
EMISSION LINE STUDIES OF 
WOLF - RAYET BINARIES 

A Thesis 
Submitted For The Degree of 

Doctor of Philosophy In the Faculty of Science 

BANGALORE UNIVERSITY 

B.S. SHYLAJA 

INDIAN INSTITUTE OF ASTROPHYSICS 
BANGALORE 

INDIA 

1986 



I hereqy declare that the matter embOdied in this thesis is 

the result of investigations carried out by me in the Indian 

Institute of Astrophysics, Bangalore and the Department of 

Physics, Central College, Bangalore, under the supervision of 

Prof. M.K.V.BaWU (until his sudden denise in August, 1982), 

prof.J.C.Bhattacha~a and Dr.M.N.Ananda Ram.This work has not 

been submitted for the award of anY' degree, diploma, 

associateship, fellowship etc. of any University or Institute. 

Supervisor 

M.N.~ 
'M.N.Ananda FaIn 

Supervisor 

Bangalore 

nat~2.n 1t. ~ ~_ lOr 86 

B.S.Shylaja 
Candidate 



ACKNOWLEDGEMENTS 

I express my gratitude to late Prof.N.K.V.Bappu, without 

whose valuable guidance this work would· have been impossible. I 

consider myself fortunate for having his encouragement and 

inspiration although for a short period only. 

I consider it my duty to remember that I was introduced to 

the field of Astronomy by Prof. J.C.Bhattacharyya. He, after the 

untimely death of Prof. Bappu in 1982, shouldered the 

responsibility in the completion of this work. I am indebted to 

the valuable suggestions and guidance provided by him for the 

successful completion of this work as well as to Dr. M. N. Ananda 

Ram, of the Department of Physics, Central College, Bangalore. 

As a member of the Indian Institute of Astrophysics, I thank 

the Director and other sta:ff, who have helped in this work 

directly and indirectly. 

I thank the distinguished members of the Doctoral Con~ittee, 

Prof. K.N.Kuchela, Prof.P.Paramasiviah, late Prof.N.Madiah, 

Prof. N. G. Puttaswamy, Prof. N. Devaraj of the Physics Department, 

Central College and Dr.R.Nityananda o+, the Raman Research 

Institute, Bangalore. 

I gratefully acknowledge my collegues, especially Drs. 

N. Kameswara Rao, R. Rajamohan, M. parthasarathy, D.C. V. Mall ik, 

C.Sivaram, G.S.D.Babu, T.P.Prabhu and R.K.Kochhar, for their 

support and continued encouragement in the completion of . this 

work. 

i 



Very valuable suggestions during the course of this work 
• 

were provided by Prof.K.D.Abhayankar & Dr.G.C.Kilambi, Osrnania 

University, Hyderabao, Prof.D.J.Sticklancl, Oxford, U.K., 

ProLR.F.Garrison, David Dunlop Observatory, Ontario, Canada, 

Prof.C.de Loore, Vrije Universiteit, Brussels, Belgium, 

Dr.W.Schmutz & Prof.R.Nussbaumer, ETH zentrum, Zurich, 

Switzerlqnd. 

It is my duty to acknowledge the staff of the Kaval ur 

Observatory, especially Mr.K.Kuppuswamy, Mr.K.Jayakumar, 

Mr.M.J .Rosario, A.Muniyandi and Mr.M.Appakutty, for their help 

and cooperation at the telescope. I thank Mr.A.Charles, 
:P 

Mr.F.Gabriel, Mr.V.Chinnappan and Mr.f.santhanam, for their help 

in making the best use of clear skies with the automated 

spectrum scanner. Mr.M.N.M.Rao, Mr.A.V.Ananth, Mr.s. Chandramouli 

and Mr.V.Kutty are acknowledged for help in reducing the data 

with TDC - 316. Further analysis was carried out with the VAX 

11/780, where Dr.S.Giridhar, Mr.Chanoramou1i and Dr.K.K.Ghosh 

rendered great help. The drawings incorporated here were 

prepared by Mr.Muthukrishnan and MrtRari Inbaraj, for whom 

thanks are due. Ms.A.Vagiswari, Ms.Christina Louis and 

Mr.H.N.Manjunath and other staff of the Library are acknowledged 

for their kind cooperation. 

Assistance at various stages, during ,the course of this work 

were provided by Mr.K.Thiyagarajan and the staff of the Faculty 

Office, Mr.S.Rajasekharan, Mr.M.Batcba, Me.Meena Krishnan, 

Ms.B.G.Pramila, for whom I extend my thanks, The final editin:g 

by Ms.Sandra Rajiva was immensely helpful. 

Ii 



Thanks are due to Mr.Prabhakar and Mr.Elangovan for help at 

the copying machine and to Mr.Krishnarnoorthy for the binding 

work. 

Finally, I am grateful to my mother Rathnamma, father Ba.Na. 

SundClra Rao, brothers, Jagadeesha Chandra and Rama Prakash, 

sisters, Urna Devi and Nethravathi, and brother in law, Abhirarna 

Murthy, for their encouragement and cooper:ation during the 

course of this work. 

B.S.Shylaja 

iii 



.cQN'l.'ENTS 

ABSTRACT 

1. INTRODUCTION 

1.1 Variability of WR stars 

1.2 Evolutionary status of WR stars 

1.3 The atmospheres of WR stars 

1.4 Need for studying the binaries 

1.5 Scope of the present investigation 

2.0BSERVATIONS AND REDUCTIONS 

2.1 The Instrument 

2.2 The Instrumental performance 

2.3 Standard stars 

2.4 Atmospheric Extinction 

2.4.1 Influencing Parameters 

2.4.2 Comparision with Meterological Data 

2.5 Instrumental Corrections 

2.6 Errors 

3.TBE SHORTEST PERIOD BINARY CO Cep 

3.1 Observations 

3.1.1 Reddening Corrections 

3.1.2 Spectroscopic Studies 

3.1.3 Light Curves 

3.1.4 Emission Line Flux 

3.1.5 Radial Velocity Curves 

1 

5 

8 

11 

13 

17 

17 

21 

24 

28 

30 

32 

33 

41 

45 

48 

52 

52 

53 

57 

62 

66 



3.2 Correlation between Light and Velocity Curves 

3.2.1 Helium Lines 

3.2.2 Nitrogen Lines 

3.2.3 Carbon Lines 

3.2.4 Line Blends 

3.3 Model 

3.3.1 Light Curve Solutions and the Nature of the 

Companion 

3.3.2 Circumstellar Matter 

4.THE BINARY NATURE OF HD 58896 

4.1 Observations 

4.1.1 Spectrophotometry 

4.1.2 Reddening Corrections 

4.2 Results 

4.2.1 Photometry 

4.2.2 Light Curves 

4.2.2 Emission Line Flux 

4.3 Line Flux Variations 

4.4 Model 

S.THE MEMBERS OF THE CLOSTER NGC 6231 

5.1 Observations 

5.1.1 Spectrophotometry 

5.1. 2 Photometry 

5.2 Results 

5.2.1 HD 152270 

5.2.2 HD 151932 

5.2.3 Interstellar RedQen:i.n9 

v. 

66 

66 

73 

75 

79 

79 

79 

83 

88-

90 

90 

90 

92 

92 

94 

94 

99 

106 

109 

111 

111 

·111 

116 

11'6 

116 

l~ 



5.3 Possibilities of Companion for HD 151932 

5.4 Atmosphere of HD 151932 

5.5 possible Atmospheric Eclipses in HD 152270 

5.6 Atmosphere of HD 152270 

6.THE LINE EMITTING REGIONS 

6.1 Roche Surfaces 

6.2 Inferences from IR and UV Studies 

6.3 Comparision with other eclipsing systems 

6.4 Peculiarities of Some Emission Lines 

6.4.1 Total flux variations 

6.4.2 Radial velocities 

6.4.3 Effects of the companion 

6.5 Sporadic Events 

6.6 Evolution 

7.SUMMARY AND FUTURE PROSPECTS 

REFERENCES 

LIST OF PUBLICATIONS 

vi 

122 

126 

126 

129 

131 

132 

137 

138 

141 

142 

143 

146 

151 

152 

158 

163 

174 



to 

my helovee father 

$u.noara Rao 



ABSTRACT 

The construction of a kinematical and physical picture of a 

Wolf - Rayet atmosphere was attempted by late Prof. M.K.V. Bappu 

and the present work is a continuation of the understanding of 

these atmospheres. The binary systems have been chosen with the 

idea of seeing the variation of the atmospheric structure as it 

manifests in the presence of the companion. The simple method of 

observation of the flux variations was suggested by Prof. Bappu 

for this study. 

Generally the atmospheres of Wolf - Rayet (WR) stars are 

known to be extended. This was derived from the velocities of 

the emission and associated absorption lines. Further studies 

have shown that there is some type of stratification possibly 

prevalent in these atmospheres. 

To study this, the binary systems with WR components are 

chosen. When the companion passes in front of the primary WR 

component, atmospheric eclipses are expected to become 

noticeable. This can be observed as the variation in the total 

flux of the emission I ines under study. Spectrophotometric 

techniques provide accurate flux estimates and continuum energy 

distributions as well. The effect of the earth's atmosphere on 

the measured value of flux and the role played by the minor 

constituents of the atmosphere will have to be taken into 

account for this estimation. 

For this study, one of the objects chosen was the shortest 

period binary with WN7 component, CQC~p. The line profiles have 

established the complexity of. t;he atmosphere.· Tb~ecJj.pse '·f~iec.r~ 
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is displayed by only one line - N V line at A 4693. The radial 

veloci ty curves (RV) for different emission 1 ines indicate 

different orbital solutions. The continuum distribution also 

does not reveal the identity of the companion. Based on the flux 

variations, it is possible to arrive at the asymmetric 

distribution of the line emitting material as a possible cause 

for non-eclipse effects. 

The second obj ect chosen for study is HD 513896, which was 

considered as single earlier. Recent accurate RV and light 

variation studies have given it the status of a binary. The 

emission flux variations, which are reported in this work, 

reflect the asymmetric distribution of the line emitting 

material. The nature of the companion becomes indirectly 

evident, in the distortion of the atmosphere. Fast photometric 

measurements show variations, which may imply mass transfer and 

accretion. 

The open cluster NGC 6231 has two WR members associated with 

it, one of them being HD 152270 (WC7 + 0). This is an 

established binary with a period of 8.9 d. The measured flux 

show possible eclipse effects only for the high excitation lines 

like C III and C IV. On the other hand, the He I and He II show 

a scatter implying their non participation in the orbit. The 

photometric measurements in regions, which avoid the effect of 

emission lines, show that there is no eclipse of the continuum, 

as expected from the angle of inclination of the orbit, 3~·. 

The other member of the cluster, BD 151932 (WN7), considered 

single, shows irregular variation of flux all through. However, 
I 
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the photometric variations display a periodicity of about 6 d. 

Confirmation of this requires better resolution spectra to 

detect small changes of radial. velocity, if any. The existence 

of a compact companion puts it to the second WR phase in the 

evolution of a close massive binary and, at the same time, its 

membership to the cluster becomes doubtful. 

From the study of the binaries and suspected binaries, the 

effect ~f the companion on the extended atmosphere can be partly 

understood. The shortest period system, CQ Cep, has the flux 

variations caused by the asymmetric atmospheric structure, which 

may be explained by wind dominant Roche surfaces. Similar 

variations in BD 59896, with a slightly larger period, show that 

the companion is effective in distorting the line emitting 

regions. The flux variations of the spectroscopic binary HD 

152279 shows that, although the continuum eclipses are not seen, 

there is a possibility of atmospheric eclipses. Similar study 

of HD 151932 reveals the important aspect of a possible periodic 

variation only in the continuum and not of the line flux. This 

aspect can be established only by more detailed photometric' and 

spectroscopic investigation. 

Thus, 1 t appears that there is a general, stratification 

common to all the above mentioned WR systems - the higher 

excitation lines arising closer to the photosphere. This leads 

to the distortion of all the emission lines, like N IV, C IV etc 

for CQ cepe In HD 59896 such high excitation lines show moderate 

variations, while He II lines are m6re distorted~ In case of the 

still longer period binary HD 152279, the eclipse effects.' are 
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seen for the higher excitation lines like C III and C IV, and 

not for the He II and He I lines. When these results are 

compared with the available information on other binaries, many 

interesting results emerge. The atmospheric eclipse is evident 

in many spectroscopic binaries indirectly. Also the behaviour of 

the A 4686 line is different from other He II 1 ines in WN 

binaries. Similarly the WCs are likely to have the A 5696 line of 

C III as a special case. The results of HD 50896 and HD 151932 

show different types of emission and light variations. The 

possibility of a compact companion in the latter case becomes 

smaller, especially when the results on another system with 

suspected, compact companion, HD 76536, are compar.ed. Finally, 

the evolution of the WR phase in binaries and the possible 

effect on. the atmospheric structure are discussed, from which 

it appears that although the subgroups of.WRs are heterogeneous, 

the stratifications in their atmospheres, in general, are 

similar. 
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1. INTRODUCTION 

The Wolf-Rayet stars, abbreviated as WR stars, are characterised 

by broad emission lines of helium, oxygen, carbon and nitrogen, 

at various stages of ionization. They are broadly classified 

into two groups. The first group is associated with OB stars and 

the second with planetary nebulae. The latter group objects are 

generally found in the disk of the Galaxy and are separated out 

by their galactic distribution and proper motions. 

The WRs are further classified into various subgroups on the 

basis of the relative strengths of nitrogen or carbon lines of 

different excitation as well as helium and oxygen line 

intensities. The notation of WC, for those with strong lines of 

carbon, and that of WN, for those with strong lines of nitrogen 

are us~d for separating them into two sequences. In the earliest 

classification scheme by Beals (1938), no attention was paid to 

the absorption lines in the spectra of some WR stars. Later 

Hiltner & Schild (1966) modified the choice of different groups 

of emission lines for purposes of classification. They 

recognised subg roups WN4 to WN8 and WCS to WC9, based on the 

corresponding line strengths of nitrogen and carbon lines. The 

lines from the highest ionization levels are stronger in WN4 and 

weSt and relatively weak in WN8 and WC9. Although this 

classification was not quantitative, it was implied that the 

general level of excitation level increases as one goes from 

subgroups 4. to ,8. WN was further subdivided into.WNA and WNB; 

WNA has relatively narrow emission line and ... strting co~tinU!Y'tn 

while in wNB the lines are broaii. 



Smith (1968a) reclassified these subgroups taking into 

account both nitrogen and helium lines, in case of·WN, and 

carbon, helium and oxygen in case of WC (Table 1.1). 

The association of WRs with young clusters and Associations 

is expected to restrict them to the spiral arms of the Galaxy, 

like the Cygnus-Orion arm, Sagittarius-Carina arm, Vela spur and 

Perseus arm and none towards the anticentre direction. However, 

in the most recent and exhaustive catalog of van der Hucht et 

al. (1981), where all identified galactic WRs down to 16th 

magnitude are listed, their distribution is not found to be 

restricted to the galactic plane, as was thought earlier. The 

new, high space velocity stars included in the list make it a 

complicated distribution. 

The luminosities, temperatures and other physical parameters 

of WRs are not easy to determine because of the observational 

difficulties and lack of satisfactory models. The relation 

between the two· subgroups also is not known def initely. Two 

stars of the same subgroup donot show identical energy 

distributions. However, with some WRs being the members of open 

clusters and a large number of them in the neighbouring galaxies 

of the Large Magellanic Cloud (LMC) and the Small Magellanic 

Cloud (SMC) identified, it has been possible to derive the range 

of luminosities and effective temperatures (Smith, 1968b). 

Recently, Massey (1985) has discussed the distribution of 

WRs in the Galaxy and also in the local group of galaxies. He 

has shown that WRs can effectively be used as probes of massj,v$ 

star contents in other galaxies, by emission line~,ve)'$. 
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WN types 

WN9 
WN8 
WN7 
WN6 
WNS 
WN4.S 
WN4 
WN3 
WN2 

WCtypes 

WC9 
WC8.5 
WC8 
WC7 
WC6 
WCS 
WC4 

Table 1.1. C laasH Icatlon of W olf-R ayet Stars (5 m IthJ 1968b) 

Nitrogen ions 

N III present, N IV weak or absent 
Nm»N IV 
Nm>NJv 
N m-N IV, N v present but weak 
NJJJ-NJv-Nv 
N IV> N v, N III weak or absent 
N Iv-N v. NUl weak or absent 
N IV« N v, N III weak or absent 
N v weak or absent 

Otner criteria 

He t, lower Balmer series P Cyg 
He IStrong P Cyg. N III A 4640 ... He II A 4686 
He IweakPCyg.N III A4640 < He 11>'4686 

Strong He II 

Carbon ions Carbon, oxygen ions Other criteria 
A 5696 C 111/ >. 5805 C IV A 5696 C 111/,.\ 5592 0 v 

C JlI>C,v o v weak or absent C II present 
C III>CIV o v weak or absent C II not present 
C m"C IV o V weak or absent 
C I1I<C IV CIII»OV 
C lJJ«t IV Cm>Ov 
C Ill« C IV CIII<OV 
CIV strong, Ov moderate 
C III weak or absent 
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1.1 Variability of WR stars 

Many of the WRs were identified as light variables and 

spectrum variables. From a study of these systems, it was found 

that four of them show eclipses - V444 Cyg(4.2d), CQ Cep(1.64d), 

cx Cep (2 .ld) and HD 211853 (6. 6d) - the orbital per iods are 

indicated in parenthesis. The case of CV Ser is strange because 

it has ecl ipses recorded pr ior to 1970 (Hj ellming & Hiltner, 

1963) and later the eclipses were not detected at all (Cowley et 

al.,1971). 

Some objects like HD 50896, HD 96548, HD 164270 and MR 87 

were known to be definitely variables, while some like HD 76536, 

HD 104994, MR 80 and HD 165763 were suspected to be variables 

(cf. Underhill, 1968). 

The presence of absorption lines in the spectrum of some 

WRs t noted in the classification scheme itself, and in some 

cases the associated variability, made it possible to postulate 

the OB companion to these stars. This led to the discovery of 

the WR spectroscopic binary, V444 Cyg, as early as in 1939 

(Wilson, 1939). Later many other systems displaying variations 

in spectral features were discovered and the absorptions were 

generally associated with the companion. Niemela (1973) pointed 

out the H absorption line behaviour in the binary HD 92740, 

suggesting a velocity curve that goes with the WN component 

itself. This phenomenon, in CQ Cep (McLaughlin & Hiltner, 1941) 

made it difficult to identify the spectral type of the 

companion. Lately it has been found that many, in the subgrQup 

WN7 to WN9, display absorption lines •. Therefo,re theoonclusive 
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evidence on the binary nature should be derived from the 

observations of periodic phenomena like radial velocity (RV) or 

1 ight var iations. Many WRs with absorption features in their 

spectra have been invest igated by Massey (1980, 81), Massey & 

Conti (19 81a, b, c) and Massey, Conti & Niemela (1981) in a 

series of papers~ Thus only twenty out of the 159 galactic WRs 

are established as binaries in the catalog of van der Hucht et 

ala (19Bl). As mentioned earlier, only four of them show 

eclipses (Table 1.2). 

An inspection of this Table shows that the binary nature 

predominantly appears among the subgroups WN4 to WN7 and we6 to 

WC8 only. The other interesting point is that the orbits are 

generally circular, except the long period ones, like y2 Vel 

(P=78. Sd), HD 190918 (P=112. 8d) and HD 92740 (P=80. 4d), and 

those with small mass functions like HD 50896 and HD 197496. 

Further, it may be seen from the observed mass functions that 

the range of masses of WN is different from that of WC. 

The difference between the WN and WC groups has been 

attempted to be understood in terms of the ionization, 

excitation and structural differences among them rather than the 

chemical compositions. Underhill (1968) attributes the 

differences mainly to the temperatures. However, there are some 

unexplained features. The similarity of the C III and N III 

ionization levels and the dissimilar spectra of some subgroups 

make it difficult to draw any conclusion. The infra red 

measurements (Hackwell et al., 1974; Cohen et al., 1975) have 

shown that there is an infra red excess of ene.J:"gyat lOll , :which 



Table 1.2 Binaries with Wolf-Rayet components from 
van der Hucht et a1. (1981). 

WR HI> P Sp I(M) tI Sin':. i. i ~ .l1.wiL • .. d'-vI Tvpe M!, MI) Ms. 

