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Abstract

Low dlaporsion tra (75 ;«[mm at 4300 A) of HD 193576 have beon utilized for radial
velocity measures as well ns lino prollle determinatlons of seme of the emission lines. Using such
measures for Hell 4686. the clements derived oro, v -axis = - 16.2 km/soc, K=282.8 km/sec,
p=0.11, & .~163°. The veloclty meunsurcs of NIV 4058 arc combined with carlier meagures of
Minch to yicld the following vulues ; v -axis (N1V 4058) = -41.5 kmfsec, K = 302.6 km/sec,
¢--0.09. w - 130°, To — 0.26. T=0,62. The velociLy ineasurcs of the absorption linea 4340 X
and 4100 A Lhat origlnate from tho O component show much scalter. A combination of the K values
of NIV 4058, Ha yield masses of the O and W stars ns 23.3 and 8.2 solar masses respectively.

If 4038 A is usod with the K valuo derdved by Munch from measuwres of the highar memben of
the Balmer scrics these are 23,0 nnd 9.9 solar masres respoctivaly.

Line profiles of 4058 ;'\. 4686 A, 4861 A rom low dlgporsion spectra ere dlscnssed. A few

coude spectrograms (10 A/mm) of this star wero obtalned nt primary and secondary minima and
outslde eclipse, Tho amisslon lino NI'V 3483 shows & vlolet absorplion edge at primary minimum.
Profiles of FI9, H11 and HI3 show clearly tihe Increuse In width nt &rlmary minimum caused by

dmh:nc scnttering. The intensitles of the hydrogon incs uro also found to increase slightly at
thia p '

Introduction

The binary neturc of HD 193576 (V444 Cygni) was discovered by wilson
(1939). Gaposclikin (1941) showed subscquentily that the star is elso an eclipsing
variable. Precise light curves for this system have been obtained photo-clectrically
by the Krons (1950) and Hiliner {1949).

The most recent spectrographic orbrl is by Munch (1950). Very soon a.ftez
the discovery of the binary nalure Wilson (1940) had shown that the 4686 A

line originating from the Wolf-Rayet component of (his system experienced little
eclipse when occulted by the O companion.  Kuhi (1956) has recently scanned

ohoto-electrically the specirum of HD 193576 [rom 3400 A to 11000 A with a
gpectrum scanner used as a narrow band photometer. He finds that in the process
of the eclipse of the Wolf-Rayet component by the O star, the lines of lonized
He. NIII and NIV do not share in the eclipse but actually undergo 8 brightening,

This behaviour is most conspicuously scen in 4686 A. On the other ha:cflll, the
line identified as CTV 5808 decreases ih iniensity as the Woll-Rayet Star 18 e
by the O star. Apparently a slmilar behaviour is indicated in the case ol the

Hel line ot 10830 A. The interesting feature is that the CIV line goes into eclipse
two hours before the neutral helium line does.

[n this investigalion we present' new orbital parameters for the
system [rom radial velocily data., We also present the line profiles for differeat
lines at differeni phases.
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The observations

Twenty-cight speotra ol this binary system were obtained in 1952 with thc.
Mount Wilson 60-inch Llelescope and single prism spectrograph. The spectra

dispersion of 75 f\/mm at 4340 A und can be used to siudy the orbits
gg‘go?h c.fol;,ne oncls. The phases of the obscrvations have been computed from
the epoch ol primary miriimum when the Woll-Ruyet star cclipses the O star,
The elements provided by Kron and Gordon (1950) arc

Phase zcro--JD 2428771 .379+ 4,21238E

The measures ol radinl velocily were ol the emission line Hell 4686 and NIV

4058 along with the Balmer absorplion lines 4861 A, 4340 A and 4101 A The
accompanying tablc gives the velocily measures ol this system,

The orbital clements

The carlicr spectrographic investigations of this sysiem had assumed a
circular orbil. We obtained 4 sct of preliminary clements on the same basis

(rom the velocity curve ol 46R6 A. We next applicd Sterne’s method and determined
the cotrections necessary Lo the preliminary orbit.  The orbital clements ebtained

from the 4686 A velocily curve are

Il

+16.2 km/sec
282,8 km/scc
= 0,
== 163°
= 0.24
= 0.69

e ®xm=

In the casc of NIV 4058 we combined our vclocilr measures with those of
Muncl3 (1950) in order to obtain a sct of well defined orbital clements, using
Sterne’s method. The clements thus obtained arc

