1973)) and the X-ray source will be completely ex-
tinguishedd (Shakura and Sunyaev, 1973; Pringle, 1973). 
Inn a binary, the "stellar wind phase" occurs when the 
starr is a supergiant on its evolutionary track some-
wheree to the right of the main sequence before it starts 
too overflow its Roche lobe. Since 3 U 0900-40 is not yet 
extinguished,, HD 77581 cannot yet have reached its 
lobe.. However, stars with M ^ 15 MQ in binaries with 
P < l 0dd reach their lobes within a few times 104yrs 
afterr becoming a supergiant (cf. van den Heuvel and 
Dee Loore, 1973). Therefore, the stellar wind phase in 
X-rayy binaries, with M < 10"6 MG/yr can last for only 
aa few times 104yrs and, consequently the mass loss 
fromm HD 77581 cannot have exceeded a few times 
10""  2 MQ. The same argument applies to all other super-
giantss in X-ray binaries, i.e. also to Cygnus X-l . For 
thiss reason, the mass of HD 77581 is likely to be close to 

300 MQ and, in consequence the mass of the X-ray 
sourcee is likely to be larger than about 2.5 MQ. [In 
vieww of the uncertainties involved in the distance deter-
minations,, bolometric corrections, etc. (cf. Section 7) 
thee uncertainty in this lower limit is about + 0.3 M0.] 
Suchh a mass seems rather large for a neutron star and 
mightt be more indicative for a black hole. 
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