21 90657 B.:2 WN4 10. 4 9.5 45 25 0.43 0.0 
04-6 21. 1 58 

31 94546 4.9 WN4 H2.4 8 e o. 34 0.0 
07 24 24 

127 186943 9. 55 WN4 3.9 9-11 70 13 0.52 0.0 
09V 17-21 25 

133 190918 112. e WN4. :I 1. 24 o. 7 25 9 0.26 0.43 
09. ~H 2.7 35 

151 ex c.p 2. 13 WN5 5.4 5 50 5-11 0.43 0.0 
08V 12 12-16 

6 50890 3. 76 WN5 0.01:1 (6.9) 0.34 
SBI 

139 193576 4.21 WN5 12. 4 10 72 12 O. 39 0.0 
06 26 31 

136 192163 4. 5 WN6 0.0002 (:29) ? 
SBl 

141 193928 21.64 WN6 4.9 (0.55) 0.0 
SBt 

153 211853 6. 69 WN6 16. 1 50-60 10-2:1 0.22 0.0 
0 45-114 

47 311884 6. 34 WN6 14.4 40 70 50 0.B4 o. 0 
O:lV 47 60 

~ 92740 80. 35 WN7 1.67 64 2.67 o. 55 
07 24 

155 211884 1.6 WN7 5.1 23 40 23 1. 19 o 0 
eo C.p 07 19 19 o. 11 

148 197406 4.32 WN7 o. 025 

145 AS 422 22 
SSt 
WN 7.7 
WC 

BINARIES WITH we COMPONENTS 
4B 113904 18.34 \.IC6 9.9 o. 0 

09. 51 
42 97152 7.89 WC7 3. 7 36 35 20 o. 59 o. 0 

07V 6. 1 34 
11 152270 8.89 WC7 2. 7 1.8 25 20 0.36. 0.0 

05 5.0 56 
79 6B273 78. 5 weB 13. 7 17 70 20 0.54 o. 40 

091 32 38 
113 168206 29. 71 we8 15.0 11 60 11-14 o. 37 0.0 

08V 22 30 
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is characteric of free-free emission. They also have shown that 

WC 8 to 9 subgroups show cool blackbody emission with 

temperatures ranging from 800 to 1800° K. Therefore, the ori9in 

of this circumstellar dust, which appears selectively in some 

subgroups only, also is another problem. Many WN subgroups show 

the lines of carbon as well; while the we subgroups show little 

or no nitrogen. Therefore, the classification may be termed as 

based on predominant ions, which are I well developed I in each 

subgroup (Sl\1ith, 1973)'. 

Conti (1982) classifies the subgroups on the basis of 

elemental abundances, as follows; WN subtypes result from the 

evolution of stars in which the CNO equillibrium products are 

observed on the stellar surface. These include helium and 

nitrogen and diminished carbon and oxygen. we subtypes result 

from the appearence of products of helium burning in which 

carbon and oxygen are enhanced at the expence of helium and 

nitrogen. It may be rembered that the central stars of planetary 

nebulae, which represent the final stages of evolution, are rich 

in carbon and oxygen, as a consequence of their evolution. 

1.2 Evolutionary Status of WR stars 

The WRs are accounted for by var ious scener ios, which are 

generally centered on one aspect of evol~tion. The binary mass 

exchange phenomenon was suggested by paczynski (1973) for the 

formation of the WR phase of the more massive component. Conti 

(1982) diScussed the similarities of the WN and Of objects 

suggesting an evolutionary. connection between the two. The 

detection of dust shells ,surrounding cert~in subtypes led Chioei 
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et al. (1978) to postulate a post red giant phase corresponding 

to the WR phenomenon. Maeder (1983) has put forwara the argument 

of chemical mixing being responsible for the WR phenomenon. He 

also has shown that the time spent by a massive star as a red 

supergiant ana as a WR object is dependant on the metallicity. 

Appenzeller (1970) has deriveo the vibrational instability 

of massive stars, which is discussed in the context of H II 

regions by Conti & Massey (1981). The nebulae are thought to be 

dominated by the effects of a few, very massive, unstable 

objects with WR spectra. 

In the case of binaries, two WR phases of almost equal 

durations have been postulated (Tutukov & Yungelson, 1979; de 

Loore & De Greve, 1975; van den Heuvel, 1976). 

OB + OB --------) WR + OB ------) C + DB ------> C + WR 

The Roche lobe overflow (RLOF) provides a strong means of mass 

loss in binaries. The evolutionary calculations of de Loore 

(1980) show that the fir.st phase corresponds to the more 

familiar (WR+ OB) phase, which can be detected as double 1 ine 

spectroscopic binaries. The following supernova explosion of 

the WR component gives a pair (Compact star + DB). This 

eventually evolves into (Compact star + WR) as a runaway single 

line spectroscopic binary. Following this scheme, it appears 

that the frequency of the (WR + Compact) systems might be 

similar to that of (WR + OB) systems. Therefore, it becomes 

important to find out whether the. single stars are truely 
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single, or (WR + C) systems, or (WR + DB) systems, in which the 

DB companion is masked. It was possible. to detect the other 

three phases of the scenerio, namely binaries with both DB 

components, WR + DB systems and DB + Compact systems. Even the 

following phase of WR + Compact may be considered as detected, 

w hen 0 n e incl udes the possibil ity of runaway pulsars as 

binaries (Radhakrishnan, 1985). 

The detection of (WR + C) phase needs high resolution 

spectra in optical, supplemented byUV and IR data, as has been 

done for (DB + C) systems (Garmany et al., 1980). Indirect 

evidences like low mass functions from radial velocity (RV) 

curves, peculiarities in light curves, larger values of I zl, the 

distance from the galactic plane, associated nebula or ring, are 

probably useful here. Table 1.3 lists the possible candidates 

for (WR + C) phase (cf. Moffat, 1981). It may be noticed that 

there is a preponderence of low excitation subgroups of WN, 

excepting the case of ED 164270, which is WC9. Many of the 

candidates like HD 50896, HD 192163 and HD 197406 have more than 

one of the four properties mentioned above as indirect 

evidences. The derived masses of the WR components are as large 

as those derived for those in (WR + DB) systems. 

1.3 The Atmospheres of WR stars 

Beals (1938) made the first attempt to study the WRs in 

great detail. Noting that the spectral line prof iles resemble 

that of novae, he postulated the expanding atmosphere 

hypothesis. Such an expandifig atmosphere is known to exist for 

many other systems like the novae, supernovae, the}? Cygni type 

13 



Table 1.3-

WR+ COMPACT SYSTEMS WITH Lm~ MASS 

HD Sp. Type Assoc. H II Z ( pc) PCd) e V, (krr,~-' ) t'i wRII"10 

I 
50896 WN5 8308 • -356 3.8 O. 34 36 12 

192163 WN6 NGC 6888 + 53 4. 5 O. 3 20 27 

193077 WN6(+OB) £:109 + 29 2.3 o 0 16 51 

97950 WN6(+OB) NGC 3603 r 68 3.8 O. 0 54 5> 

38268 WN6(+OB) 30 DoT' 4.4 O. 0 43 ( 7) 

197406 WN7 +799 4.3 O. 11 90 ( 1. 3) 

96548 WN9 RCW 58 -342 4.8 0.0' 10 71 

86161 WN8 282.2-2.0 -181 10. 7 O. 0 6 104 

109 BAC WN8 S 80 +264 2. 4 O. 0 13 68 

177230 WN8 -824 1.8 O. 0 22 35 

164270 WC9 -228 1.8 0.0 20 41 
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stars and the supergiants. Bappu (l95la) has shown that all 

emission lines originate in these extended atmosphere~ and their 

profiles reflect the complexity of the dynamics prevalent in 

these atmospheres. He studied the line profiles of many WR stars 

and derived the colour temperatures, assuming their formation in 

an extended shell. 

As mentioned earl ier, it was observed that some WRs show 

absorption lines in their spectra. It was also found that these 

absorption lines arise in a region different from those of 

emission lines. This was shown by Bappu (1973) as an inverse 

relation between the velocities of these absorption components 

and the corresponding excitation potential of the upper level. 

This relation implies the material accelerating outwards. Such 

weak absorptions were detected for C IV lines as well (Gir1dhar 

& Bappu, 1978) and for many more systems (Moffat & Seggewiss, 

1978; Niemela & Sahade, 1980). 

Based on a detailed study of the WN7 stars, Moffat & 

Seggewiss (1977) show that the N V lines with average velocity 

of -55 km~1are formed closer to the star's surface than He II 

(-155 kms -1), N IV (-200 kms-1) and He I (-670 kms-1). The line of 

He . I at A 3888 is different from others: it displays a flat 

topped profile and the velocity is more negative (-1200 kms1). 

Therefore, it is more likely that H absorption lines are not 

formed in the 'extended envelope', where the emission lines 

originate, but they are formed closer to the photosphere 

(Sahade, 1981). This further requires that the atmospheres be 

transparent to such photospheric lines,· whtcb is not true in 

1.5 



many cases. Sahade (198l) mentions about the following 

exceptions: 

1. HD 193077, WN5, which displays absorption features and is 

apparently single. 

2. e Muscae, (WC6 + 09. 5-B0), which also shows absorption 

features. 

Thus, the variability of line profiles can be intrinsic and 

need not necessarily have any relation to the binary nature. In 

case of the binaries, which are established for duplicity by 

other techniques, the profile variation can be used as a tool to 

understand the nature of the companion, which, in many cases is 

not possible otherwise. The non periodic intrinsic variations 

are likely to be present in binaries as well. For single 

systems, such variations can be associated with the asymmetry 

and inhomogeneity of the atmosphere. 

Generally, the observations of WRs are difficult because of 

the faintness of the objects. Further, they are available 

together as a group in selected regions of the sky. Hence a 

derivation of any periodic variation can lead to anamolies. A 

more detailed examination (Vreux, 1985) of such derivations from 

light variations shows that all derived periods are aliases of 

shorter periods. The true period in most cases turned out to be 

about 0.45d and a non-radial pulsation, explanation has been 

offered. Therefore, it appears likely that many stars grouped as 

(WR + C) systems, are single. 
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1.4 Need for Studying Binaries 

Bappu (195Ia) had mentioned that the study of binaries offer 

wider scope for understanding the peculiarities, because a 

variable phenomenon discloses more of its nature than a steady 

one. Eclipsing systems provide still better chances as seen in 

case of r,: Aur, where the eclipse effects of the extended 

atmosphere of the K star by the B companion can be observed. 

When any spectral line changes its profile, this can be 

interpreted in terms of the geometry of the situation. 

Of the many binaries listed in Table 1.2, only V444 Cygni 

has been well studied (Kuhi, 1967; Ganesh et al., 1968). When 

the companion passes in front of the primary, WN5, atmospheric 

eclipse effects are expected to become noticeable. However, the 

tidal effects dominated the situation and it was not possible to 

study the atmospheric structure. Ganesh et ale (1968) showed 

that the different emission lines yield different types of 

orbital solutions, which may reflect the effect of the companion 

on the extended atmosphere. Such results emphasize the need of 

the study of binaries in great detail. 

1.5 Scope of the Present Investigation 

The variability of the total flux as measured from the 

ground based telescopes can be used as a tool for understanding 

the emission line behaviour ~n binaries. The binaries are CQ Cep 

and HD Se896. Further, two more systems HD 151932 and HD lS227e 

which are members of a cluster are studied for possibility of a 

companion in one case and for possible atmospberic eclipses in 

the other case. 
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The second chapter describes the instrument and the 

reduction procedure. A detailed study of the extinction due to 

earth's atmosphere in the context of astronomical observations 

also is presented. The method of derivation of absolute flux 

also is described. A comparision of the extinction measures with 

the meteorological measurements of ozone and water vapour 

content is made to understand the effect of these on the earth's 

atmospheric extinction. 

Each system, that is studied in this work is presented as a 

separate chapter. The Chapter 3 deals with the study of CQ Cep, 

which is chosen because of the short orbital period (1.64d). 

This was studied spectroscopically by many investigators and the 

complexity of the emission and absorption lines were discussed. 

In this work, all the lines in the visible region, which were 

easily identifiable, have been studied for flux variations. This 

is supplemented with the datafrom the collection of recorded 

spectra by Bappu. The technique of spectrophotometry used here 

also provides monochromatic magnitudes at different wavelengths 

so that the emission-line-effect-free light curves can be 

constructed. Since none of the emission or absorption lines 

depict the movement of the companion, the identification of the 

companion has been sought through energy distribution studies. 

This situation of no contribution either to line flux or to the 

continuum is sought to be resolved in this Chapter. 

The fourth Chapter describes the study of HD 50896,· which 

was considered to be single till Firmani at ale (1979) 

establ ished its dupl icity. The. emi ssion ; 1 i~e var iations ip. 
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different seasons have been studied to understand the asymmetry 

in the atmospheric structure, which is possibly due to the 

presence of the companion. The signature of the companion is 

sought for in the flux and continuum measurements. 

The fifth Chapter deals with the two members of the open 

cluster NGC 6231, HD 151932 and HD 152270. They were chosen for 

the following reasons: It was thought that ED 151932 was a 

binary because of the excess reddening it displays (Bappu, 

1973). A possible period of 3d had been derived by struve 

(1944). However, this was disputed by Seggewiss (1974a), who 

showed that the interstellar lines. also had similar variations 

of velocity. The other system of HD 152270 is known to be a 

spectrscopic binary of period about 9d. In this case although 

the angle orbital inclination is not favourable for eclipses of 

the continuum, atmospheric eclipses are anticipated. This will 

help in understanding the atmospheric stratification. 

The sixth Chapter discusses the result . of all these systems, 
. 

to understand the effect of the companion on the extended 

atmosphere. The asymmetric wind dominant Roche surfaces are used 

to explain the flux variations. The peculiarities of some 

spectral lines, in particular He II A 4686, are discussed and 

compared with the available information for all binaries. The 

possibilities and the effects of compact companion are 

discussed; in this context the results on the system HD 76536 

are presented to search for the suspected' companion. Some 

sporadic events common to all systems are discussed. All these 

aspects are made use of to underst.and the possible atmospher;i.c 
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stratification. This can throw some light on the evolutior1ary 

scenerios proposed for the evolution of the WR stars in general 

and the binaries with WR components, in particular. 

The seventh and final Chapter discusses the usefulness of 

the technique of spectrophotometry in the study of such systems 

with extended atmospheres. A possible extension of this.technique 

to other systems of interest also is briefly narrated. 
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2. OOSERVATIONS AND REDl£TIONS 

Eversince the recording of spectrum of celestial bodies was 

developed, the need for the determination of absolute flux of 

radiation was felt. The earliest attempts were for the 

comparision of flux fran stars with black body sources. The most 

direct method of recording flux is to place a detector behind the 

sli t of the spectrograph. The technique of photography is very 

widely used but the serious disadvantages are those of IDnited 

range of intensity and the plate calibration accuracy. The non

linearity of the plate response with reference to the intensity 

also is very well known. 

After the advent of photoelectric detectors in astronomical 

applications, very accurate flux measures have been made 

available. These measures are always made relative to standards 

and the accuracy achieved is about 1% (Oke, 1965). When one 

compares the photoelectric and photographic techniques, the 

linearity of the response of the photoemissive cathode 

imne1iete1y becomes evident. Although time resolution is lost in 

this, because only one of the regions of the spectrum can be 

recorded at a time, the higher quantum effeciency increases the 

accuracy. Another advantage is the higher precision, that can be 

obtained by increasing the exposure time, which is not possible 

with the photOgraphic detectors (Code & Liller, 1962).· Special 

detectors can increase the wavelength of operation fran tN to IR. 

The earliest record of suell scanner applicatlons '~s tltat 'o'{ 

Dunham and Bruch (of. wri9ht, 196-2), whop:r;oduced '~. sQ,~r.~ II 



line profiles. This technique was used by Hall (1936) with an 

objective grating to scan the spectra of stars in the wavelength 

range of 4500 to 10,300 A. Later developments of the instrument 

involved the movement of the slit to scan the spectrum. Further 

sophisticated versions employed the movement of the dispersive 

element, like the prism or the grating, and a stationary detector 

behind the exit slot. 

Variety of applications other than the measurement of energy 

distribution have been attempted. The three parameter system of 

spectral classification based on the magnttude of Ba~er 

discontinuity 0, its position ~ and the gradient~, m the blue 

by Chalonge (cf. Wright, 1962) is a very important application. 

Wa1ravens (cf. Wright, 1962) have classified the stars according 

to luminosity and spectral ~ by means of a photoelectric 

spectrum analyzer. The study of the line profiles using 

photoelectric techniques is considered to be as effecient as the 

photographic technique as shown by Wright (1962). 

The type of dispersive element that is adopted in such a 

photoelectic spectrun scanner is decided by the desired 

application. For measurment of colour, Trodahl et al. (1973) used 

a semicircular wedge. They covered a range of 4000 to 8000 A for 

measuring the colo~ indices relative to standard stars. This 

scheme of stellar classification employed prisms. The continuum 

energy distribution studies and line profile analyses can be done 

wi th only gratings, which have the advantage of linear dispersion 

and wavelength independent reflecting surface. 
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F"I9ur~ 2.18 The automated spectrum scanner at the Cassegraln 

focus of the 10Zcm reflector. 
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2.1Tbe Instrument 

Various arrangements of optical elements for photoelectric 

spectrophotometry have been discussed by Code & Liller (1962) in 

great detail. The basic priniciple is to measure a sample of 

unifODn width of each wavelength region. The selection of sample 

is achieved by rotating the grating so that the exit slot sweeps 

through the spectrum. The detector behind the slot records the 

different samples sequentially. 

The 102 em reflector af Kavalur Observatary has the 

provisian far mounting a scanner at the Cassegrain focus (Bappu, 

1977). The instrument has the aptical system af Ebert-Fastie type 

as shown in Figures 2.1 a & b. The ca1limatar is a spherical 

mirror af one meter radius and matches with the f/13 beam fran 

the secoooary mirrar af the telescope. Circular as well as 

rectangular slits at the entrance are available. Generally, the 

circular one af 8001.1 is used, which carrespooos to, the 13 arcsec 

af the sky. The plate scale at the Cassegrain focal plane is 16 

arcsec mn-1 

. -1. 6 0 The 600 hnes m:n grating blazed at 7 0 A, yielding a 

dispersian of 25 A nm-1 at· the exit slot was used. The 

resalutian, r, af the equipnent may be calculated, in A as, 

50 a F 
r = ------

g n f 

where, 

a ;;:: stellar Unage diameter in arcseC, 

F/f· = ratio' af focal length of telescope to spectrograph 

collimator, 

9 ;;:: runber of grooves per am of the .grating, 



n.=·order of the spectrum (cf. Oke, 1965) 

For the case with 699 lines nm -1 grating and first order, 

the resolution works out to be about 3 A for seeing conditions of 

the order of 2 arcsec. However, for better sIN ratio the exi t 

slot is opened to larger dimensions. Al though there is a 

provision to open to a~ost 6nm, it was usually kept at a lower 

value. A reading 'of 49 on the circular scale was usually 

considered reasonable, Where each division corresponds to about 

9.5 A, in the first order. This results in a channel dispersion 

of a~ost 19 A and a resolution of nearly 29 A in first order; 

these values are 5 A and 19 A in the second order respectively. 

The exit slot was sanetimes opened to 109 divisions (.... 50 A in 

first order) for very faint objects. 

The rotation of the grating is achieved by a stepper motor 

with 299 steps per revolution. Each step corresponds to one 

channel, i.e. about 19 A in first order. The poSition of the 

grating can be read out to an accuracy of one channel by a dial 

gauge. The calibration of this dial gauge is done with the help 

of a laboratory source, which is a mercury lemp in this case .. 

There is a provision to isolate the red region from ~ 

second order blue wavelengths by introducing a filter just before 

the exit slot. The filters that are generally used are W 25 or 

001 for the red re;3ion and BG 12 or BG 14 for isolating the 

second order blue region. G::; 13 ~s used in the first order 

visual region. 

The output fran the photanultiplier was fed to an anplifier 

and discriminator, whose basic function: is to anpl1fy the anall 

PMT output current of the order 'of nA and l.t A. ODe of the 



requirements of such an amplifier is the high input ~pedence. 

The decrnninator converts the output fram the amplifier to 

voltage levels compatible with a digital counter. This technique 

of pulse counting has the advantage of longer integrations, Which 

is not possible with the conventional rc techniques. The pulse 

amplifier descrilninator (PAD) has a very high input ilnpedenoe. 

This uni t was tested on a UBV photometer and the gain was so 

adjusted that it does not saturate for reasonably high pulse 

rates, at the same tnne attanpting to achieve max imun effeciency 

for faint light levels. This procedure, called the 'dead time 

correction', essentially ensures that the pulses are not missed 

during counting, especially when the pulse rate is very high. 

This type of optmized gain adjustment and the smaller band widths 

employed in our work prevented the attainment of saturation even 

when stars as bright as y Gem (mv = 1.93) were observed. 

The detector was generally the S20 surface. During the 

observing seasons of 1980-81 and 1981-82, the refrigerated EMI 

955$ tube was used. The tube EM! 9804B also was occasionally 

used, for only the blue region. For the season of 1982-83 and 

later, a new EMI 9658R was made available, with a built-in PAD 

from 'Products for Research'. This could be fitted to either a 

tbexmo-couple cooled chamber or· a dry ice cooled chamber. 

Sui table Fabry lenses were mounted onto these chambers. In 1985 

another detector, RCA 31031, with a better response in the long 

wavelength region also was available. This was especially useful 

in deriving the continuun distribution up to almost 9500 A. 

The pulses fran PAD served as input .to an on-line canputer 
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TOC-12 (4k, 12 bits, 2ps), where rapid counting was possible. 

There was provision for two modes of operation. The first ore, 

called the sequential mode, pennitted a continuous scanning of 

the spectrl.l1\, to a maximun of 200 channels (20013 A in first 

order). The second mode, called the randan mode, would scan only 

certain waveleD3th bams, which may be specified in tems of 

channel n\lllbers, through mercury lamp calibration. This mode was 

particularly, useful in monitoring faint sources, where avoiding 

regions of very little interest, total observing time was saved. 

While observing the red regions, the unwanted (earth's) 

atmospheric absorptions also may be avoided by this mode. 