¥ =—41.5.16.2 km/sec
K =.302,6+9.3 kmfscc
e-

= 0.094.04
o = (30"
To =. 0.26
T = 0.62

od I he presence of 4 certain degree of eccentricity of the orbit has been speculat-
on for soime time, The photo-clectric measures of Kron and Gordon show that
the secondary mihima occur slightly carlier than the midpaint between the primary
minime. The eccenlricity derived spectroscopically Is 0.09 and is of the right
order of magnitude (o cxplain the obscrvation of Kron and Gordon. The systemic

velocity derivod from measures of 4058 A is —42 km/sec as against + 16 km/scc
for 4686 A, or a difference of 58 km/soc,
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Figure 1 is a plol of our measured velocities of the two cmission lines

4686 A and 4058 A ns well as the velocities derived [rom the absorption lines,
These absorption line velocilies show a certain degree ol scalter and indicale
a range in location of the y-axis. This originates presumably by contamination
caused by the emission lincs that are present in the spectrum of the Woifl-Rayel

componenl. We have used separately the velocity measures of 4340 A and 4101 A
10 determine the orbit of the O star. A least squares solution was made to obtain
corrections 10 initial values for K as well as y. The values obtuined are the
following :
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Figure {—Tha Radlal velocity curve of HD 153576

Hy H3
v-axis (km/sec) +22.1 +32,24+6,7
K (km/sec) 76.9 106,0+11.7

The large discrepancy between the values of K of tho two velocity curves
indicates that either onc or both are affected seriously by emission (rom the Woll-
Rayet component. Since the value of K is very important in the determination
of the masses of the components, it is doubtful if our values of K {rom the absorp-

tion lines at 4340 A and 4101 A would edd to the reliability of & mass deler-
mination. I[n this respect, measures of the higher members of the Balmer series,
as carri¢d out by Munch, would have been more useful. In the calculation of (he
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values of mgsin't and mysinti we, Lherefore, use in addition Lo our vulues of K
for the O componcent those obtained by Munch. The values of m_sin®i obtained
are Lhe Tollowing :

. Absorplion line
Emission line —_ — — e

Munch

Hy H& H8, H9, HIO0
Hell 4686 Mesindi 15.7 18.4 19.7
mwh‘inai 4.1 6.9 B.4
NIV 4058 Mesindi 8.8 21.8 23.3
mysind 4.8 7.7 9.3

A value of muss determined from the velocily curve of Hell 4686 Is ques-
tionable since this linc in a closc binary syslem is liable Lo have complications by
virlue ol gas sircaming near ihc inncr Lagrangian poinl. We are, therelore,

fimited Lo using 4058 A and the absorption lines, preferably the higher members
ol the Balmer scrics,

There are vory few mass deferminations of the O stars available in the
literature. Using a value of i==78° derived by Kron and Gordon (1950) as well

as the values of mysin’i and mysin’l determined from a combination of 4058 A
and H3 wo get the mnsses of the O and W components as23.3 and §,2 solar masscs
respectively. If we use the combination of 4058 and Munch's value of K (rom
the higher members of thc Balmer series these become 25.0 and 9.9 solar masses

respectively.
‘The line profiles

It is well known that the Woll-Rayet specirum of (93576 shows very
striking changes in the line conlours of ils various emission linos at various phascs.
A study of thesc contours help us in building a piclurc of the binary system as a
whole. Figurc 2 depicls the variations cxperienced al various phases by NIV
4058, Hell 4686 and Hell 4860, as measured from low dispersion spectra. In
the casc of Hell 4686, we find that at the conjunctions o narrow hump appears
al about the peuk of the proflle and this hump which is on the red side al ﬁs
close to the ptimary minimum, moves over Lo the violel side al phases close Lo
the second minimum when the Wolf-Rayel star is cclipsed. This variation
in Hell 4686 was fiest pointed oul by Wilson In [942, In gencral, ihe overall
widths of the lines arc cssentially tho same, But in the vicinity of the conjunc-
tions, the second hump caused by the supcrposed narmow emission seems lo be
primerily responsible for the changes in the profile. Sahadc has shown (1958)
that this narrow cmission originates at the inner Lagrangian point and the observa-
lions reporled here substantiate his point of view.