HOwever, this has the serious disadvantage that the backlash of 

the motor would shift the, region of interest in to a gap, after 

several nlmlber of observing runs. This danams the recalibrat'ion 

wi th the mercury , all too often .. 

The time spent at each channel, during a scan, could be 

chosen fran 1 ms to 999 ms. This choice was mainly decided by sky 

condi tions. The faintness of the source (star) decided the total 

nmiber of scans per observing run. This meant that while a total 

duration of 4 to 5 minutes was sufficient for a brighter star 

(mv = 6 ) in the blue r8,3ion, amut 15 to 20 minutes were needed 

for a fainter star (mV-10). The total time spent at each channel 

varied fran 1 to 10 secooos. 

The counts were monitorea at fixed time intervals (one or 

two minutes) at the erx1 of which, the, maximun and minimml counts 

wm:e printed on a line printer.. The scanning could be continued 

or halted on an inspection of these values. The ,spectrun can 

then . be pr inted out as a table wi til t'QrU\ing cllannel, ' ,illJI.iber, on 



ccmnand. 

The computer TDC-l2 was later replaced by a microprocessor 

controlled photon counting system. This equipnent mimicked the 

perfoonance of TDC-12 with several additional features. The size 

of the memory was increased to (16k ROM + 4k RAM) so that larger 

wavelength coverage was possible at a stretch. An oscilloscope 

displayed the building up of the spectrcrn, scan after scan, 

making the monitoring easier. Apart from this, the maximcrn and 

minimun counts were also displayed. The most important addition 

was the built-in clock, Which facilitated the printing' of the 

times of the be:Jinning and ending of each observing run. 

2.2Tbe Instrunental Perfonnance 

The instrument has alr~dy found a variety of applications 

from comets to stars (Sivaraman et al.,1977; Bappu et al.,1978; 

Shylaja & ~rabhu, 1979; Babu & Shy1aja, 1981, 1982 a & b, 1983; 

Shy1aja, 1983, 1984, 1985; Shylaja & Babu, 1985). Applications to 

W01f-Rayet stars in particular has been discussed by Bappu 

(1977) • 

For the present stqdy, the blue region has been observed in 

the second order, I?o that anission lines are resolved. The red 

region has been covered in the first order. Some sample scans 

showing stars of different spectral types are shown in Figures 

2.2 (blue). The figures inclOOe ~me . nova, where e\7en the violet 
, 

absorption edge is cleariy identifiabLe, in spite of the poor 

resolution. In case of peculiar A stars, the depression at 5290 A 

is .stiking in the scans even before any correction is applied. 

It may bE! inmedietely seen that tbeinst~t is suited fOr 
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the study of broad band emission and absorption features. 

2.3Standard Stars 

To determine the absolute energy distribution of a star, the 

observed scan should be corrected for various contributions from 

sky conditions, telescope optics, detector sensitivity and noises 

generated in the process. For this purpose a Lyrae is chosen as 

the primary standard. Many lists of the secondary standards are 

available in literature' (Oke, 1964; Hayes, 1970; Breger 1 1976). 

Generally these standards are all of spectral type A and B, and 

are not calibrated in the regions of convergence of the Balmer 

and Paschen lines i.e. 3600 to 4000 A and 8200 to 8600 A. To 

overcame this difficulty many 0 type standards (RUan & Kuhi, 

1976) and late type stars (Fayet al., 1975; Taylor, 1982) are 

made available. The list of standards used in the present study 

are compiled in Table 2.1. 

On the same night atleast three standards WEIre monitored to 

COVer a range of hour angles. They wax. chosen to be of spectral 

type similar to that of program stau:e. '-. procedure adopted fot 

obtaill3 these soallS was as ~ollo_ 

1. Mercury lamp to fix 1.lP the 'Wa~$ngth region 

2~ Standata start1 bl us t*;J ~ ()n 

3. Sky neat IItd .. st~r in bltl$ regl()p, 

4. ~td .. stat 91 lnred ~~,I:_ 

s. str:,~ tit<) .ta';t'.;"',,,~ 

,iIt,' ~" '.' ','_ ~:.:~ .... Ir~ ;~\l_, ~~ 1l"IP ~OJ#_ ~I. :r.iI\!:~ __ 

"If;.:"'''' ..... ,_ .... 
L, ~ II 11111I1:!1I1II," 

L_-lIllllt\"'''._ + 

• 



Table 2.1 List of standards used in the present study. 

NAME HR NO. MAGNITUDE B-V SP.TVPE 

~~Cet 719 4.28 -0.06 B9 III 

Y Gem 2421 1. 93 0.00 AO IV 
27 eMa 2745 4.66 -0. 19 133 IIIe 

... ~ CMa 2827 2.45 -0.08 B5 Iii 
1; Pup 3165 2.25 -0.26 05 I 

11 Hya 3454 4.30 -0.20 B3 V 

61 Crt 4468 4.70 -0.08 Sq. 5 V 

109 Vir 5511 3.72 -0.01 AO V 

9 Sge 7574 6.2:3 +0.01 08~ 

58 Aql 7596 5.61 0.10 AO III 

E Aq,r 7950 3.77 0.00 Ai V 

A Cep 8469 5.04 +0.25 06 If 
10 Lac 86'22 4.88 -0.20 09 V 

29 Psc 9087 5.10 -0. 12 B7 III 

:n 



10. Std. star #2 in red region 

11. Std star #2 in blue region 

and so on. 

Care was taken to observe the program star as close to the 

meridian as possible. The calibration of the dial gauge was 

checked 3 to 4 times during the night with the help of the 

mercury lamp. 

2.4Atmospheric Extinction 

2.4. 1 Influencing parameters 

The model suggested by Hayes & Latham (1975) has been used 

to detennine the nightly extinction coeffecients based on the 

observations of standard stars as follows 

Consider a monochromatic beam of wavelength A entering the 

atmosphere fram outside, at a zenith angle z, with reference to 

the observer. The intensity as measured by the observer is 

decided by the optical depth T of the atmosphere as, 

I(A , T) = I( A , 0) exp [- T ( A ,z)] (1) 

neglecting the angular effects. 

The optical depth is defined as, 

't' (A ,z) = k( A ) X(z) (2) 

where K( A) is the extinction coeffecient and X(z) is the ainnass. 

The optical depth at zenith distance zero is 

T ( A ,0) = k( A ) (3) 

Hence, (I) can be rewritten as, 

I(A ,'l' ) = I(). to) exp[ook (). )X(z)] 

Ix 1n J(A ,'r) = -k(X) (4) 

Therefore, a plot of the ait:mass versus the natut:s] 

logarithn of the mes$u:ted 'inbims:ity give$. the slope ~ ~ X) , 
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the extinction coeffecient. The knowledge of the intensity prior 

to the entry into the atmosphere I(). ,0) , is not necessary. 

The extinction is caused by various factors. The main 

contributors are, Rayleigh scattering by molecules, molecular 

absorption and aerosol scattering. The Rayleigh absorption is 

defined as, 
1 (n-1). 2 (-h) 

AR¥/)' ,h) = 9.4977x10-3x: 4 [(n-O).=l ] exp 7.996 

where n is the refractive index at )., in microns, h is 

altitude of the place, i.e. the Observatory. 

The absorption due to ozone may be expressed as, 

(5) 

the 

(6) 

where Toz is the thickness of ozone in atmo.an, which is 

independent of the altitude of the place. 

The aeresol scattering is caused by the smaller particles 

(0. I II < diarneter< 10 II ) and this contribution may be estimated 

as, 

Aaer (). ,h) = Ao ). -Q exp (-h/H) (7) 

Ozone is known to absorb in two bands (Allen, 1976). One in 

the UV rEg ion with the peak at 27130 A and the other is in the 

visible region with the peak at- 6000 A. Therefore, the region 

in the range, 3800< A < 5000 A can be considered to be 'solely due 

to the aerosols and using (7) the coeffecient a can be 

calculated, if corresponding data are available. 

2.4. a:nnparision with Meteorological, Jllta 

In the present analysis, we analysed these atmospheric data 

in the followi09 way. Four ni9hts I data on very clear nights wer~ 

Chosen for this, purpose (Table 2.2). 'The totala):>sorptionwas 
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calculated fram a set of standard stars.The variation of this 

absorption on one such night is shown in Figure 2.3. Following 

van den Bergh & Henry (1963) this absorption was fitted in to the 

coeffecient as, 

k( A) = A + Bf A 4 (8) 

where A is in microns. 

The Figure also shows the effect of pure Rayleigh 

scattering. This was subtracted from the total absorption to get 

the contriburion fram other sources (Tug et a1., 1977; Hayes & 

I:atham, 1975). This accounts for the vertical shift between the 

two curves in Figure 2.3 i.e. the tem A in equation· (8) • This 

residual absorption, when plotted on an expanded scale, shows a 

general increase in the region of ozone absorption (Figure 2 .• 4). 

The ozone absorptipn coeffecient fran Allen (1976) also is shown 

in the Figure. 

To check these effects, the data from India Meteorological 

Department on ozone measunnents and T - , grams were obtained. It 

is possible to measuxe the amount of precipitable water content 

in the following way. 

Consider the water vapour contained in an air-column of 

thickness dz and let its density be py.Then the water vapour 

content is 9iven by , Pv dz.. If we extend this to the entire 

co1unn of air to a height z, "We get, 

w= /z. pdz 
o y 

The pressure in the element dz is. given by, 

dp == - pgdz 
. 1 
dz == --dp PI 

(9) 

(to) 
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where p is the density of the particles. 

Therefore, the total water vapour content is given by, 

P 
W = - f 

Po 

P 
...:..:!... 1 d 

p g P (11) 

The tenn q is called the specific humidity, which is defined as 

the ratio of the water vapour to that of air (dry air + 

moisture). Then the total water vapour content in a column where 

the pressure varies from p0 to pis, 

-
1 -( w = - q P - p) g 0 

(12) 

where q is the mean specific h\.Xnidity at that level. From the 

superposition of' isohygrics', Le. the curves of equal water 

vapour content, on the T-, grems, it is possible to read out the 

mixing ratio, for every 50 rob of pressure. This mixing ratio, 

defined as the ratio of mass of water vapour to mass of dry air 

is assumed to be differing from the mean specific humidity by a 

snall fraction such as 0.1. Hence, we can measure the quantity 

for every 50 rob difference of pressure and compute the 

precipitable water vapour content from equation (11). When this 

is added over the entire air-col\.Xnn 'We get the total water vapour 

content. 

These measurments are made from the ballon borne apparatus 

twice in a day at 5: 30 am arii 5: 30 pn 1ST fran selected places 

only. The nearest places for Kavalut were Bangalore (latitude: 

12- 55~ altitude:92lm) and Madras (latitude: 13- 04~altitUde:7m). 

It was decided to campare the measurements made fran Bangalore. 

Table 2.3 includes all these measures obtained fran lMD for 
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Table 2.3 Camp.rl,on of water vapour me .. urementa. 

p ,'ec i pit a b 1 e /J.·c;te1 IT! e C' ~ t'T E' 1'h en t 5 Water vapouT' ab SCl'T' pt jon meaSuTtt1nents 

DatE' Time Amount NanlE' of Time: ALsorption 
UT COl star Ul 1-

1980 Oct 2S' 12:00 1. 46 E A' T 13: 4~ 65 
HF~ ~21 6 14: 10 ~6 

1981 Feb 27 12:00 0.96 Y C£>n, 17'~5 38 
Hr·; 1732 1803 42 

1983 Feb 4 OrOO 0.80 
.f"Cet 12:00 1.37 14: 1" 47 

1984 Dec 13 0:00 0·47 .; Pup 23: 3e~ 42 
, Leo 23'!>~~ 46 

'It" Times of Dec 12 

Table 2.4 Am atar. ob.ernd on the lame night. 

Name Sp ~ 2 e(eff) 
HR # type 0984 ) 

73 Vir A4'1n 
5094 

-19 40 46 O. E>4 

" Vi r Am ··13 19 39 0, 50 
5359 

bO Hya Am -2e 00 49 O. 59 
559 

5762 Am -19 38 40 0, ~·3 

5975 Am - :I 49 25 O. 50 

.38 



th~se four selected dates. From stellar measurements, it is 

possible to estimate the absorption at the 7100 A band, after 

establishing the continuum energy distribution of the star. Such 

measurements made as close to the balloon launch time~ as 

possible also are included in Table 2.3. No apparent relation 

between the two is eIJ ident. 

In order to understand the variation of water vapour 

content, the measurements made on the same night were analyzed. 

stars of similar spectral type, at similar zenith distances, 

obseryed on the same night were used for this analysis. Table 2.4 

lists these stars, Whose effective temperatures have been 

est~ated (Shylaja et al.,1985). The variation in the water 

absorption band at 7100 A can be easily seen (Figure 2.5). This 

is also an important reason, other than the differences in times 

of observations and also in geographical locations of water 

vapour measures, for not finding any relation in the 

corresponding quantities in Table 2.3. 

The solar irradiance measues of DunkeJman & Scolnik (1959) 

used the practical measu~es of ozone to show the effect of 

absorption, by showed that the Huggins barxl absorptiOns in the 

region 3000< A <3400 A, show a relationship with ozone measures. 

For the above mentioned four nights of obervation,the ozone 

measures were obtained fran IHO. The nearest locations of these 

measurenents were Kodaikanal (latitude: l~ 14', altitude: 2343 m) 

and Pune(18titude: l8°41~ altitude: 559 m). These values of ozone 

measurE!'AeJlts are included in Table 2.2. It may be seen that the:te 

is a general increase in the· ozone content fran both measures 

during 1980. Howe\7er, significant variations in ozone content tn 
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time scales as small as a few hours are reported (cf. Hayes & 

Latham, 1975) and the meteorological measuranents may represent 

only a mean value. 

This comparative study definitely shows that within the 

accuracies achie\7ed here, equation (8) is valid. It may also be 

remembered that DunkeJroan & Scolnik (1959) have shown that the 

mean extinction curve lies 15% above the Rayleigh curve." Hence 

the tem A can be used to evaluate the constant a in equation (7) 

fram the residual absorption measures in the region 3800< A <5000 

A. These values of a also are included in the Table 2.2. Similar 

studies by de Vou Couleurs (1965) have shown that the volcanic 

eruptions of Mt. Agung on the island of Bali (11(0 ErrS), were 

effective in changing the value from 0.8 to 1.2 in 1963, at 

M:Donald Cbservatory (l04«»W 30' N). 

The values of A and B for different nights and seasons have 

been tabulated in Table 2.5 and shown in Figure 2.6 as well. The 

fluctuations in B are quite small and yields the average value 

around 0.014. The large varia~ions in the value of A are real, as 

the variations in particle density and other contributors show, 

fram the above discussions. 

On occasions when the sky conditions did not permit the 

detetmination of A and B, a canparision star of known energy 

distribution, monitored UDnediately after or before the program

star, was used, to derive the absolute flux. 

2.SInstruaental Corrections: 

At the 12 wavelengths listed by Hayes (1970) for continuum 

measure:nents which are free of any effect fran an18sioo or . 
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Table 2.S The extinction eoefflelenta A and B durl1'l9 1980-85. 

8 " B "-
Oct 80 0.0141 0.063 J.n 83 0.0160 0.052 
Dte 80 0.0145 0.042 F.b 83 0.0156 0.0!1 
Die 80 0.0127 0.054 H.,. 83 O.0U53 a.06t;! 

Ap,. 83 0.0161 O. oeo 
.J.n 8S O.013~ 0.070 Sep 83 0.0157 0.076 
F.b 81 0.013:2 O.O~O Oct 83 0.0140 0.095 
H.,. 81 0.0138 o 055 Oct 83 0.0156 0.075 

Itp'!' 81 0.0140 0.052 Nov 83 0.0145 O. 101 

"'\1 81 0.01&5 0.070 Nov 83 0.0152 0.085 

"-II 81 0.0150 O.OS!!! O.c 83 0.0145 0.095 

Oct 81 0.0174 0.080 

Oct 81 0.0170 0.100 F •• 1M 0.0132 0.0&0 
Nov 81 0.016' 0.014 Ka" 84 0.0146 . 0.076 

o.c 81 0.0170 0.101 tta" 84 0.0140 0.070 
APT 84 0.014:2 0.062 

-Ian 82 0.0145 0.072 MaV 84 0;0138 0.085 

F.b 82 0.0138 0.070 0,11 14 O.Ol:J2 o. '0'& 
Ita" 82 0.0151 0.101 Nov 84' 0.0'41 . 0.080 
.,,,112 0.0145 0.098 .,.~ 84 0.0142 0.075 

"-We! O.OS4l3 O. uto 
Oc:\e:2 . 0.01" 0.080 ""'''t.:-. O~Ol6() 0.Q92 
Nov',; 0.016S 0;008 . tlftT·. O.o-tG O.·~ 
o.c • O.OJ. 0.0'7' ...,. .• 0·91" p, .~~', 
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absorption lines, the observed counts were averaged over three 

channels and corrected for sky contribution. This is then 

converted to magnitude as, mobs (A ) = -2.5 log n* 

where n* is the the number of counts per second per A. The 

ainnass X is known to be a function of the zenith distance z as, 

X = sec z - 0.0018167 (sec z - 1)2_ 0.002875 (sec z - 1}3-

-0.0008083 (sec z - 1f (13) 

fram Hardie (1962). Neglecting second order tenns, X can be 

replaced by sec z itself. From a knowledge of the constant B, the 

extinction coeffecient, the .instrumental magnitudes of the 

particular night at any wavelength can be derived as, 
mins = mobs - kA sec z (14) 

where kA = B/ A It. These would be the magnitudes observed if the 

instrument was kept above the atmosphere. These are nonnalized at 

5000 A as, 
(15) 

These are compared with known energy distibutions in case of 

standard stars, which are also nonnalized at 5000 A, and the 

instrumental corrections are derived as, 

cor O. ) = mUte - miA (16) 

Figure 2.7 shows sample of observed curve, instrumental 

magnitude, literature magnitude (known energy distribution) and 

derived corrections. 

These corrections are to be applied to the program stars. 

The procedures for derivation of instrumental magnitude for 

program star is exactly similar to that of standard stars till 

equation (16). For the nODmalized magnitude the corrections are 

applied from (17) as, 

(17) 
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When the corrections from equation (17) are derived for 

selected wavelengths only, they can be interpolated to all other 

intermediate wavelengths. The curves in Figure 2. 7 shows that 

this interpolation does not introduce any considerable error 

especially When the points are closely spaced. 

The normalized magnitudes thus obtained are converted in to 

flux as, 
mv = -2.5 log F v + const. (18) 

which can be in units of ergs/cm2/sec/A or ergs/cm2/sec/Hz, 

depending on the value of the constant, since 

rnA = -2.5 log FA + const. (19) 

The constant is -48.615 for (18) and -21.146 for (19), based on 

the definition of the energy of the prnnary standard a Lyrae, as 

3.58 x 10-20 ergs/crn2/sec/Hz (Hayes & Latham, 1975) • 

Figure 2.8 shows the camparision of the energy distribution 

known from other sources for 58 Aq1, with the derived values 

using 109 Vir as the standard star. 

2.6Errors 

The source of errors can be either optical or electrical. 

Bad seeing conditions lead to inaccurate flux detenninations. 

Under such circumstances the diaphragm was opened to 1000 ~ • 

This, howeJer, reduces the accuracy by raising the general sky 

background. Similarly, changing sky conditions in a night give 

erratic values for the extinction coeffecients. Again, on such 

occasions the camparision star monitored Unnediately before or 

after the program star was used for deriving the instrumental 

corrections fran a mean value of the extinction,ooeffecient. 

Electrical noise can be photon noise or the dig:ltisir\9 
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noise. The photon noise decreases with the number of integrations 

h h 1 Th ' -U2 over t e same c anne. 1S may be represented by (N.) , where 
J 

N.is the number of photons in channel j. The digitising noise has 
J 

been found to be proportional to the pulse output from the 

descriminator (Lynds & Aitkens, 1965). It is shown that the 

signal to noise ratio is, 

SIN = ( 6Tt ) 1/2 F 

where t = time interval spent at each channel during a single 

run, called the counting interval, here, 

T = total time 

= Nt, where N is the total number of scans, 

F = frequency of the output of the PAD. 

Since, this is also prop:>rtional to F = (N,l/2, it is better 

to integrate over a long duration. However, this increases T and 

therefore one has to go in for a compromise. 

The errors have been detennined treating star of khown 

energy distributions as unknown program star. The error as a 

function of wave length, is basically decided by the response of 

the photamultiplier tube, as demonstrated by the Figure 2.9. The 

faintness of the source also is partly responsible for errors 

(Figure 2.10). It is thus essential to choose a comparision of 

shnilar magnitude range. A difference in spectral type also is 

likely to introduce errors as shown (Fig.2.11); here the standard 

chosen was of spectral type A to derive the energy distribution 

of stars of spectral ~ 0 and G. 



3. THE SHORTEST PERIOD BINARY CQ CEPHEI 

CQ Cep (HD 214419 = BD +5~ 2818) is an eclipsing system with 

a period of 1. 64d. One canponent is a WN7 star and the ccmpanion 

is probably a massive early type star (van der Hucht et 

al., 1981). 

The binary nature of CQ Cep was discovered by McLaughlin & 

Hiltner (1941) from prismatic survey plates at a dispersion of 

150 A mn -1. Based on radial velocity (RV) measurements from six 

spectra, they derived a period of 6.5d. They attributed the weak 

absorptions to a campanion of class 08. However, they noted that 

one of the plates showed velocities of absorption lines matching 

with the movement of the WN7 canponent itself. 

Further spectroscopic studies by Hiltner (1944) with better 

dispersion spectra yielded a period of 1.64l0d. Again, there was 

no signature of the companion in the spectra. The absorption 

velocities depicted the movement of the WN7 oamponent as was 

noted earlier also. Generally the helium lines of He I and He II 

showed violet absorption edge. The other striking changes were of 

line profiles and strengths. He obtained the radial velocity 

curves for 

amplitude, 

(e ;c 1.3.35: 

the 4058 A line of N IV (eccentricity, e = 0.0, 

K == 295 kms·1 ) and also for the A 4686 line of He II 

K == 160 kms-1 ). Another feature he noticed was that 

the He I lines at 3888, 4026 and 4471 A, were always associated 

with violet absorption components and it appeared that they were 

split into two canponents only on plates obtained on November 13 

and 14, 1943 • 

. Gaposchkin (1944) derived photographic li;ht. curVES J,WlI:king 



use of the data from Hiltner, Which showed asymmetric minima. 

Thus this was established as an eclipsing system. A large number 

of plates were used for this purpose and the long base line of 44 

years improved the period to 1.64l27ld. He also sugested a 

possible secular change in the period. 

The photoelectric light curves· were first produced by 

Hiltner (1950), in the continuum at 3550 A and 5300 A, and also 

at 4686 A with 73 A pass ban::1. These light curves and the radial 

velocity solutions obtained earlier, yielded the infoDmation that 

the deeper and the narrower minlinum corresponded to the eclipse 

of the component. The minima at 3550 A 'Were 0.1 mag deeper than 

those at 5300 A. He also observed that there was no change of 

polarization with orbital phase. 

Another interesting finding by Hiltner was the behaviour of 

the 4686 A line of He II, Whose maxbna were observed at phases 

corresponding to conjunctions from the ~ther light curves, i.e. 

the intensities were more at phases corresponding to the eclipse 

and transit of the components. Hence the light curve of this line 

was almost like a mirror Unage of the continuum light curves. 

Bappu (1951) studied the line profiles of various emission 

lines. More detailed investigations (Bappu, 1951a, b & 1952) 

showed that many other lines also fOllowed the behaviour of the 

4686 line. Bappu & Sinhval (1955, 1959) carried out the narrow

bard photometry of this systEm and obtained the light curves at 

4860 aoo 5410 A, which looked similar to that of the A 4686 light 

curve obtained by Hiltner. 

Broadband pbotanetry in the . optical . reg ion have been 



continued by various investigators (Tchugainov, 

Gusseinzade, 1969; Saneniuk, 1968; Khaliul1in, 

1960; 

1974; 

Kartasheva,1976; Cherepashchuk & Khaliullin, 1976; Antokhina et 

al.,1982 and Walker et al., 1983). They all have pointed out the 

similar shape of the light curve at different wavelengths. 

Semeniuk (1968) studied the t~es of minima till 1967 and arrived 

at a possible shortening of the period. Cherepashchuk & 

Khaliu1lin (1976) and Antokhina et al., (1982) arrived at a value 

for the massloss as 1.10x10-10 Me yr-1 , based on the period 

chan;3es. This aspect of period chan;3e has been discussed by 

Stickland et al. (1984) in detail, Who proceed to show that after 

1960s the period seems to have remained constant at 1.641246d. 

The infra red (IR) observations of this system were first 

obtained by Hackwell et a1.(1974) and they showed that the 

observed IR excess can be explained by free-free emission in the 

gas. The IR light curves have been derived by Stickland et al. 

(1984) and they clearly demonstrate the decrease of the light 

curve amplitude at longer wavelen;3th regions indicatin;3 the 

contribution from the free-free emission. 

Detailed spectroscopic investigations were taken up by Bappu 

& Viswanadham (1977) and Giridhar (1978), Who found that the 

emission lines showed marked difference in behaviour. Both the 

amplitude and eccentricity derived fran these radial velocity 

curves were different. The line profile variation also have been 

studied. Leung et a1. (1983) carried out more detailed 

observations and confiJ:med that the radial velocity curves were 

disparate. The measurE!"Oel'lts of absorption canponents of the 388BA 

line of He I line by Nienel, (1980) has .lJbown the indication of 

.so 



the movement of the companion; but this is yet to be confirmed by 

more detailed studies. 

Hiltner (1950) attempted to explain the behaviour of the 

emission line of He II at A 4686 by assuming that although the 

nitrogen lines are produced more or less symmetrically, the He II 

lines are produced throughout a common envelope surrounding both 

the stars. Khaliul1in (1973) had observed photometrically in four 

wavelength bands (two emissions and two continua). He had 

attempted to model the variation by combining an assumed 

variation of the absorption due to secondary. However, no 

evidence of such absorptions were found subsequently by Stickland 

et al. (1984), although Niemela (1980) found for only one He I 

line. 

In a recent study of the variation of the radial velocities 

and light curves, Leung et al. (1983) arrived at a mass ratio of 

0.75 for the components. The smaller amplitude of the A 4686 RV 

curve has been related to the ejection of hot A 4686 emitting 

material with a strong radial velocity component directed towards 

the observer at phase 0.8. 

The most recent and exhaustive study of CQ Cep is by 

Stickland et al.(1984). They have analyzed the data obtained by 

lUE, UBVJKL photometry as well as the radial velocity 

measurements in the optical from Hiltner's plates of 1944. They 

obtained a total of 18 continuum light curves covering the 

wave19rgth range from 0.13 to 0 .. 3 J.l m. Their conclusions may be 

sumnari zed as I 

1.The light curve solutions indicate that half the aroplit~e of 

'1 



light variation is produced by ellipticity effects and the 

other half by geometric effects. 

2. None of the spectral features is an indicator of the 

campanion's presence or motion. 

3.The campanion does not modify the overall expected variation of 

excitation, velocity characterstics and in this respect 

resembles any other single WN7 atmosphere. 

4.The luminosity ratio nnplied by the light curves is not 

consistent with allowable radii and separation values, unless 

their masses and temperatures are considerably raised. 

In all these investigations, the continuum and line 

variations of this system, as a function of phase, have been 

studied for only A 3550, 5300, 4790, 6300 A and the two lines of 

He II at A 4686 and A 6562, in the visible region. Our main 

interest in observing this system was to obtain light curves in 

all major emission lines in the optical region systematically. 

Such data combined with spectroscopic information, which already 

exists both in UV and optical, is likely to give a better insight 

and may lead us to unravel atleast some of the mysteries of this 

system. 

3.lObservations 

The spectrophotometric observations were obtained with the 

automated spectrum scanner, as described in Chapter 2. The list 

of standards used also are included in Table 2.1. 

3.1.1Reddening corrections 

The affiliation of CQ Cep to the Cep 081 Association has 

been confinned by Stickland.et al.. (1984) fIan the observed 

strengths of interstellar lines in the uv spectrum obtained at 



high resolution. Therefore,a distance of more than 3 kpc will 

introduce interstellar reddening effects in the energy 

distribution. Here, the reddening corrections are estimated by 

comparing it with 10 Lac (07 V), whose reddening corrections are 

known (Hua et a1., 1982) at wavelengths selected so as to be free 

of emission line contaminations. Shnilar corrections have been 

derived by Kuhi (1966) , Hua et a1.(1982) and Stickland et a1. 

(1984). The latter derived the reddening corrections fram the 

2200 A depression and using Seaton's curve for reddening. The 

de reddened energy distributions are compared in Table 3.1 and are 

shown in Figures 3.1a & b, where samples at three different 

phases are plotted. It may be seen that our values agree more 

closely with those of Stickland et a1. (1984), which are 

represented by crosses in the Figures. 

3.l.2Spectroscopic studies 

For spectroscopic measurements, the collection of spectra by 

Bappu was made use of. They were obtained at Mt. Wilson 60" 

telescope in 1951-52. The spectra fall into two classes; 

1.Blue spectra covering a range of wavelergth A 4000 to 5000 A at 

a disperSion of 75 ~-l at 4340 A on IIaO baked plates. 

2.Red spectra covering the range of A 5100 to 6700 A at a 

dispersion of 160 Amm-1 at 5500 A on 103-aF plates. 

The intensity profiles for a few lines were provided by 

Bappu, fran which sane intensity measurements were possible. For 

the other lines the radial velocities were measured. For sane 

lines the RV measurements are already published (Bappu & 

Viswanalham, 1977; Gir idhar, 1978). The renainirYJ lines like the 



Table '.1 Oereddened energy dlltrlbutlon lor CQ Cep. 

Wavelenith Stickland et .1. Hu. et al. Kuhi This WOTk 
1984 1982 19bb 

4037 -0.727 -0.682 
41S0 -0.6S - -0.30 -0.680 
4168 - -0.68B -0.604 
425~ -0.61 -0. 523 -0.27 -0.604 
4420 -0.42 - -0. 19 -0.572 

4460 -0.523 -0.525 
4560 - -0.437 -
4786 -0. 13 -0.165 -0,06 -0. 150 
5000 0.00 0.000 0.00 0.000 
5130 0.02 -0.02 0.018 

5263 O. 19 0.08 O. 185 
e300 0.29 - 0.315 
55" 0.30 - O. 10 0.425 
5840 - 0.485 0.615 
5950 0.68 0.705 

6056 0.665 0.795 
6431 - 0.828 - 1. 112 
6790 - '0.985 0.53 1.200 
6806 1.11 . - - 1.205 
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He II lines at A 48613, A 6562, N III at A 46413, N V atA 46133 and He 

I atA 5876 and 4471 were measured. For the N V line at A 46133 it 

was possible to measure both emission as well as absorption 

velocities, whereas for the He I line A 5876, it was possible to 

measure only the absorption velocity. 

The intensity tracings were available for the He II line at 

4686, 4860, 5410 and the N IV line at A 4058. 

3.1.3Light Curves 

Fram the observed energy distributions at various phases, it 

was possible to construct the monochromatic light curves, as well 

as to derive the orbital variations of emission flux of different 

lines. Based on the broadband photometry from various 

investigators, Walker et ale (1983) and Stickland et al.(1984) 

have analyzed the behaviour of the orbital period, in the last 

few decades. It appears that the period is constant dur i09 the 

last 45 years. Khaliullin (1973) derived a mean period combining 

Hiltner's data with his own and the ephemeris derived by him are 

similar to those of Se:neniuk (1968). We have adopted the 

ephemeris 

T = 24432456.668 + 1.641246E 
min 

of Semeniuk (1968) for our studies. 

Eight wavelengths were selected to be free of emissions and 

the light curves were constructed (Table 3.2). These are shown in 

Figures 3.2 a & b. They all generally resemble the 5300 A light 

curve of Hiltner (1950). 

The errors in these magnitude measures varied from season to 

season. In 1982, the error at quadratures and donjunctions never 

exceeded + 0.05 mag. In 1983 and 1984 the errors were $lightly 

". 
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Table 3.2 

110NOCHROMAT 1 C MtlGN nUDES OF CG CEP 

WAVELENGTH 4260 iPSO 5000 5300 5560 6300 6500 3800 
PHASE ANQ AN': ANG ANG ANG ANG ANQ ANQ 

o 018 0.354 0.3~6 0.408 0.419 O. 399 
0.038 0.342 O. 316 0.398 0.392 O. 365 0.392 O. 324 O. 347 
o 053 O. 340 O. 236 o. 378 O. 392 O. 371 

0.059 0.312 0.251 0.349 0.357 0.353 0.386 0.286 O. 312 
O. 107 o. 232 0.204 0.:283 0.276 0.281 
o. 124 O. 257 o 191 0.253 0.280 0.280 

o 13'5 0.255 0.179 0.251 0.278 0.300 
O. 146 0.269 0.169 0.240 0.232 0.235 

0.157 0.240 O. 153 0.215 0.226 0.22~ 0 .. 262 0.070 0.090 

O. 167 o.on O. 056 0.208 0.222 0.215 0.247 0.288 0.319 

0.170 0.097 o 059 0.203 O. 197 O. leo 
o. 162 0.057 0.069 O. 178 O. 172 0.175 

O. IB7 0.052 O. 071 O. 159 O. 167 O. 165 

o. 192 0.041 0.051 O. 123 0.1:29 O. 135 
O. 197 0.037 O. 056 O. lOB O. 120 O. 130 

o 202 0.032 0046 0.118 O. 126 0.110 

0.207 0.035 0.041 O. 108 O. t17 O. 112 O. 130 0.267 0.'312 
0.2M 0.075 o 019 0.043 0.037 0.022 0.096 O. 050 0.055 

0.277 0.057 0.014 0.031 O.0:!7 0.040 

o 277 0.031 o 042 0034 O. 059 O. 059 

0.263 0.041 0.039 0.053 0.030 O. 038 

o. ~59 0.011 0.-o3b 0.020 0.075 O. 068 

O. <94 0.012 OO:;i!'!1 0.043 0.03lS O. 03~ 

o 300 0.031 0.041 0.011 0.000 O. 020 

O. 306 o 010 O. 016 o 02B 0.03b O. 02~ 

o 312 O. 013 . O. 03;> 0.047 0.042 0.039 

0.31B O. 031 0.04j o 063 0.0:11 0.041 

o 321 o 01:! O. 031 O. 001 0.057 O. 050 

o 321 o. 042 O. 021 O. 041 o 034 O. 021 

o 332 0.031 O. 02'7 O. 013 0.057 0.Ob5 O. H!6 0.112 0.105 

o 339 0.010 O. 02'? 0.0'0 0.062 0.045 

o 345 0.020 0.019 0.010 0.08b O.OSO 
0.351 0.033 0.031 O. O~l 0.0«11 0.094 

0.357 0.036 0.041 O. 083 0.0«12 o.no 
03b3 0.032 0.::231 '0.073 0.071 0.0«12 -. 
0.309 0.0" 0.060 0.111 0.089 0.112 O. 1S2 0.075 0.067 

0420 0.207 O. :211 0.:243 0.237 0.;274 0.332 O. 1,. 0.182 

0.421¥ 0.230 O. :214 0.253 0.262 O.iH& 0.337 O. 160t 0.173 

0.429 0.230 0.::214 0.253 0.2~ c."! ·0:337 0,1&1 0.173 
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Table 3.2 contd. 

MONOCHROMATIC MAGNITUDES OF CQ CEP (CONTD) 

(.JA·.'ELENGTH 4260 4780 5000 5300 5560 6300 b500 3800 
PHASE ANG ANG ANG ANG ANG ANG ANG ANG 

o 474 0.350 O. 241 0.258 0.257 O. 259 O. 296 0.226 o 248 

O. 477 O. 340 O. 291 0.293 0.307 O. 305 O. 333 0.211 0.248 

0. 478 O. 287 0.271 0.289 0.307 0.310 0.346 O. 240 0.251 

o 478 O. 354 O. 259 0.271 0.265 O. 263 

o 483 O. '352 O. 276 0.345 0.345 O. 3'38 

0.487 0.352 0.279 0.309 0.312 0.321 O. 377 O. 253 0.273 

0.469 0. 340 0.291 0.348 0.362 O. 358 

° 495 O. 361 o 294 0.328 0.322 0.355 

° 498 0. 372 o 292 0.335 0.332 0. 360 

0. 510 O. 337 0.286 0.349 0.312 0.310 0.338 0.286 0. 307 

O. 513 O. 287 O. 289 0.316 0.317 O. 308 

O. 514 0.33'1 0.273 0.341 0.366 0.3560 

0.517 0. 292 0.269 0.331 0.310 0.303 

O. 519 O. 281 O. 294 0.308 0.3:.20 0.318 O. 350 ° 292 0.317 

0.519 0. 312 0. 280 0.343 0.338 0.331 

o 5:23 0.317 0.266 0.310 O. 302 0. 309 

0. 526 0. 231 0. 265 0.287 0. 297 0.315 

O. 527 O. 320 0.286 0.328 O. 337 0.318 

'0.530 O. 297 0.284 0. :.2'i'8 0.266 ° 272 
o 535 0. 336 O. 252 O. 323 0.329 O . .327 . 
0. 536 O. 302 0.250 0.316 0. 276 0.269 
0.537 O. 206 0.249 0.274 0.:.287 0. 280 0.321 O. 280 0 290 

O. 540 0. 297 O. 250 0.324 0.32'.'5 0.323 ° 356 0. 219 O. ~eo 

O. 543 O. 3:.20 O. 261 0.271 0.266 O. 265 

O. 549 o 312 O. 241 O. 296 0.286 0.279 

° 555 O. 305 O. 26:2 O. :i!42 0.267 0.267 

0.561 0. 300 0.226 0.248 0.292 0. 287 0.320 0.206 0.217 

o ,}bS 0.2'0 0.:240 O. 293 0. 270 O. 269 
o 601 O. IS' O. 171 O. 246 0.247 0.270 0.315 0.334 0.215 

o 010 O. OS1 O. 186 O. 181 O. ;ilO2 O. 200 

o 075 O. 072 0 112 O. 108 0. 207 0.190 

O. 705 O. 107 O. 036 0.079 O. 167 0.163 

O. 707 o 047 0 006 0.003 0.009 0.010 .... 
0.77'7 o 022 0 OOq 0.018 0. 009 0.010 0.069 0.019 O. 025 

O. 7BO 0.064 0.003 0.011 (l.O25 0.02&1 

0 "97 o 050 o 000 o 003 O. 3aO! O. 030 

0 :'12 0. 033 o 01 .. O.02t> O. 025 O. 025 
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o 5C,2 

o ]03 

o 809 

0011 

o 315 

o '3.:1 
o e2S 
o 828 

0.833' 

o 834 

o 838 

° 8.;0 

o 842 

O. 84b 

o S .. 7 

0, 850 

O. 8'57 

o 9'57 

0, 9c3 

o 971 

o 67'i 

o S6a 
° 13'17 
o 00:5 

Q. "'11 

o ';17 

o <:)26 

o 948 

o Cl54 

0%0 

Q q.,:!. 

Table 3.2 contd. 

~~NC~HFO~ATIC ~~~NITUDES OF ca CEP 

~;;:60 
AtJG 

o 000 

o 062 

o 000 

o 031 

0, 065 

o 021 

o 014 

o 033 

0.047 

O. 073 

0.064' 

o Ob7 

O. 073 

0.071 

o 007 

o 01S 

o 015 

o 031 

o 020 

o 028 

o 016 

O. 016 

o 016 

O. 021 

o 010 

O. 031 

0.016 

0.067 0.035 

0.050 0.0:;)1 

0.074 0.021 

0,073 0 029 

0,046 ,0.041 

0.0902 0,0:51 

o OS2 0 071 

o 120 0 on 
o. 121 0.079 

o 047 0 101 

0,044 0 t~6 

o 137 0 146 

o 212 O. 163 

o 247 ° 180 

o .w~ 
o 330 

0, 286 

o 302 

o 299 

o 4-00 

o 3'4 

o 3'7 

o 26' 

0. 0!59 

o :&!71 

o '293 

o 314 

o 301 

o 359 

o ~71 

SQOC 
At4G 

o 031 

o 318 

o 007 

o 013 

o 005 

o 002 

o 035 

0.011 

o 000 

O,Otb 

o 0:31 

0.02b 

0.003 

0,021 

0055 

O. 033 

O. 043 

0,013 

O. 043 

O. 074 

o 1'3~ 

O. 193 

O. &!';,!9 

0, 26~ 

o 2aS 

o. 2"13 

o '31::1 

o Si1c 

° :1:3:'> 
o 343 

o 371 

o ::l~:J 

o 421 

0, 4;'!6 

5::300 
ANG 

o 030 

0.029 

0.007 

o 007 

o 011 

0.026 

° 015 

0.052 

0.002 

0.008 

0.030 

0.045 

O.O::l:a 

0.002 

0.022 

0.056 

0,012 

0,035 

0.022 

0,032 

o 071 

0. 1'2 

0. 1~2 

0,262 

0.272 

o 282 

O. 312 

0,322 

o 337 

o 352 

Q. :3'2 
O. :38~ 

o 377 

o 417 

o 424 

5560 
ANG 

o 043 

o 040 

0.015 

0.010 

O. 013 

o O~9 
0.015 

O. 059 

0.000 

0055 

0.039 

0.052 

0.030 

O. 040 

0, 025 

0.059 

0.Q32 

o 035 

0.0<43 

0.060 

O. 100 

CI 120 

O. 20i!2 

O. 250 

o 280 

0.295 

0, 290 

0:320 

61 

o :335 

o 353 

O. :359 

° ':392 
o 405 

O. 3\5 

0. 420 

O. 422 

6300 
ANG 

0.095 

O. 000 

0,069 

0090 

0.366 

0,305 

0.459 

O. 457 

b500 
At~G 

O. 009 

0.001 

0, 000 

0, 021 

O. 001 

0.046 

0.311 

0, 420 

0.324 

3800 
At~G 

0.015 

0, 005 

0, 005 

o 021 

o 021 

O. 05? 

O. 077 

o 435 

o 'l39 



higher - at guadratures it was + 0.06 mag and at conjunctions 

+0.08 mag. On sane occasions, when the error exceeded + 10.1 mag, 

the observations were not included in the light curve at all. 