The profile of Hell 4860 essenlially porirays the variations in Jocalion of
the HP absorption linc of the O star and the conscquent effects that It has on the
appearance ol tho overall structure. However, the tolal emisslon width seems
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lo be greater near secondnrf' minimum thano it js at primary minimum, The
profile at phase 0.02P has the absorption component on the violel side caused
by an approaching O star but the narrowness of the cverall emission cannot just
be explained by a heavy mutilation ol the emussion tine by the HE profiic of the
O star. It, therelore, seems that the emission linc itself has a diflerence in width
near about primary and sccondary minimum, or in other words the emission line
is narrower when the Wolf-Rayet siar is closest 10 the observer than il is when it
is farthest away.

The profiles of 4058 A urc also displnyed in Figure 2. We have given six
of these profiles 10 indicatc (he fact that no serious changes in the structure have
becn observed during the period when these plates were oblained. Hence, we
can andopt Lhe values ¢btained lrom the radial velocily measures of this line with
a good degree ol confidence. However, u lew minor changes in Lhe nppearance
of the profile nced further meniion. The prolile close Lo primary minimom is
fairly sharp peaked, dillering from thal near secondary mirimum.

HD 193576 NIV 4050
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Floure 3 (n).—Profiles of NIV 4033 In tho spectrum of 1{D 193576 at varlous phases,
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High dispersion specira obtaincd at phases 0.02, 0.48, 0.71 and 0.95P
arc available, for the study with beller resolution, of some of these characteristic

changes. These specira obiained at [0 A/mm with the 100-inch coude spectro-

graph extend into the ultra-violet to about 3300 A. In fact thesc plates at
sclecled phases, more especially al conjunctions, were exposed to study the profiles
of the higher mombers of the Belmer series and how these have been affected by
the electron scallering envelope around the Wolf-Rayet star.

HD193578 NIV 3483 NIV 4058
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Pigira 3—Drofiles of NTV 3483 and NTV 40358 In the spectrum of [1D 193576 at primay and secondary minimum,

In Figure 3, the profiles of the NIV multiplet 3s°S—3p'P at 3479 A,

3483 A and 3485 A can be seen at primary minimum and secondary minlmum
alongside the profiles at corresponding phase of the 3pP—-3d'D mulliplet at

4058 A. The kinematic conditions: in the Wolf-Rayel cavelopo are such as (o
broaden the individual transitions of the triplet considerably, so thal we see thom
unresclved separatcly. The main characteristic of interest is Lhe prescnce of a
violet absorption edge displaced with respect o the centre of the cmission at

3482 A by 1160 km/sec. This featurc is scen only at primary minimum when the
Woll-Rayel star cclipses the O component. The surprising lact is that, al this
phase, the Woll-Rayct spectrum should have the normal characteristics of & WNS
star, The appearance of & violet absorptlion edge for NIV. 3483 is not seen on
any of the high dispersion spectra of HD 192163, HD 191765 or HD 193077.
[, therefore, seems 1o bc a characteristic stimulaied by the component of the

binary system. The multiplet 3p'P—3d'D al 4058 A does not show (he
absorption feature.
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The higher members of the Balmer scries that originale in the atmosphere
af the O star are widened at primary minimum when the O star shines through
the electron scattering envelope of the Wolf-Rayet star. This property was firsl
observed by Munch. Figure 4 indicates the difterences in profile for H9, HI1I

HD 193576
1o —_Phaseoo 048
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Flgure 4-—Toflla of 11, IT;, and H; [n the spectrum of IID 193576 al primay and sscondary minimum,

and H13 for the two phascs representing primary and secondary minima, The
increase in widths is obvious, confirming our slfeculauons re ng the electron
scaltering envelope. However, the inicnsities of the hydrogen lines Increase by
& small amount at this phase, More quantitative information would be necessary
belore we consider this as definite cvidence of enhanced hydrogen absorption in the
Wolf-Rayet atmosphere.
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The observations reported herein werp obtpined by qpne of us (MKVBE)
duripng the tcnure of a Carnegie Feliowship at the Mount Wilsop and Palomar
Observatories.

KODAIKANAL OBS.ERVATORY}

October 1967
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