However, it is possible that these represent the intrinsic 

variations of the system. 

3.1.4Emission line flux 

The flux of same lines of He I, He II, N III, N IV, N V and 

C IV were measured from these energy distributions. Many lines 

appear as blends - the most canplicated being the region A 4600 

to 47100 A. The line of N V at A 46(B is associated with an 

absorption throughout the orbit. The emissions of N III at ).4640 

am He II at ). 4686, which follow this line imnediately, are very 

strong. In our spectrophotanetric scans, it was barely possible 

to resolve these three emissions (resolution 10 A per channel). A 

smooth curve was drawn to represent approx~ate gaussian profiles 

of these lines. The continuum was fixed by the points at ),44610 

and 4790 A. The area, within the profile, above the continuum 

only was measured. The errors in the flux arise mainly because of 

the assumed gaussian profiles. Such errors are indicated in the 

corresponding plots. Strong lines like the N IV at ),4058 and the 

He II at 4860 have least errors because they are free of any 

blends. At the same tUne intrinsically weak emissions like C IV 

at ). 5808 show larger errors. 

It was also found that at phases near 0.25 and 0.75, the 

errors were larger. The scan, in general, looked noisy probably 

because the linestrengths also diminished at these phases.. At 

phases close to 0.75, sanetimes, it was not possible to.xneasure 
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the emission flux because the emission was buried in noise. Such 

measurements are not included in the flux plots (Figures 3.3 to 

3.8). Table 3.3 lists all the measured flux. 

3.l.5Radial Velocity Curves 

The radial velocities were measured with the Abbe 

Comparator. The central portion of the emission line was chosen 

for the measurement. Because of the broad features, the errors 

are larger, especially in case of N III 4640 A. The errors are 

-1 generally 40 to 60 kms These curves were solved by Lehmann-

Filhes method and all solutions, including those obtained by 

others, are tabulated in Table 3.4. The individual velocity 

curves appear with flux plots (Table 3.5 & Figures 3.3 to 3.8). 

It appears reasonable to assume that the measures of Stickland et 

al. (1984) and Leung et al. (1983) are more accurate by virtue of 

the method of measurement and solution. 

3.2Correlation between light and velocity curves 

3.2.lHelium lines 

The lines of He II that are studied are at X 4686, 48613, 

54113 and 6562 A. 

The strongest line in the spectra is the He II line at 

4686. Figure 3.3a shows the measured intensities and flux. It 

also includes the radial velocity measurements of Bappu & 

Viswanadharo (1977), who deived an orbital solution with 

eccentricity e = 0.31 and the velocity for the center of mass as 

'Y :::118 'kms-1 • '!bey also studied the line profiles, which are 

narrow and sharp at minima and broad and rounded at quadratures. 

The Figure 3.38 clearly shows the enhancement of flux and 

intensity at phases near 0.0 and 0,,5. This is oonfirroity with ,the 



Table 3.4 

ORBITAL SOLUTIONS FROM RV CURVES FOR CQ CEP 

Llt~E ., lA, e w Ref 

He II 4686 +117. 5 148. 2 O. 31 323 1 

+133.8 164.0 O. 26 356. 4 2 

4860 +196.0 221.9 0.35 286 6 
:t1i.4 :t12.2 ;to. 02 ±is 

+198.2 235.8 0.36 2 

5411 +176.0 230.1 O. 095 335 3 

6562 +206.0 212.0 0.233 331 6 
.:i:10.2 '±12. 5 *0.03 .±19 

NIll 4640 -114.0 127.9 O. 014 316 6 
±.8.2 .±.10.4 ±0.019 

-114.3 127. 0 O. 0 2 

NI\I 4058 - 60.8 312. 7 0.035 96. 7 1 

- 53.4 297. 4 0.0 2 

- 60 310 4 

- 85 285 5 

N\.J 4603e +159.6 286 0 0.041 295 6 
±7.2 ~6.4 :1:.0.017 

-+153 280 4 

NV 4603a -~16. 1 307. 5 0.035 298 6 
.::1:.5.8 :7. :3 ::1:.0.018 

-220 299 4 

ReflTenees to th. Table 
1 Bap.pu ftc V!swanadhaml 1977 
2 St i etc 1 and • tal. I 1984 
3 GiTidhari 1978 
4 Leung et .1. , 1983 
5 Niemela, 1980 
6 Th is work 
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Table 3.5 

RADIAL VELOCITIES OF CO CEP 

Hell NV NV NIlI 
PHASE 4960 4b03e 4603':-1 4640 

0.014 +180 + 80 -204 -105 

0.087 + 22 - 35 -315 -160 

O. 138 - 31 -115 -406 -168 

0.232 - 9S -135 -515 -190 

0.264 -110 -140 -495 -188 

0.280 -132 -110 -485 -177 

0.351 - 94 - 15 -452 -175 

0.433 + 45 + 50 -295 -135 
0.476 +188 +145 -240 -128 

0.606 +352 +320 - 75 - as 
0.645 +435 +410 - 45 - 60 

0.676 +462 +445 + 35 - 57 

0.6B7 +445 +450 + sa - 52 
0.844 +401 +380 + 45 - 72 

0.878 +322 +315 - 75 - 75 
0.944 +252 +205 -155 -105 
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earlier studies (Hiltner, 1950); Khaliullin, 1973; Bappu & 

Viswanadham, 1977). The two maxima are of unequal magnitudes, the 

one near phase 0.0 is stronger. Also it may be noticed that the 

maxima donot coincide with phases 0.0 and 0.5, but are slightly 

shifted. This shift was seen by Hiltner (1950) also, but in an 

opposite direction. it may also be seen fram the Figure 3.2 a & 

b, that the falling edges of the minima are not smooth. Similar 

effect is probable reflected in the flux measures. A slinilar 

effect was seen by Walker et ale (1983), who studied the eclipses 

in a great detail. 

The 4860 line of He II is shown in Figure 3.3b for 

intensities, radial velocities and flux. Although the general 

behaviour is similar to ),4686 line" it may be seen that the flux 

at phases 0.0 and 0.5 are of slini1ar magnitude and they do not 

show a sudden increase like the 4686 line itself. Also the 

variation is smoother and the flux at phase 0.75 are smaller 

compared to those at phase 0.25. The amplitude of the radial 

veloci ty curve is 51 ightly larger than that of ). 4686 and this 

curve gives an orbital solution of e :III 0.36 and y == 196 'kIns·! • 

The line profile given by Bappu & Viswanadham (1977) show that 

the violet absorption cuts into the emission wing at same phases 

especially after the secondary minUnum. To study this all the 

plates were checked for the behav iour of this line. It appears 

that I.. 4860 line has got a variable structure, which was noted 

by Hiltner (1950) also, with multiple canponents. The effect of 

the absorption in the violet wiDiJ app,MtS to be more prominent at 

phases close to 0.75, but it ~rs that .. the there is an 
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absorption component which moves with the emission. Since this 

component is weak at all phases, it was not possible to measure 

this line very precisely. 

Figure 3.3c shows the flux and intensities of 5410 A line of 

He II. The radial velocities from Giridhar (1978) also are 

included; the orbital solution from this RV curve may be quoted 

as e = 0.1 and ~ = 176 kms- 1 • The line profiles also have been 

studied by her and they appear to be generally symmetrical, with 

an indication of a violet absorption edge just after secondary 

minimum. The enhancement of flux close to phases 0.0 and 0.5 are 

very smooth, as are the intensity measures as well. 

The radial velocities and flux of the He II line at 6562 A 

are shown in Figure 3.3d. This RV curve gives an orbital solution 

of e = 0.31 and y = 206 kIngl. The density tracings of some 

spectra to include this region are shown in Figure 3.9a, Which 

clearly demonstrates the variation of the structure of the line. 

Like the A4860 line, this also shows the violet absorption edges 

soon after the secondary minimum, Whereas at phases just after 

the primary minimum such effects are barely detectable. However, 

spectra with better dispersion can resolve this phenomenon. 

Among the He I lines, it was possible to study those at 

5876 and 6678. Figure 3.9a includes the region of A 6678 as well. 

It may be seen that the line profile varies throughout the orbit, 

making the radial velocity measurements very difficult. 

Sanetimes, it appears as though the line is split into two 

canponencs. Jdgure 3.~o snows tne structure of ti.~ ASa76 lhk:l. 

It may be noticed that the violet absorption edge is very strong 

and it appears throught the orbital cycle, wber$aS the emissions 

11 
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are not very sharp. Thus it was possible to measure the 

absorption velocities only. Figure 3.7 shows this absorption RV 

curve as well as the flux. The RV curve displays a large scatter 

making it very difficult to find any orbital solution. In the 

same Figure 3.7 the flux of the 6678 line also are included. The 

behaviour of flux is slinilar to the other lines of helium, 

discussed till now, with a smaller amplitude of variation. 

3.2.2Nitrogen lines 

The nitrogen lines that are studied are N.II! at ).4640, N IV 

at ),4058 am N V at A 4603. 

The N III line at 4640 is affected at both the wings by the 

He II line at 4686 and N V line at 4603. Thus the measured flux 

ma1 not be very accurate. Allowing for these measures in the flux 

measures, it may be seen from Figure 3.4 that the flux increases 

at phases 0.0 and 0.5 and the total amplitude of variation is 

very small. Bappu (1973) had pointed out that this broad emission 

is probably a blend of more than 3 lines, based on high 

dispersion spectral studies. The radial velocities were measured 

with a mean center of emission and this also is shown in Figure 

3.4. It appears that the amplitude is quite small canpared to RV 

curves of other lines. An orbital solution gives a~ost a 

circular orbit with e == 0.014 and y l1li ... 114 klnsl • It .may be 

noticed that this y value is different compared to other emission 

lines. 

Bappu and Viswanadham (1911) .. phasized that. the N IV line 

of A 4058 is the only line t'tlat reptMelts the .b;~ motion of the 

WI.'l CCln,?)nent. "tnfeI:tqetivEfQti,.~r.it.tAk~utlQll~.., 1:1 .G.l CIU.cl 
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-1 Y = -62 kms They have shown that the profile is not affected by 

the absorptions and is generally symmetrical. Figure 3.5 shows 

the measured line flux, showing enhancement at minima, as well as 

the radial velocities. 

Now, we turn to the N v line at A. 4603, which has a stable 

profile and a violet absorption is seen throughout the orbital 

phase. It was J;X>ssible to derive the RV curves for both the 

emission and absorption components. These curves and the flux are 

shown in Figure 3.6. The flux measures are probably affected by 

the violet wing of the strong N III line at >"4640, but only high 

dispersion can reveal this effect. The line flux above the 

continuum only are measured and, unlike the variation of flux of 

other emission lines discussed till now, these measures show a 

dip near phase 0.0, but for this the flux values are generally 

constant. Both the RV curves give a~ost circular orbit solutions 

with only the'Y values shifted (Table 3.4) 

3.2.3 carbon lines 

The only Carbon line that was available for measurement of 

flux was that of C IV at 5808 A. The measured flux show the same 

pattern as the other lines (Figure 3.8). The amplitude of 

variation is not very large. This region is covered in the 

density tracings of Figure 3.9b, which clearly points to the 

difficulty in measuring the radial velocity, at any phase. Since 

the spectrophotometric observations made in the red region were 

not as frequent as in the blue reg ion, the number of flux 

measures are relatiVely smaller. This is true for the other 1.lnes 

in the region, nanely 5876, 6678 lines of He I and 6562 line 

ot He II as well. 
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3.2.4Line Blends 

We now look at the various line blends at A4540, A4200 and 

4100. The main contributors to these lines are known to be He II 

and N III. These flux measurements show a variation similar to 

that of other He II lines (Figure 3.8), indicating that both the 

contributors to these blends behave in the same way. However 

measurements with better resolution will decide the behaviour of 

each canponent. 

3.3Model 

All the solutions fram different emission line RV curves 

(Table 3.4) and the light curve solutions can be made use of for 

an attempt to construct the model of CQ Cepe 

3.3.lLight curve solutions and the nature of the companion 

One of the light curves at A5300 was solved for orbital 

elements using the method of Russel & Merill (1950). The results 

in Table 3.6 show that the effect of tidal distortion is 

significant. 

The light curve at 5300, obtained by Hiltner (1950) has 

been solved by Leung et a1. (1983) by Wilson-Dellinney method. 

They discuss the choice of the mass ratio of 0.75 in great 

detail. Stickland et al. (1984) have solved the same light curve 

taking into account the atmospheric eclipses. They arrive at a 

mass ratio of 0.6. Both the solutions necessitate a massive 

campanion of the order of 35 M(i1. The mass of the WN canponent 

also appears large - it is 46 ME) fran Leurg et a1. and 64 Me fran 

Stickland at ale - oc:mpared to other such mass derivations for WN 

. canponents in binaries. For _"~, 1t ls1tfM(j in V444 .Cy9 

7' 



(Kuhi, 1968), 5 to 12 M0 for ex Cep (Massey & Conti, 1981) and 

about 10 to 20 MO for HD 211853 (Massey, 1981). Considering that 

the subgroups in these three subsystems are WN5, WN5 and WN6 

respectively, the difference in the derived mass range is perhaps 

reasonable, since it is known that WN7 subgroups are different 

fram other subgroups in many respects (Moffat & Seggewiss, 1980). 

Thus the mass range (35 MO + 46 MO and 38 MO + 64 M0 ) 

derived for CQ Cep, implies a campanion of spectral type. The 

energy distributions obtained at various phases were checked for 

any possible contribution fram the campanian. However, there was 

no evidence of change of slope of the Paschen continuum fram 

conjunctions to quadratures (Figures 3.1 a & b). 

Niemela (1980) analyzing the spectra with better dispersions 

15 A mm-l) found evidence for absorption arising fram the 

companion. Leung et al. (1983) measured the A 3888 line of He I 

and showed that it probably represents the line splitting due to 

companion. Stickland et al. (1984) also found this line splitting 

for the A 3888 1 ine at one epoch only and the ve10ci ty of the 

second ccmponent was almost a constant.· Therefore, all the 

plates, in our collection, used for spectroscopic studies in this 

work, were checked carefully for detecting such absorptions. The 

r93ion of A 3888 is not well exposed for detecting such splitting 

up into two canponents. The behaviour of the He I lines at A 4471 

in the plates taken in 1951 appeared different. This definitely 

shows two canponents (Bappu & Viswanadham, 1977). The measured 

radial ve10ci ties of one canponent show a scatter similar to the 

5876 line of He I, following the mot:;ion of the WN cOOlponent; tl:le 

other canponent shows til scatter about a ~ velocity value of 
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Table 3.6 

Solutions by Russell and Mer"ill mpthod 

Fourier Coeffecients fro~ I ight outside the eel ipses 

AO = 0.918 Al = -0.014 A2 = -0.073 
Bl = -0.03 B2 = 0.25 

Ratio of the radi i = 0.79 + 0.1 
Fractional radiu~ 0' the tar9~r star = 0.36 ~ 0.1 
Fractional radius ~f the ~~alt $tar = 0.28 ± 0.1 
Angle of incl ination = 52: !l- 7 
Eccentricity of the orbit = 0.018 ± 0.06 

coc.p 
• He. 447,1 • 

• • • • • • • • • 
• • • 

•• • • • • • • • • • • • • • a.-

rJgur. ).10 Radial velocity cune .f ablarptlon compon.nts 
of H. I ). 4.71 1ft US1. The .. cand comp.A.nt 'S 
Indh:ated by c.o ..... 
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-1 about - 900 km s (Figure 3.10). However the velocity of this 

absorption does not resemble the motion of the campanion. 

It has already been mentioned that the derived mass ratios 

fram the light curves by either method imply a massive campanion 

of ,..,. 3SMe . Frcrn the tN measurements of the P Cyg profiles, 

Stickland et al.(1984) have derived the terminal velocity, the 

escape velocity and the ratio M* /R*= 1. 2 ~/R0. According to 

this the radius can be either 18 Re (for the 20M0 WN canponent) 

or 38 Re (for the 46 Me WN component). The separation between the 

components in these two cases are 20 Re and 25 R 0 re spectively, 

Which conflicts with the sizes derived for stellar radii. 

Further, Underhill (1969) has pointed out that the atmospheres of 

WR systans are extended to about 5 times the core radius. In this 

case, even for a smaller value of 10 M@ for WN, the extension 

will be about 45 Re. Hence, irrespective of the method of light 

curve solution, the companion will be inside the stellar wind of 

the WN. It is also known that the the WR atmospheres are 

generally optically thick for helium and hydrogen lines for n<10 

(Smith, 1973). Hence these lines produced at the photosphere of 

the companion (which is completely embedded in the wind) will not 

be appreciably recognizable after passing through the thick 

atmosphere. It is difficult to check these on medium dispersion 

spectra, because the absorptions indicate the motion of the WN 

itself. Any absorption due to the campanian will move in the 

opposite direction, in case of helium lines, well wi thin the 10 A 

width of emission profile. At Phases close to Q.0 and 0.5, this 

absorption is expected to be superimposed on the emission 



profiles. At phase 0.25, this absorption would have moved away 

and at phase 0.75 it is likely to coincide with the violet wing 

of the emission profile. This can add to the total absorption at 

this phase making the effect easily recognizable, as was seen for 

the He II lines A4860 and 6562 and to same extent ). 5410 also. 

Whether such an effect is present for the A 4686 line is hard to 

notice not only because of its increased strength, but also 

because of the red wing of another strong emission of N III 

at A4640. 

The radial velocity discrepency curves (Figure 3.11) 

generated with reference to the N IV at ),4058, show more positive 

value at all phases, reflecting mainly the shift in yaxes. Hence 

it is difficult to judge the possibility of any contribution of 

opposite moving absorption. The type of absorptions shown by the 

He II lines at A 4860, 6562 and 5411 have not been observed by 

Stickland (private communication). This may also imply that these 

absorptions are probably of sporadic nature, although the 

observed amplitude differences (and almost circular orbit for 

only 5410) appears constantly at all epochs • 
• 

In the absence of any such confiDmation from any 

spectroscopic or spectrophotometric data, other than the only one 

high dispersion measurement by Niemela (1980), we may assume that 

the campanion is of spectral type 0, contributing to absorption, 

if recognizable, only in He II and He I lines. 

3.3.2Circumstellar Matter 

The radial velocity variations and flux variations may now 

be studied to understand the envelope structure surrounding the 

star. 
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We may use the 4058 line of N IV to be representing the 

motion of the WN component for the following reasons 

1.The spectra clearly show that this line is free of any blends. 

2.It does not show asymmetry in line profile. 

3.Its RV curve gives an almost circular orbit, as can be 

anticipated in such close binary. 

4.Its y velocity has a value very close to the systemic velocity 

of other members of the Cepheus Association (Stickland et al., 

1984) • 

We may start with the nitrogen lines for understanding the 

WN atmosphere, since they are known to be fomed in the WN 

atmosphere only and not in the companion. The flux variation of 

the N V line shows eclipse effects, Unplying its fotmation in a 

reg ion closer to the WN photosphere and, therefore, an 

approximate size of the line emitting region may be calculated. 

We may also note that no eclipse effects are seen at phase 0.5, 

when the WN is between the observer and the 0 type star. Assuning 

that this line originates deep in the atmosphere we can think of 

a configuration of an eclipse of parts of this line emitting 

sphere at the primary minimum. The depth of the eclipse is about 

25% and the duration of the eclipse is from phase 0.85 to 0.15. 

Then the radius of the line emitting region will be about 10 R0" 

From the variations of the line profile we see that the 

absorption and emission are moving together so as to leave the 

profile unchanged. This further indicates that the decrease in 

flux at phase 0.0 corresponds to an eclipse effect only. The RV 

curves of this line show an interesting phenanenon; these curves 
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are identical but for a shift in the axes. If we assume that 

this line originated in a region close to the photosphere, it 

should follow the characterics of N IV at A 41058 i.e. 'Y ax is 

should have been ..., -65 kms- l • However, because of the associated 

absorption there can be a positive shift ofy axis. It may be 

noticed that When we combine the effect of emission and 

absorption the net value of 'Y will be -56 kmgl • This would imply 

that the red shift of y axis is due to the associated absorption 

only. However, it is not possible to verify with the present data 

whether this effect is true for all other lines with absorptions, 

or whether it is just a coincidence in case of N V at A 46103. 

The N III line at A ~640 shows a negative shift of 'Y viz 

-1 -114 kms • An explanation of this shift based on the associated 

absorptions appears to be complicated in this case because this 

is a blend of atleast three emissions (Bappu, 1973) and also 

because the red wing is probably affected by the strong line of 

He II at A4686. 

The behaviour of the He II lines has already been discussed 

in the previous section. Here the shift in 'Y axes may be a 

consequence of the absorption arising in the WN itself (like N V 

at A 4603) or because of the absorption due to the companion. A 

situation like this, of two absorption features moving in 

opposite directions can also reduce the total flux at phases 0.25 

and 0.75. At phase 0.75 both absorptions add to the violet wing 

of the profile so that the measured flux wili be still smaller. 

This is partly true, because on sane occasions at phases 0. 75, 

the flux. was too small to make any meaniI13ful measuranents. 

However, this cannot totally explain the ObMxved flux increase 



at phases 0.0 and 0.5. 

The absence of eclipse effects for all lines other than N V 

at A 4603 demands that their line emitting regions will have to 

be larger than atleast 10 ~ (the value of the same for N V 

line). This also sets a lhnit on the size of the companion to be 

l0~. As disussed in the previous section the companion sweeps 

through the WN stellar wind, thus partly occulting the wind 

during quadrature, while at minima the entire line emitting 

region is visible. This geometrical effect will cause an apparent 

increase of flux at minima. This situation is likely to be more 

plausible specially in case of CQ Cep, because in V444 Cyg the 

companion is large~ and all the lines show eclipse effects. 

Thus it appears that in case of helium lines absorptions and 

geometric effects cause the observed flux variation, while for 

other lines it is mainly the geometrical effect. 
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4. THE BINARY NATURE OF HD 58896 

HD 50896 = EZ CMa is the sixth bright star in the catalog of 

Wolf-Rayet Stars, with a magnitude of 6.94 (van der Hucht et 

al., 1981). In one of the earliest studies, Wilson (1948) 

reported three types of changes in line profiles -

1.The 4686 line of He II yields a variable velocity from 

+120 kms -1 to +260 kms- 1 • 

2.The N V line at A4603 shows displacements unconnected with the 

He II line. 

3.The line profile of the N IV line at A 412158 varies. 

In a more deta1ed analysis, Srni th (1955) studied the 1 ine 

profiles of the A412158 line of N IV, the central absorptions of 

the He II lines at ),,4860, 5411 and also the He I line at A 5876, 

and suspected it to be a spectroscopic binary. Ross (19 61) 

observed photometrically and reported a systematic difference of 

121.1 mag. in about five months, and also an irregular variation 

of 0.05 mag. ia a few days. Kuhi (1967) observed it more 

thoroughly and suggested a period of about one day with an 

amplitude of about 0.04 mag. The night-to-night variations of 

the He II line 4686 were reported by Smith (1968), Irvine & 

Irvine (1973) and Schmidt (1974). However, none of these studies 

led to a positive conclusion on the binary nature. Serkowski 

(1970) reported strong polar irnetric var iat ions and this was 

further confirmed by McLean at ale (1979) and McLean (1980). The 

photometric periodic variation with a small amplitude was 

reported by Firmani et ale (1979) and further confirmed for the 

same period by Firmani at all (1961) and Cherep_s bchuk (1981) I 
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although the shapes of the light curves did not agree. The 

variations of the line profiles have been discussed by Ebbets 

(1979), Firmani et a1. (180) and Singh (1984), in time scales of 

a few hours. 

The most recent and detailed photometric and spectroscopic 

studies are provided by Ebbets (1979), Firmani et ale (1980) and 

Cherepas hchuk (1981), who point to the binary nature of the 

system with a compact companion of about 1-2 M0 mass range, 

although other mechanisms like non-radial pulsations and roation 

were offered as alternative explanations for the light and 

emission line behaviour. The presence of a compact companion 

goes in tune with the evolutionary scheme of a WR stage in a 

binary in a post X-ray binary stage (van den Heuvel, 1976 ; 

Tutukov & Yunge1son, 1979) and therefore makes this an 

interesting sys~em for study. 

The study of emission lines offers an opportuni ty for 

understanding the envelope structure and the asymmetry, which 

arise as a consequence of the presence of the companion. 

Spectrophotometric studies of CQ cep, a very close binary (WN 7 

+ 0), showed that the emission line flux variations are 

dependent on the stellar wind structure and Roche Surfaces 

modified for this effect. In the present analysis of HD 50896 

similar studies are made with an aim to understand the possible 

atmospheric stratification and the effect of the companion on 

it. 
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4.1 Observations 

4.1.1 Spectrophotometry 

The observations were obtained with the spectrum scanner, as 

explained in Chapter 2. The standard stars are listed in Table 

2.1. For this study the blue observations were done in second 

order and the red observations, in first order. 

4.1.2 Reddening corrections 

Al though thi s star is within the boundary of the open 

cluster Col1inder 121, doubts have been expressed on its 

membership (cf. Firmani et al., 1980), because of the difference 

in the age of the cluster and other WR stars, known to be 

definite members of other clusters (Moffat & Seggewiss, 1979). 

At the same time, the reddening of the cluster members is very 

small, not making it a unique property of HD 50896 exclusi,vely 

(E(B-V) = 0.0). The de reddened fluxes are derived by Kuhi (1966) 

and corrected for overcorrection by Smith & Kuhi (1981). 

For the observations reported here, 27 CMa was used for 

reddening corrections. The derived energy distribution was 

normalized at 5fJfJ0 A and compared with those of 27 CMa also 

normalized at the same wavelength. A systematic difference was 

noticed between these values and those given by Smith & Kuhi 

(1981). A similar effort made with n eMa also showd a difference 

in the energy distribution of Smith & Ruhi (1981). We may also 

note from the IR observations of Hillier (1984) that the 
, . 

reddening corrections are small for HD 50896. Therefore, all the 

flux and magnitude measurements are not corrected for reddening .. 

Fi'gure 4.1 shows sample scans for differ,entepo,chs. 

90 



• "'0 
2 
'i: 
CIt o 
e 
til 
i 
E 
~ z 

3100 

HO 50896 

Phase 

10.,,,,., 

"00 4100 

WoV.It'ngth(l) 

r 19ure 4.1 Sample .cans of H 0 508'6 In the blue regIon. The 
derived absolute magnitudes are normaHsed· at 5(JOO A. 

91 



4.2 Results 

4 .. 2.1 Photometry 

On 10 and 11 April 1982, photometric observations were 

obtained for monitoring the rapid variations in the visual 

magnitude. The same equipment was used with the exit slot 

increased to 100 A and the grating position centered at 5000 A. 

This technique has been used to derive the precise values of the 

absolute magnitudes of WR stars (details in Chapter 5, Shylaja & 

Bappu, 1983). HD 50646 (m v = 7.4) was used as a comparision 

star. Continuous runs of BD 50896 for stretchs of 10 minutes 

were obtained with the integration time of 1 sec, with similar 

runs of comparision and sky in between. Samples of such runs on 

each night are shown in Figure 4.2.. It appears that the, data 

were noisier on 11th April compared to 10th April. A similar run 

of HD 50646, which is of similar brightness, is also shown in 

the Figure. Power spectral analyses by DFT techniques of these 

runs (Blackmann & 'l'ukey, 1958, choosing the number of lags as 

one-fifth the total number of points, which limits the 

detectable periodicity to 30 seconds), showed periodicities of 

11 to 12 seconds with amplitudes of 0.905 mag., although other 

smaller periodicities of still smaller amplit.udes are seen' 

(Figure 4.3). It may also be seen that the intrinsic variations 

are not influenced by emission line variation decribed later. It 

is difficult to determine any other variation with this limited 

data. 
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4.2.2 Light Curves 

From the observed energy distr ibutions it was possible to 

derive the I ight curves. Representative light curves at 4790 

and 5560 a re shown in Figure 4.4. The shape of the curve does 

not seem to match with the broad band light curves of Firmani et 

ale (1980) and Cherepash chuk (1981). The available data was 

folded on 3.763 d period, after applying the heliocentric 

corrections from Landolt & Blondeau (1972). This folding was 

done separately for each season for reasons explained later (See 

also Figure 4.3, where each season is represented by separate 

symbol). At longer wavelengths also the data did not yield a 

clearly defined light variation. Table 4. 1 lists the derived 

monochromatic magnitudes at three wavelengths. The short term 

variations within a night are about 0.05 mag., which is similar 

to the amplitudes observed by the previous investigators on 

broad bands. The entire data spread over three years, are shown 

in Figure 4.5. It may be seen there is an apparent variation of 

about 400 d. However, it is very difficult to find any smooth 

variation of period 3 to 4 d in any season individually. 

4.2.1 Emission Line Flux 

The flux of some emission lines of He I, He II, N IV, N V 
• 

and C IV were measured from the energy distributions. The N III 

line at "4640 was too weak to make any meaningful measurements. 

The type of profile var iations, described by the previous 

investigators, of He II A 4686 and N IV A 4058 could be clearly 

seen on some occasions, in spite of a resolution of 10 A only~ 
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Table 4.1 

MONOCHROMATIC HAQNITUDES OF HD ~O896 

JD PHASE WAVELENQTH(A) 
2444000+ 4790 5000 ~560 

5254 375 o 684 2. 27~ 2.37:> 
5~54. 401 0.691 ;/. iU •• 2. 351 2.0268 
5;/54. 43;1 O. 700 2. ;/87 2.395 

5330.0204 O. 835 ;/. 27~ 02.295 

~330.221 0.840 2. 261 2. 310 
5330. :0134 0.843 02. 026.2 02.285 

'330.:0146 OB47 ;/. ;/;/9 2.:!90 2.0277 
5330.0259 O.SSO 02. 281 2.02bS 

'330.309 0.863 02.230 2.27S 

'330.321 0.S67 2.264 2.28' 
'330.361 0.S77 2.231 2.245 2.2~~ 

'330.374 O.SBl 2.241 2.259 
'330.396 0.SB7 2.20l6 2.2815 0l.246 
5370.141 0 .... 49 2.11:76 2.30!5 :11.232 
5370. 162 0 .... '4 2.271 2.3'5 
'370. 17~ O .... S8 2. 26;3 a. 3<47 

'370.19.2 0 .... 62 02. 281 2. 3029 
5370.0236 0.474 ::1.262 2.336 

5310.251 o 479 2.2!H a.370 

5370.271 0.4B3 .2246 a.366 

5370. 29~ O. 489 2. 241 2.36' 2.213 

5370. 307 o "'93 2.207 2.349 i.23S 

~5. 1028 O. 746 ::1.218 2.2C1lS 2.241 

:s.405. 140 O. 750 2.239 2.2S9 
:s.405. 156 0.754 2.226 2.280 2.23' 
&405 167 0. 7" ::1.0231 20265 
5405. 183 0.7601 2.252 a.31!5 
~5. 197 0. 76:> 2.256 2.309 2.:!3l2 

15405.210 O. 768 2.2026 ;t. 3.20 

5405 223 o 772 2 0256 :!. 350 

~52. 092 0.227 ;.215 2. 304 

5~2. 4612 o 1e7 ~. ;.0 2340 

5049.4~1 O.O.~ a.Qat? a. an 
5649.439 0 .• 71 2.730 a.323 
5649.0464 0.071 2.210 •. 317 2.3641 

!5450.373 0.919 2.000 ;.3'70 

"50.376 0.920 2.710 Q.a8:2 
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Table 4.1 contd 

MONOCHROMATIC MA~NITUDE5 OF HD SOB96 (CONTD ) 

.10 PHASE WAV£LENGTH(Al 
2444000+ "790 SOOO :'~oO 

5b50 380 o 9:21 2 750 2. 360 2.275 
~b50 386 0.11:22 2 620 2. 375 

5b50. 390 O. 923 2 590 •. 308 
56S0.437 o 93b 2.630 •. 3BC! 

50S0 441 o 1137 2.6'0 2. 340 

5650 445 o 938 2.5'0 •. 362 

S650.458 O. 942 2.610 2.310 

5650.467 O. 943 2.700 2.355 

5650.468 0, 944 2.640 2.355 2.271 
5650.472 0.945 2. 530 2.336 

5651.412 O. 195 2.240 2.330 

~51. 4111 O. 197 2. 265 2.290 
5651.439 0 .• 02 •. 310 2.26:2 

5651.443 0,203 01. 520 2.229 

5651.451 0.205 2. 390 :2.270 2.2S1 

5752.279 •. 217 2.335 2.279 

"90 158 0.066 2. 198 ".311 2.279 

S810 147 o 378 2.3:;0 2 229 2.275 

5811.139 0.641 •. 390 2.312 2.:225 

6037.475 0.786 2.26b 2 355 2. 199 

b047. 2bO O. 397 :2 1ge 2.232 2. 208 

6047.268 o 389 2 250 :2.241 2. 293 

6047.27'7 0.391 2,2:i!2 2.236 iii. ';}.77 

6047.294 0.31f3 2 2:i!1 2.2e~ 2. 276 
6047.317 0,402 2.264 2.270 2.219 

b047,325 o 404 2 280 ;Z,312 iii. 277 

6047. 349 O. 4tO 2.255 2.240 2 . ..262 

6047.393 0.42>? 2.240 ;2.2~5 :2 2Bb 

6047,400 O. 424 2.240 ~.272 2.~92 

6047 438 0.434 2~10 ; 232 2.23S 

6047 44b O. 43c 2,200 ;2. 259 2:129;;: 

604B ;113 o 640 2 lSa ;i!.234 2 .1'11 
6048 218 0.041 lil.244 a.274 2273 
6048.224' 0."3 2.261 a.321 
6048.23b o. 646 2.241 2.3US 2.275 

604B.2'2 0.6W 2.270 2.:IlO? 12.179 

6049.261 O. 653 2.254 a. :U5 



Table 4.1 contd 

MONOCHROMATIC MAGNITUDES OF HD 50896 (CONTD. l 

JD PHASE WAVELENGTH(A) 
2444000+ 4790 5000 5560 

6049.300 0.6b3 :O!.239 ii!.:i!B2 2.227 
6048.309 0.065 2.269. 2. 300 

0048.333 0.672 2.246 2. 336 2.276 

6048.341 0.674 2.272 2.391 2.268 

604B.359 0.679 :ii!.:o!46 2. 268 2.311 

0048.370 0.683 2.240 2.275 

6049.401 0.690 :ii!.244 2.3:o!. 2.209 
6048.429 0.697 2.243 2.li!62 2.2b7 

6048 445 0.702 :ii!. 2~H 2.281 2.239 
6048.466 0.701 2.23:i! 2.365 2.305 

6048.491 0.714 2.241 2.335 2.228 
6072. 146 2.209 2.311 .il.2B3 
6093.217 0.Q42 2.245 2.3~8 2.217 

6093.259 0.953 2.242 2.390 2.235 

6083 337 0.914 2 280 2 34~ 

6093.493 o 015 2. 175 2.272 

'148.115 D. 189 2.:o!31 ;2.276 2.:o!85 

6148. 180 0.206 2.258 2.239 

6150. 094 D. 714 2. 249 2. 3~a 2.218 

6150 172 0.135 2. 259 2. 312 2.267 

6150.218 O. 747 10\ :o!77 2.335 2.219 
6191. 10:o! O. 207 2.208 2.236 2.1273 

6198. 110 o 414 ;;!.:iIlS7 2.222 :2.254 
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in the longer wavelength region flux measures, C IV A 58"8 is 

generally Stronger than He II 5876, but only on few occasions 

was the latter stronger than the former. Some line blends at 

42"0 and 4540, were also measurable, although the individual 

contributors could not be resolved. Smooth profiles were drawn 

above the continuum to measure the area enclosed by them. The 

atlas of Smith & Ruhi (1981) was used for this purpose. 

Hillier (1984) discusses the influence of electron 

scattering on He II line profiles. Bappu (1973) had attributed 

the red wing of the He II (7-4) line at 5411 to an unidentified 

transition, because this was not seen in any other member of the 

Pickering Series. Hillier shows that this is due to electron 

scattering and the effect has been shown to be present in other 

Be II lines as well. It should be noted that these red wings can 

lead to erroneous continuum and line flux measurements. To avoid 

this, only the relative line ratios are compared (Table 4.2 and 

Figures 4.6 & 4.7), to see the possible effect of binarity. 'The 

He II line at A 4860 was chosen for taking these flux ratios, 

because it was generally covered in both parts. The scatter in 

the flux of this line (Figure 4.6) may represent an intrinsic 

var iation of f1 ux for the system, which masks the effect of 

binarity. 

4.3 Line Flux Variations 

Many recent detailed spectroscopic investigations have 

established the changes in line profiles. In our scans, although 

it was not possible to see the profile varia,tlons very clearly" 

because of lower resolutlon,pbaee depeDd&nt¢banlies influx are 
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Figure 4.6 flux varlatlon of He II IInel at 4860, and flux ratio 
for He II at X 4686 A and He J line at X 6678. 
Note the sudden change In flux near phase 0.68 and 
Ita absence for X 4686 line. Ph .... are calculated .s described In r igun 4.4. 
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seen. High dispersion spectra have shown the finer details of 

such changes (Firmani et al., 1980). The two peaks of some 

emission lines merge into one at phase 0.5. The line of N IV at 

4058, which is very stable and deemed to represent the true 

motion of the WN component in CQ Cep (Chapter 3), shows large

scale structural variations in profiles (Firmani et al., 1980). 

However, the line of N IV at ~3483 is very stable, although it 

is a blend of more number of multiplets. It may also be noticed 

tha t the N V 1 ine at A 4603 does not undergo this kind of 

splitting and merging in line profiles. This line may be treated 

to be truely representing the variation over the period 3.763 d. 

Hence the phases of points have been calculated using this as 

the reference. As explained in the previous section, the 

extrapolation from JD 2,444,3199.53 (as referred to by the 

previous investigators) does not sho~ meaningful variation, which 

is probably because of the uncertainities in fixing the time of 

observations. Hence the folding of the data has been done 

separately for each season, choosing the minimum value of A 4603 

flux to correspond to phase 0.0. Since thereis an uncertainty in 

this point itself of about 0.001d, precise ephemeris cannot be 

provided. 

The flux variations of various emission lines are shown in 

Figures 4.6 & 4.7. It may be seen that the flux of He II line 

4860 is a scatter over a mean value, throughout the orbital 

phase. The other lines expressed as ratios relative to this line 

flux may be grouped in to two categories. 
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1. Those with no variation over the orbital period. 

2. Those with small variatjons. 

The lines of He II at A541l, 6562 show not much change in flux 

values. The line of N V at A4603 undergoes a decrease, with the 

help of which the zero phase was defined. The 1 ines of N IV 

4058 and C IV A 5808 also indicate a similar decrease but not 

striking. It may be noticed that the line of He II A4686 flux 

does not get classified to any of these categories. The 

variations show larger scatter and it appears that the flux is 

slightly more at phase - 0.9. The line blends at A4540 and 4200 

have flux similar to the He II lines, which may be because the 

main contributor is He II itself. 

4.4 Model 

As was seen in case of CQ Cep (Chapter 3), if one were to 

assume that N V originates closest to the core, the reduction in 

flux at phase 0.0 can be immedietely attributed to the eclipse 

effects. This r~quires that the size of the companion be large 

enough to partly cover the line emitting region. However, the 

estimated mass from the mass function of the RV curve for the 

companion is very is small. The argument holds for the line 

emitting regions of N IV and C IV lines also. 

One may attempt to explain these variations on the basis of 

asymmetric distribution of material and intrinsic variations. 

The intrinsic var iation is apparent in the scatter of the 

meas ured fl ux of lines eg • A 4660 I whi ch cannot be def in! t ely 

;established from the monochromatic magnitudes, since the long 

term variations of the compariston stars n CHa and 27 CMa are 
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not definitely known. Thus the variations of the line flux 

ratios may be deemed to represent the orbital variation ( the 

intrinsic variations getting cancelled). 

One may start with the model suggested by Firmani et ale 

(1980), which is based on precise RV measurements. Only the N V 

line 4603 gives a smaller eccentricity in the RV solutions; 

others indicate an eccentric orbit. Since the applicability of 

Roche surfaces is questioned, the precise values of the orbital 

parameters cannot be derived (discussed in Chapter 6). However, 

the small amplitude variations of the fluxes of the high 

excitation lines like N V, C IV and N IV put their source closer 

to tbe photosphere itself. 

The pbase dependent var iation of the fl ux ratios of the 

lines of He II and He I is not quite apparent from the flux 

ratios, except the line of X4686, which shows an increase in 

flux. This is possible only if their line emitting regions are 

varying continuously or if the asymmetry is caused by the 

companion. The same argument holds for the He I lines also, 

which show insignificant variations relative to the He II lines. 

It may also be inferred that these He I lines or iginate in a 

region which surrounds both the stars, not participating in the 

orbital motion. Generally all the He rlines are associated with 

violet absorption edges,with high V~ , implying their origin in 

the outermost parts of the envelope. 

With the RV curve solutions, one may derive ~atthe mass of 

t.he compact sta~ as 1 - 2 li.0 ' aSSl.UIl!ng thElmass of the WN 

~lRponent as 10 Me and the small mas" fUP-(lt:i.on witb the orbital 

107 



o 
inclination as i = 70' , as derived from the polarimetric 

measurements. If we adopt the measuremets of the ~vN5 component 

of V444 CY9 for this case also (Cherepashchuk et al., 1984), the 

extension of the atmosphere will be about that of the separation 

itself. The compact star although considerably distant from the 

WN5 core in this case, is not detectable by its spectral 

features or the change in the energy'distribution. The accretion 

onto it can produce detectable x-rays, but they can get degraded 

to lower energies because of the dense electron envel-ope. 

(Moffat & Seggewiss, 1979). Recently Vanbeveran et ale (1982) 

have considered the production mechanism as well as the 

absorption of X - rays and discussed the different reasons for 

non-detection of X rays. 

Thus the binary model proposed by Firmani et al. can explain 

the flux variations of emission lines. N V, N IV and C IV have 

their origin close to the WNS core, similar to other systems 

(Moffat & Seggewiss, 1978, 1979; Sabade, 1980). As sketched by 

Firmani et al., the lines of He II at 5410, 6562 and 4860 

originate in a region farther from the core, This region is 

distorted by the companion and therefore, the flux show a 

scatter. The region of the He I line formation is the outermost, 

probably enclosing the companion and therefore, the flux 

measures reflect only the intrinsic variations only. 
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5. THE MEMBERS OF THE CLUSTER NGC 6231 

The open cluster NGC 6231 is considered to be belonging to 

the Sco OBI Association. Many detailed investigations like the 

determination of the H-R diagram, the distance modulus and the 

reddening have been carried out extensively (struve, 1944; 

Schild et al., 1969; 1971; Graham, 1965; Crawford et al., 1971; 

Garrison & Schild, 1979; Lundstrom & Stenholm, 1980). There are 

two WR stars in this cluster, HD 152270 (WC 7 + 0) is at the 

central region of the cluster, whereas HD 151932 (WN 7) is 

situated 22' west of the center. The membership of these two to 

the cluster has been discussed in detail (Seggewiss, 1974 a & b; 

Seggewiss & Moffat, 1979; Lundstrom & Stenholm, 1980). 

HD 152270 (MR 65, WR 79) is one of the four binaries with WC 

component and was established as a spectroscopic binary with 0 

type companion by struve (1944). Radial velocity curves were 

studied by Seggewiss (1974b), who improved the period to 8.893 

days. Proper motion measures Braes (1967) and RV measures of the 

interstellar lines (Seggewiss, 1974b) have confirmed the 

membership to the cluster. Line profiles have the absorptions 
• 

due to the companion, as well as the violet shifted absorptions 

moving with the we component (Seggewiss, 1974b). The profile of 

the C III line at A5696 has been particularly studied in great 

detail (Schumann & Seggewiss, 1975, Schmidt it Se'ggewiss, 1976; 

Neutsch et al., 1981 i Neutsch & Se99&wiss, 1985) and a cone 

model explanation has been offered for the double peaked 

profile. Polarimetric obse~vations (:{.tuna, 1982) have been used 
, CI 

fpr deirving the angle -of inclination()~tbe orbit ito be 35 • 
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HD 151932 (HR 64, WR 78) was classified as WN 7A by Hiltner 

& Schild (1966) because of the narrow emission lines. The 
-

membership to the cluster itself has been debated about not only 

because of its location 22' west of the center, but also because 

of the large reddening it displays. The radial velocity and the 

proper motion deviate not very signicantly from the mean values 

for other cluster members. Based on the interstellar line 

velocities and interstellar diffuse band equivalent widths, 

Seggewiss & Moffat (1979) have included it into the cluster. 

Schild et al. (1969) studied the radial velocity measures of 

struve (1944) and suspected that there is an unseen companion 

and the orbital period is about 3.3 d. Bappu (1973) attributed 

the excess reddening to a late type companion. Seggewiss ,(1974a) 

studied the RV curves and found that the 3. 3d per iodicity was 

spurious because even the interstellar lines showed the same 

period. Hill et al. (1974) also did not find any orbital motion. 

A further detailed investigation by Seggewiss & Moffat (1979) 

showed that the excess reddening can be explained by normal 

interstellar reddening and an unseen companion need not be 

provoked. 

These two obj ects are important for study because of the 

following reasons-

1. Although HD 152270 is not an eclipsing binary, based on the 

previous studies of CQ Cep and ao 50896 (chapters 3 & 4), we may 

expect to see atmospheric eclipses, which by virtue of angle of 

~clination may be partial. 
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2.1n case of HD 151932 any similar effect of flux variation may 

throw some light on the possibility of a companion. 

5.1 Observations 

5.1.1 Spectrophotometry 

These observations were done as described in chapter 2, the 

wavelength range was 4000 to 6000 "f>.. in first oroer (later this 

was extended to 8500 A for measuring the continuum distribution 

only). The standards from the list of Ha,Y"es (1970), '!3reger 

(1976) and Kuan & Kuhi (1976) were used for estimatimg the 

instrumental corrections. Sample scans are shown in Figure 5.1 

5'.1.2 Photometry 

The same equipment was used for the photometric obsevations 

also. A central wavelength of 5560 A, close to the center of the 

conventional V band was chosen and H10 a exit slot was used. 

This system is similar to the v of Smith (l968b). In the 230 A 

bandwidth used by Smith, a number of emission lines contribu~ed 

(Table 5.1). After examining the spectra of WN 7 and we 7 stars 

(Bappu, 1973), we chose a sl it width of 100 A such that the 

emission contribution is minimum. 

Along with the cluster members, including these two Wolf -

Rayet stars, ten spectrophotometric standards (Breger, 1976; . 
Landolt, 1973) were also obtained for the calibration of the 

system. These values derived for the cluster members, when 

cOlnpared with the V magnitudes obtained by Schild et ale (1969) 

.bow a standard deviation of 0.01 mag (,igure 5.2}. 

Xn order to get the distribution of colour Etxce$S across the 

~'1ster we have selected the r~gion.s4$J.-t18,A.lilet"J0 ... 10 A 

III 
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Table .5.1 f'lItera used by Smith (1 ~86b) for determination of absolute 
magnitude and the amlaslon lines Included In the paIS 
banda. 

Jndle •• Central 1 Width 
Line. included 

WN we 
. Nii3411 011471 

1,1 3500 .0 
o ~ n01 

c III 3508 
u 3650 100 C t!U" 

0!}3622 

b 4270 70 ell 4217 

cD)145 
v 5110 130 Oi Itt4 

Oil 1112 

H .. n ""2 c liUl1 

c !isnl 
y' 1560 230 O!11I7 

O!l141O 

H .. n14t2 

r fOOa 10 

Figure 5.2 Comparison of V magnitudes (Schild et 81 1969) with mono
chrom atlc magnitudes. 

9 I- .. 

"": • 
ii • .. e • 
:E! 
:E • u , • III .... 

> • E . --6 0 

• 
5 • .~ .1 

5 6 , " 9 

m 5560 ( ~"fvlCl ) 
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since they are relatively free of emission lines in both in WN 7 

and we 7 (Snlith, 1973; Bappu, 1973), and we have designeltea them 

as b and v respectively. These are similar to the b and v bands 

of Smith (1968) I (centered at 4270 A and 5160 A with bandwidths 

of 70 A and 130 A respectively). for this purpose a few bright 

members wi thin the spectral range 08 to B3 were scanned from 

4000 A to 5100 A with a slit width of 20 A. 

Assuming the colour variation with the spectral type is very 

small in the range 08 to B3, the colours of the unreddened star 

10 Lac, 09 V (Kuhi, 1965), have been used to estimate the colour 

excess E(b-v) of the WR and a few other cluster members. 

The values of the colour excesses E(B-V) obtained by Schild 

et al. (1969) and E (b-v) obtained here show a linear (Figure 

5.3) relationship for the normal members of the cluster. With 

the help of this relationship the colour excesses of the WR 

stars can be obtained. In case of HD 151932, we get E(B-V)=0.42, 

which is very close to the value 0.44 estimated by Schmutz & 

Smith (1980) independently from the observations of A 2200 

feature. Hence using these values of E(b-v), the intrinsic 

magnitudes have been obtained. 

A distance modulus of 11.6 has been derived for the cluster 

by Garrison & Schild (1979) as well· as by Levato & Malorada 

(1980). This value is used to get the absolute magnitudes of the 

WR members and are given in Table 5.2 

The Table includes the results from other sources as well. 

All the estimates have been corrected for a dtatancs modulus of 

11.6· mag. for uniformity. The notes th~t fpl1<:>"" the Table show 
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that for most of the estimates no corrections have been applied 

for the emission line contributions. The eleventh column gives 

the resul ts from tbis work. No correcti.on has been applied for 

the presence of companion in case of HD 152270, although its 

presence has been established. 

The monochromatic magnitudes derived from the energy 

distributions are tabulated in Table 5.3 for the objects. 

5.2 Results 

5.2.1 BD 152279 

The phases have been calculat~d from an initial epoch of JD 

2,441,160.826 and a period of 8.893d, following Seggewiss 

(1974b). Although the photometric results at 5560 A show a small 

dip near phase 0.4 there is too much of scatter to be attributed 

to eclipse effects. 

spectrophotometric results were used to derive the line flux 

of the broad features like (C III + He II) near A 4650, C IV 

5470, (C IV A5808 + Ee I A5876) and also C III 5696. all these 

measurements are listed in Table 5.5 and indicated in Figures 

5.5. 

5.2.2 BD 151932 

The photometr 1c data of ED 151932 was sea rched fo r any 

possible periodicities by the method of least squares 

(Raveendran et al., 1982) between 1 and 10 d. This showed that 

there is an indicat ion of a per iod of about 6 d, but the 

amplitude of variation is very small B.05 mag. :sowaver, such a 

period determination is 'not completely free of alias effects and 

;further continuous monitoring only oan e.$t~plish this. The 

116 



Table 5.3 
Monochromatic magnitudes of HO 1519)2 and HD 152270. 

..10 I'IAGNITUDES JD ..... ONJTUDES 2440000+ HP 151932 HD 152210 2440000+ HD 151932 HI) 152270 

·11711.331 0.731 4740.317 O. 710 
4711.396 O. 739 4740. 300 O. 819 
4711.475 0718 4740.330 O. 823 
4711.383 0.815 4740.356 0.814 

4711.454 0.820 5065.424 O. 831 

4711.4BO 0.829 5065.436 0.714 

4712.3;Z5 0.714 5068.443 O. 70liZ 
4712.349 0.727 :K)6S. 4'4 0.711 
4712.475 0.722 S06S.U6 0.705 
4712.350 o.ca 5068.434 0.826 
4712.425 0.82/i 15068.461 0.815 
4712.Ul 0.B26 !!IOOS. 476 0.822 
4713.335 0.70S S06IP.446 o.a:u 
4713.366 0.717 SOb9.466 0.819 
4713. 373 0.821 &069.450 0.71' 
4713. 443 o B16 tJ009.47S 0.70$ 
4739.3S6 o 705 5070.4:26 e.G4 
4139. 446 0.7U. 6070.4:10 0.817 
4739 459 0.725 5070.474 0.822 
4739 :.q3 O.B0il2 tf070.434 0.735 
4739 419 0.815 5070.456 0.729 
4739."08 O.Blii! S070.47S 0.'732 
4740. 30e 0.718 5071.348 0.724 
4740. 313 o 72B 1071.3'9 e.821 
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Tabl. S.4 r lux of .mlilion lin •• of HO 15"'2 . 
..10 NV NIV CIII Hit a H.II H.U Blend H"I . 2 ... 0000+ 4603 4058 SBOB 4860 1411 4686 4540 5876 

.... 3.430 190.0 182.0 146.0 324.0 298. 0 724.0 249.0 174.0 

.... 3.4.1 198.0 177.0 143.0 3OB.O 279.0 717.0 236.0 163.0 

.... 4.435 182.0 174.0 135.0 31B.0 272.0 7'9.0 268. 0 212.0 
4665.451 186.0 178.0 141. 0 307.0 284.0 74B.O 258.0 203.0 
4684.467 172.0 174.0 135.0 281.0 241.0 641.0 222.0 1'1. 0 
4685.403 183.0 182.0 152.0 294.0 263.0 6.9.0 241.0 172 0 
4685. 428 lBO.O 177.0 143.0 286.0 25 •. 0 .58.0 236.0 164.0 
4711.406 205.0 )81. 0 156.0 327.0 268.0 707.0 249.0 170.0 

4711.43' 209.0 170.0 16S.0 306.0 274.0 725.0 268.0 186.0 

4712.441 212.0 185.0 155.0 :l91.0 289.0 758.0 292.0 192.0 

4713.424 196.0 174.0 141.0 lOB. 0 275.0 741.0 297.0 214.0 
4714.333 192.0 176.0 146.0 332.0 296.0 707.0 276.0 14tB.0 
4739.383 202.0 172.0 154.0 294.0 an.o 695.0 213.0 206.0 

4740.277 2U.0 184.0' 1'2.0 319.0 289.0 727.0 65.0 177.0 

47&0.200 191.0 17B.O 164.0 325.0 327.0 746.0 291.0 211.0 
4780.236 206.0 162.0 147.0 341.0 311.0 7aB.0 276. I) 237.0 

006'.370 20&.0 196.0 147.0 311.0 d9.0 684.0 241.0 176.0 
5066.353 197.0 t81.0 159.0 .319.0 .'5.0 709.0 I.e. a 192.0 

506B.3S3 184.0 174.0 138.0 276.0 147.0 6S1.0 21B.O 159.0 

5069.416 194.0 170.0 149.0 309.0 ;275.0 "4.0 1231.0 172.0 

5070.3&0 207.0 176.0 138.0 ~4.0 =:iH.0 695.0 242.0 199.0 

5071.454 191.0 184.0 145.0 /H9.0 ••. 0 "6.0 1Il59.'0 1750 

5405.429 190.0 17".0 140.0 2C'il.0 :29'.0 6081.0 257.0 11' 0 

5400.431 20?0 199.0 154.0 315.0 280.0 694.0 232.0· 195 0 

8401.411 195.0 186.0 141.0 274.0 2.~.0 658.0 241.0 l~.O 

5407.419 2U.O 212.0 144.0 299.0 257.0 "".0 au.o 149.0 

MOS. 419 200.0 207.0 155.0 32 •. 0 249.0 6",0 I!O.O 14080 

5409.4" 211.0 195,0 149.0 311.0 127".0 .... 0 227.0 1514.0 

5451.360 203.0 207.0 15'.0 302.0 1l70.0 615.0 1245 0 177.0 

54$2.317 187.0 1'2.0 141.0 277.0 241.0 ..... a 121a 0 151. 0 

5811.434 201.0 203.0 n2.0 a.S.O 140.0 .... ~.o 198.0 1<420 

S'.4.125 212.0 :215.0 163.0 342.0 3U.0 717.0 2$7.0 Ui,.O 
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Table 5.5 flux of emission linea of HD , 52270. 

"D PHASE Blend CIV Bltnd Dhnd Cnl 2440000+ "340 ~808 5450 "650 5696 

4663.468 0.865 93. 0 530 0 305.0 795.0 506.0 
4664.442 0.97!/ 95. 0 558.0 330.0 655.0 418.0 
4665.458 0.089 82.0 460.0 286.0 722.0 457.0 
4684.467 0.226 119.0 475.0 238. 0 797.0 465.0 
4711.429 0.258 106.0 492. 0 2B5.0 642.0 371.0 
4712.332 0.300 89.0 544.0 272.0 75S.0 40B.0 
4713.330 0.473 97.0 461. 0 290.0 801.0 362. 0 
4714.344 0.586 135.0 550. 0 372.0 983.0 565.0 
4739.397 0.403 65.0 422. 0 1B2.0 835.0 382. 0 
4740. 281 0.503 115.0 506.0 297.0 852.0 483. 0 
4790.208 0.992 130.0 '90. 0 375.0 849.0 520. 0 
5065. 392 0.061 110.0 570.0 352.0 907.0 545.0 
500e. 421 0.401 98.0 46iit 0 ~ao.o 875.0 430. 0 
5009.417 O. 513 146.0 545. 0 342.0 982.0 535. 0 
5070.399 0.624 11'.0 536. ° 315.0 915.0 470.0 
5071. 479 O. 745 140.0 587. ° :u.9.0 995.0 561.0 
5-40$. 461 0.307 109.0 '85.0 .262.0 815.0 440.0 
5406. 441 0.411 95.0 "12. 0 150.0 785.0 370.0 
5406. 462 O. 413 78 0 445.0 168.0 760.0 33~. 0 
5406. 476 0,415 84.0 430.0 1155.0 735. 0 348.0 
5407. 427 o 522 110.0 490.0 ;5'. ° 830.0 435.0 
5407. 437 o 523 96,0 465 0 283.0 797.0 407.0 
5409.429 0, 603 76.0 487.0 382.0 753.0 396.0 
5408.440 O. 636 82.0 481.0 285.0 827.0 456.0 
5409.448 O. 749 eso 562.0 300.0 930.0 516.0 
154~1.369 0.463 110.0 490.0 275.0 '38.0 430.0 
6451. 404 o 467 100il.0 475.0 262.0 '00.0 415.0 
5451.415 0, 468 113.0 4'3.0 248.0 '27.0 442.0 
5452.3:2:> O. 571 1120 0 '30.0 33'. 0 '10.0 470.0 
,ell. 393 o. 947 107.0 5'S.0 361.0 9a7.0. '90.0 
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scanner observations were used for estimating the flux values of 

N IV 4058, N V 4603, C IV 5808, He II 4860, 5410, 4686, He I 

line of A5876 and the blend of 4540. The line of N III could 

not be resolved to measure the flux accurately. All the measured 

fluxes are listed in Table 5.4'. 

5.2.3 Interstellar Reddening 

For a study of the colour excesses of the various members of 

the cluster, previous investigators have pointed out that the 

interstellar reddening across the face of the cluster is not 

very smooth and therefore a single value of E (B-V) is not 

applicable for all the members of the cluster (Schild et al. 

1971; Garrison & Schild, 1979). This aspect is made clear in 

Figure 5.3 which shows the Observed (normalized at 5000 A) 

energy distributions of a few cluster members. Therefore, i:l:. 

became necessary to derive the colour excesses separately for 

the two WR stars (Shylaja & Bappu, 1983). 

The excess of reddening, which was attributed to a possible 

late type companion (Bappu, 1973) was explained as a consequence 

of anamolous reddening (Seggewiss & Moffat, 1979). This is 

apparent in Figure 5.3 also •. It may be noticed that HD 151932 

and ED 152003, which are located 20' away from the nucleus of 

the cluster, have similar distributions and somewhat different 

from the other members of the cluster. Therefore, it may be 

inferred that there is some source of exoess teddening in this 

region. 
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5.3 possibilities of a Companion for BD 151932 

The evolutionary calculations of de Loore (1980) for the WR 

phase in a bina ry show that a late type companion is not 

possible. Therefore, in the light of the explanation of 

anamolous reddening near HD 151932, the possibil i ty of other 

type of companion may be sought. 

The detailed spectroscopic investigation by Seggewiss 

(l974a) has clearly shown that ther is no apparent RV variation. 

Based on the 6d period derived from the photometry, it was 

attempted to fold the absorption line RV measures of (Moffat & 

Seggewiss, 1979), which did not yield any meaningful RV curve 

for any line. The other emission lines show smooth RV variation 

and therefore it is unlik ely that the compact companion, if 

present, can be detected by such velocity curves. 

The existence of a compact companion implies a very high 

mass ratio of q > 10, assuming the WN7 tobe,... 20 Me and the 

comapct star to be about 2 M@. 

another binary with WN7, the 

(Sticklanc, et al., 1984; Leung 
. 

mass ratic) in thio case can be 

However, in case of CQ Cep, 

mass derived ie about 35 M~ 

et al., 1983) • Therefore, the 

still higher. To estimate the 

approximate amill i tude of the RV curve, we may assume q = 10 and 

period 6 d then the amplitudes will be less than 30 kme-I• Such 

small amplitudes are difficult to detect with medium dispersion 

spectra. 

the presence of the compact companion repr$tsente the second 

WR phase in the evolution of at binary,w.bich in bt:.ner cases lik.e 

lID 50896, has many other charactersti¢.liketb.~.bulosity etc. 
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associated. H 0 151932 bEdng a member of the rela ti vely young 

cluster does not fit into this scheme. 

5.4 Line Emitting Regions in SD 151932 

The violet shifted absorptions clearly indicate an expanding 

envelopE" I follow in9 the exci tation potential ver sus velocity 

relation like other systems (Seggewiss, 1974a). Therefore, it is 

implied that higher excitation like N V, N IV & C IV originate 

closer to the photosphere. The variations shown by the observed 

flux may be interpreted with this criterion. The He I lines, 

which are formeo in the outermost regions of the atmosphere show 

large scatter of flux. Their RV curves also show a large scatter 

(Seggewiss, 1974a) compared to other lines. Such RV changes were 

attr ibuted to change s in the part icle dens i tyby Seggewi S8 & 

Moffat (1979). They have shown that small cha,nges in particle 

density (the source for this is not known) can lead to large 

changes of ion density in the outermost regions where the He I 

lines are formed. 

The observed photometric variations of period ..... 60, which 

represents the asymmetry in the envelope, can also be explained 

by the variable density hypothesis. Further, the intrinsic 

variations of WRs are not uncommon, which, in the present study, 

might have produced the observed apparent periodic variation. 

Continuous photometry with simultaneous spectroscopic 

measurements only can establish this aspect. 

5.5 Possible Atmospheric Bclipses in aD 15227' 

This is one of the 4 stars with we OQlQPon.nt, with an 

6$tabl ished period of about 8. S9d" . '~~9"'iss (.1",1:» obt.ained 



the RV curves with better resolutions and noticeo the cE.'ntral 

absorption of the 5696 line of C III. The absorptions lines of 

the companion also were easily detectable because of the phase 

difference of 0.5 relative to the emission lines at A 5696, 5808 

and 5471. Therefore it was possible to improve the period to 

8.893d. They velocities and the amplitudes of the RV curves show 

different values corresponding to different emission lines. 

Based on the RV curve of the unblended line of C IV A 5471, which 

shows the systemic velocity, Seggewiss (1974b) has obtained the 

masses of the components. 

The violet displaced absorptions also have been studied by 

Seggewiss (1974b); they all follow the behaviour of emission 

lines. Higher excitation lines like C IV have smaller velocities 

compared to He I lines. However, the relation of the EP versus 

velocity is not as strong as in case of WN systems. Further, the 

RV amplitudes of He I ),5876 and C III A. 4650 are nearly same 

implying that they both have similar motion in binary system_ 

The origin of gas streams in this has also been discussed 

in detail (Seggewiss, 1974b). Further detailed investigations by 

Schmidt & Seggewiss (1976) have clearly shown the effect of 

central absorption with phase. This was attributed to a 'hole' 

near the Lagrangian point by Neutsch & Se9gewiss (1977) and 

Neutsch et al. (1985) 

The flux measures in Figure 5.6 show a dip at phase 0.4 for 

some lines. The zero phase corresponds. to the we in front and 

the angle o~ inclination is 3~ 

polarization measures of Luna (1982). Ifb.t.tfo.re, ~. ~ay ~ssume 
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that: at phase 0.4 part of the line emitting region is covered 

only for some lines. then this represents the case of an 

atmospheric eclipse, since at the corresponding phase there is 

no change in the continuum (Figure 5.4). It may also be noticed 

that He II and I lines do not show this dip. 

The effect of the central absorption on the total flux may 

not be significant in the resolutions of this equipment. 

Further, some lines appear as blends here. The C III ~ 4650 and 

He II ). 4686 form one such blend. Similarly He II A 5410 and C IV 

5471 also form a blend. Smooth gaussian profiles may be drawn, 

but the total measured area only are indicated in the Figures. 

The lines at ),4340 result in a single blend, making it difficult 

to resolve the individual contributors. 

The dip at phase 13.4 in some cases is broad enough to cover 

up to phase 0.5, which corresponds to the 0 star in the front. 

To determine the variation of the contribution of the He II to 

the total value of the measured flux, other lines of He II were 

examined. Most of them are again blends and are expected to have 

central absorptions from the companion. Figure 5.6 includes one 

measure at 1..43413, where flux appears to be constant relative to 

other lines. This, perhaps, implies that it ia free of any 

orbital effects. This may also be because, He· II lines have 

contributions from both the components and the variatipn of the 

oentral absorption leaves the total flux unaltered. Extending 

the same argument to A 4686, al though even; h~9h· dispersion 

spectra (Seggewiss, 1974b) were unable to l'esolve the possible 

~entral absorption, one may say that-the Q:ont.,tbu~ionto the 
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total f1 ux meas ure(] is constant. Then the va r iation seen in 

Figure 5.6 can be attributed to C III A 4650 itself. 

5.6 Line Emitting Regions in HD 152270 

The masges derived by Seggewiss (1974b) as 35 lv1e for the 0 

star and 13 H(!) for the we star, may be used for estimatimg the 

distance of Ll ' the inner Lagrangian point, form the Tables of 

Plavec & Kratochvil (1964). For a separation of about 66 10' this 

will be about 43 R0 from the center of mass. Since the angle of 
o 

inclination is about 35 , and since the observed eclipse is 

very broad, quantitative derivations are not possible. The Roche 

surface calculations probably may not be valid for these stars 

with strong winds. The eclipse effects on C III and C IV imply 

that they are formed closer to the photosphere than the He II or 

He I lines. Since the line profiles do not reflect the asymme~ry 

directly as seen in V444 Cyg (Ganesh et al. 1968) and e r·1U8 

(Moffat & Seggewiss, 1979), the extension of the e III and C IV 

line emitting materiell may be taken as the inner Rocbe surfacE: 

itself. 

From the interoferometric measurements of We? binaryy2 Vel 

(P = 78 d), Brown et al. (1970) have derived that the extension 

of the C III line emitting region is 5 times larger than the 

continuum emitting region. However, the dimensions derived by 

them cannot be used directly here because of the difference in 

the subgroup. 

The large velocities associated with the violet absorptions 

of emission lines indicate that the winds in the &nvelopes are 

strong enough to complicate the structure. of Ie II and He I 
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lines, which are probably fornled in the outermost parts of the 

envelope. Very high dispersion spectra only can reveal this 

aspect, since it is known th~t, even in a well serarated binary 

like-? Vel the line profiles are affected by the presence of the 

companion (Ganesh, 1966). 
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6. THE LINE EMITTING REGIONS 

The earliest study of the atmospheres of the WR stars was by 

Beals (1929), as mentioned in Chapter 1. Menzel (1929) supported 

the idea of the broad emission lines originating in a simple 

expanding shell. Wilson (1942) raised questions on the validity 

of this hypothesis based on the non-detection of 'transit time 

effect' in a binary like V444 Cyg. Later studies have shown that 

this simple picture of expanding shell cannot explain all the 

observed spectral features of WR atmospheres. Various other 

mechanisms are investigated as possible causes for the observed 

broad emission features. Munch (1950) showed that electron 

scatt,er ing coul d increase the width of the emission lines, 

considerably. Later theories included effects of varying 

velocity fields and density 'gradients. Chandrasekhar (1934) 

showed that an expanding envelope can produce occul tat ion 

effects. The variation of emission intensity with latitude has 

been discussed by Bappu & Menzel (1954). The problem of 

radiative transfer in moving atmospheres has been dealt with, by 

Sobolev (1947) and Rottenberg (1952). However, it is difficult 

to infer these aspects from observations directly. 

Bappu (195la) showed that rotational instability could 

explain large widths of emission line~. He also derived that an 

excitation gradient in the atmosphere would produce large widths 

for the highest excitation lines~ Limber' (1964) postulated that 

continuous gravitational contraction in a post main sequence 

stage causes the forced rotational inst:apilitY;r wbicb in turn is 
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responsible for the large widths of the emission lines. Recent 

studies by castor & van Blerkom (1973) have taken into account 

the electron envelopes associated with the atmospheres. 

In the context of CQ Cep, various models have been put 

forward to explain the emission line flux behaviour by earlier 

investigators. The common envelope model proposed by Bappu can 

(1951a) explain the occultation effects; however, the He I lines 

are assumed to be originating deeper in the envelope , which 

contradicts the velocity versus EP relation, derived from the UV 

line profiles (Stickalnd et al., 1984). Sahade proposed a stream 

towards the companion from WN to be responsible for enhancement 

of line flux (cf. Hack & Struve, 1970). Leung et a1. (1983) 

explained the behaviour of some lines at phase ".8 by assuming 

that the line emitting material has a maximum velocity towards 

the observer at that phase. The latest model by stickland et al. 

(1984) takes into account the difficulties encountered in 

'fitting a simple model, and provides a hot zone between the two 

stars and an enhanced outflow. 

6.1 Roche Surface 

The only emission line which shows eclipse effects is that 

of N V at A 4603. If this may be used for estimating the line 

emitting region , the size will be almost equal to the inner 

Roche surface calculated from the Tables of Plavec & Kratochvil 

(1964, see Figure 6.1). The use of these 'rabIes needs many 

8E?sumptions to be made about the components. Considering the 

large wind velocities of the WN, component and the latge 

~xtension of the atmosphere, th1sp~etur. of. ;J,oclle surface will 
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r igure 6.1 (a) CI.nical Roche surfaces for CQ Cap. 

(b) Classical Roche surfaces for V444 eyg. 
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probably have to be revised. Schuerman (1972) introduced these 

effects into calculations of Roche surfaces and effectively used 

them in case of massive X-ray binaries. Zorec & Niemela (198~) 

considered the radiation pressure from both the components and 

applied it to the case of V444 Cyg (cf. Sahade & Wood, 1978). 

Vanbeveran considered X-ray heating, deviations from synchrotron 

rotation and a different rate of synchronization for the two 

components(1977). From all these studies, it is clear that the 

classical Roche surface calculations are not applicable here. 

The Roche surface will extend towa~ds the. companion with lower 

radiation pressure, making the distribution highly asymmetric 

and distorting the spherical shape of both the components into 

ellipsoids. 

A sample Roche surface can be chosen for determining 

asymmetries, from Vanbe ver an (l977), reproduced in Figure 6.2. 

Only hemispheres are considered for determining the ratios of 

line emitting material at four phases, because it is established 

that generally the helium lines (considered in this work) are 

optically thick (Smith, 1973). These ratios at phases 0.0, 0.25, 

~.5 and 0.75 are 9:6.3:7.6:6.3 respectively. Thus at phase 0.0, 

the phase can be the highest, although the companion occults a 

small portion of the atmosphere. This kind of fiux distribution 

is seen for the 4686 line of Be II. Por the N IV line at 4058 

and the other He II lines the flux at. B.B· and S.S are almost 

equal. This may imply that their 41stribut~()rt may not be as 

asymmetr ic as that of A 4686. The' <Utferen($ in the optical 

thickness of the different line$&l$o play,.a significant role 

~n deciding this. 
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f'lgure 6.2 Sample Roche surface from Vanbeveran (1977). 

V441. Cyg 

WN o 

19ure 6.J Roche aorfaces f Dr V44~ eyg from NI.llule (e1 Sahade 
&: Wood, 1978) taking into acceunt the effect of 
wind. 



Kuhi (1968b) suggested a hot zone between the two components 

in case of V444 Cyg, since the eclipse effects were seen for all 

the emission lines here. The distribution of emitting material, 

in such a situation, shows concentration towards the inner 

Lagrangian point. This will be recognizable in the line profiles 

(Ganesh et al., 1967; Sahade, 1958) of the He II line A 4686. 

Similar observations have been available for e Mus, (Moffat & 

Seggewiss, 1977) for the C III line at A 5696. The absence of 

such profile variations in CQ Cep, signifies the importance of 

the modified Roche surfaces. 

The binary nature of HD 50896 is confirmed not only by the 

radial velocity (RV) curves but by the moderate eclipse effects 

shown by the emission lines of N V, N IV and C IV as well. A 

quantitative derivations of the orbit is not possible because of 

the eccentric nature of the orbit and also the scatter observed 

in the flux. From the available RV measurements, it appears that 

the companion is a compact star. Comparision with other binaries 

shows that the atmospher ic structures are similar. The Be I I 

lines probably arise from a region distorted by the companion. 

The He I lines generally show constant value of flux, indicating 

thei r formation in a region outside the influence of the 

companion. 

From the small amplitude of the light variation it is not 

possible to deduce any information re9arding the nature and type 

of components. Only the N V line at ). 4603 can be used as an 

indicator of eclipse effects. Detailed speotroscopic and 

eiml.ll taneou s spec.tropbotometr io Rlea$tlt;.mtUltJ oanthrow some 

light on this phenomenon. 
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The variation of the total flux of HD 151932 (Chapter 5) may 

be a consequence of variable particle densi ty or a possible 

unseen companion. Considering that there is a variation in the 

continuum, the latter possibil i ty of a companion cannot be 

completely eliminated, because a compact companion may show RV 

variations < 25 krns- l • However, the other characterstic features 

of such WR + compact system are yet to be detected, which, if 

established, necessitates a rethinking on the membership of this 

star to the cluster. 

For the spectroscopic binary HD 152270 (Chapter 5), the 

total flux variation show possible atmospheric eclipses of some 

higher excitation lines like C III and C IV. However, the flux 

of the He I I lines appear to be unaffected by the orbi tal 

motion, which may be a consequence of the variable contribution 

from the companion to the flux either as absorption or emission. 

Although, the C III line at A5696 shows a variable profile, the 

measured flux shows eclipse effects. 

6.2 Inferences from IR and UV studies 

The earliest IR measurements were made by Hackwell et a!. 

(1974) and Cohen et al. (1975) I who showed that the observed IR 

excess, in many cases, can be explained by either free free 

emission or black body radiation. HoW'~ver, in case of CQ Cep 

only a free free fit was possible. Stickland et al. (1984) 

obtained the IR light curves of CQ Cep and showed that the 

amplitude of the light curve. decreases towaras the IR region. 

Hence the presence of a'third $ou~ce'. c,Quldbe recognized. The 

asymmetry in the distribution of ttI- thirCls~_~ce is siroiJ.ar to 

that of other emission J.ines. 



The flux of different emission lines in the UV also have 

been meausred by Stickland et ale (1984). The behaviour is 

similar to the variation seen in the present study in the 

optical region. Thus, the emissions lines both in the optical 

and UV region show enhancements of flux at phases 0.0 and 0.5. 

Stickland et ale (1984) have also measured one unidentified line 

in the UV region whose behaviour is similar to that of N V at 

46133 in the optical, showing moderate eclipse effects. The 

equivalent widths of some absorptions also have been measured 

and they appear to have larger values at quadratures. 

Ganesh et ale (1967) pointed out that the absorptions from 0 

type star look widened at the primary eclipse, which is probably 

because they are seen through the electron envelope. Such an 

effect is difficult to see in systems like CQ Cept because the 

absorptions from the companion are not at all detectable. 

Further, the IR excess measurements (Hackwell et al., 1974) have 

shown that both the free free or blackbody fit very well. 

6.3 Comparision with other eclipsing systems 

There are only four eclipsing systems according to the 

catalog of van der Huoht et ale (1981) and all the four have WN 

companions. They are CQ Cep, CX Cep, V444 Cyg and HD 211853. 

For CX Cep the components are WN5 and 08 and the orbital 

period is about 2.1 d. This system has not been studied in great 

detail because of the faintness (ntv "" 12). 'l'he eclipses are 

shallow, because the angle of inclination of the orbital plane 

is not favourable for sharp eclipses. 'rb~ .st;, •• teQ. mass range 

is 5 to 12 .fJI'-e for the WN component (MasS6Yi &CQflti., ·198"0) • 
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V444 Cyg is the only binary with more detailed studies on 

line profiles and RV measurements. Here the 0 component is 

larger and more massive. Kuhi (1968b) studied the secondary 

eclipses using the passage of the 0 type star as an occulting 

disc in front of the WN atmosphere. He mentions about. the highly 

individualistic behaviour of these emission lines. 

The line profiles indicate the concentration of line (Ganesh 

et al., 1967 ) emitting material towards the inner Lagrangian 

point. Following the stratification seen in CQ Cep (Chapter 3), 

the secondary eclipse observations of V444 Cyg by Kuhi (1968b) 

may be interpreted. N V lines, being formed closer to the 

photosphere should show deepest eclipses. However, this is only 

partly true because the deepest eclipse is that of N IV at 7112 

and the N V line is only next to it; then follow the other N IV 

lines. 

The other peculiarity is that the eclipses do not occur at 

0.5 but slightly earlier than that. This can be partly explained 

by considering the Roche surface calculations of Niemela, which 

is reproduced in Figure 6.3. At ph~se 0.5, when the 0 star is in 

front, the line emitting region is still visible, but for a 

small portion getting occulted, where as a larger p6rtion will 

be occulted just before or after the phase 9.5, depending on the 

orbital inclination. 

The separation of the components is 49 R® I from the light 

curve analysis (Kuhi, 1968b). Further, all tbe line emitting 

material will be within the Roche lobe and of the ()rder~ of the 

size of the secondary (10. Ra) $0 tb.ttbe 9<ll.ip$e eff~cts are 



seen. Since no information is available on the He I.Unes it is not 

possible to deduce anything on their line emitting region. 

Thus, it appears that there is a difference in the sizes of 

the atmospheres of CQ Cep and V444 Cyg. For CQ Cep all the 

emission zones had to be larger than 10 R0 where as for V444 Cyg 

they had to be smaller than 10 R0 • Observing the difference 

between the subg roups WN5 and WN7 in rna sses, abundance s, 

absolute magnitudes and ionization structures (Moffat & 

Seggewiss, 19810) this change in the size of the atmosphere is 

understandable. 

The fourth ecl ipsing binary is HD 211853, which shows 

irregular variations of light. Earlier investigators classified 

this into an eclipsing system of period 6.7 d. Ganesh & Bappu 

(1967) derived the RV curves for N IV line at A 4058 and He II 

line at A4686. However, the absorption measurements resulted in 

a scatter. Recently Massey (1981) studied this system in greater 

detail and arrived at an important conclusion: this is a 

quadruple system - pair A consists of WN6 and 0 and has a period 

of 6.7 d; pair B has both 0 type stars and a period of 3.5 d. 

Based on this the estimated mass of the WN component is derived 

as 10 to 210 M0 • From the line profiles, it appears that this 

also shows enhancement of flux at minima) however, the 

complications arise because it is a quadruple system. 

The well studied binary V444 Cyg bas an orbital period close 

to that of HD Se896. Direct comparision between the two is not 

.possible because of tbedifference in the tYP$ of companion. The 

~nfluence of the small companion is detectablaon;t.y as a 



distortion in the atmosphere where the higher excitation lines 

originate. Other lines show scatter. 

There are some similarities between the two systems. None of 

the RV curves give identical solutions in either ·case. Both show 

variation of polarization with phase, which implies a dense 

electron envelope. 

The wind dominant Roche surface can explain the flux 

variation I to some extent, for CQ Cep and V444 Cyg. In case of 

80 50896 there is a complication introduced by the eccentricity 

of the orbit. The value of e = 0.34 is based on the RV measures 

of N IV A 3483 and He II A4686, while N V gives a still smaller 

value of e. 

6.4 Peculiarities of some emission lines 

From a study of WNL systems, it has been shown that the 

motion of the WN component in binaries is best represented by 

the N IV line at A4058 (Moffat & Seggewiss, 1979). This 

assumption bas been extended to all binaries, so that the 

differences in the behaviour of some emission lines can be 

understood, as a consequence of the differences in the dynamics 

of the line emitting regions. 

Although hydrogen deffeciency is an established phenomenon 

in WR stars (Sahade, 198e), in some binaries the Balmer lines of 

hydrogen in absorption have been detected. Thetefore, it is 

difficult to estimate the contribution of the companion to some 

lines like those at A A 41e0, 434e, 4860 and 6562. Therefore, 

although these lines can be considered as due to Be II, their 

behaviour appears to be different relative to other lines. 
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6.4.1 Total Flux Variations 

The flux of the two systems CQ Cep and HD 50896 are shown in 

Figures 3.5, 4.6 & 4.7 for the lines X 4058 and 4686. It may be 

seen that the flux of X4686 shows an increase at orbital phase 

8.0 and 0.5, corresponding to the eclipse and transit of the 

components. In case of CO,Cep, not only the N IV 4058 line, but 

all the other Be II lines also showed a similar behaviour, which 

were attributed to the complicated structure of the atmosphere, 

arising as a consequence of the proximity of the companion. In 

case of BD 50896, the N IV line at A 4058 and lines Of Be II except 

4686 show a scatter of flux. Similar flux measures of other 

binaries are not yet available. However, the line profiles of BD 

186943 (Ganesh & Bappu, 1967) show a large difference in the 

profiles from conjunctions to quadratures, from which it may be 

inferred that there is an increase in' flux at eclipse and 

transit. 

In case of V444 Cyg (Ruhi, 1968b) all the emission lines 

show eclipse effects. Again, the eclipse depth of AI. 4686 is 

markedly different from those of other lines. This may imply 

that at phases corresponding to the eclipse and transit, the 

total flux increases relative to other lines, ,so that the net 

effect is to reduce the eclipse depth. There are some other 

systems, which also indicate increase of flux indirectly., In 

case of SD 98657 (P -= 8.26 d), a dip in the light, curve at ). 4688 

is observed (Niemela & Moffat, 1982) at, pbase 0.1, which is 

attributed' to the asynunetric line 'emittingregio.n. However, the 

light curve can be interpreted alil showing an,increaa. 1n flux' at 



pha se 0.5, co r r espon ding to the WN4 component oenlna t ne 

companion. 

The line profile studies of V444 Cyg have shown the multiple 

component structure of the A 4686 line, attributed to the 

concentration of the material between the two stars. A similar 

possibility exists for HD 90657, for explaining the dip near 

phase 0.1, when the contribution from the region between the two 

stars is minimum. In case of HD 5980 (P = 19.27 d), Breysacher 

et ale (1982) have explained the profile by a larger amount of 

material towards the hemisphere facing the 0 star. 

6.4.2 Radial Velocities 

The RV curves from various sources are reproduced in Figures 

6.4 a & b. The sources are indicated in the Table 6.1. The 

following points are immedietely apparent -

1. Considering that the N IV line of A 4058 represents the true 

motion of the WN component, there is a red shift of iny the 

velocity of the center of mass in all cases. 

2. The amplitudes of the RV curves K(4686) and K(4058) vary from 

system to system. The variation of the difference is shown 

in Figure 6.5 [AK = K(40S'S) - K(4686)]. For CQ Cep,AK is 

largest and positive, while it reaches zero for systems with 

orbital period near 4 d. For still longer orbital periods, 

it appears that AK will remain zero or take negative values. 

3. The solutions derived from the A 4686 RV curve generally give 

eccentric orbit, while the solutions from other lines may be 

circular, 
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Table 6.1 • Blnarle. choun for atudy of the behaviour of ). _686 
line. 
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In the context of the short period binary CX Cep(p = 2.1 d), 

the amplitude differences of the two RV curves have been 

discussed (Massey & Conti, 1981) and they have assumed that the 

two are equal. However, their RV curve excludes the possibility 

of K (4058) < K (4686), while there is a suggestion that K (4058) 

may be greater than K(4686). From Figure 6.5, it may be inferred 

that the value of A K may be about + 60kms-1 • This can be 

established by only a better RV curve for A 4fi)58. The cross in 

the Figure corresponds to that of HD 228766 (P =10.74 d), which 

does not agree with the smooth curve. However, the available RV 

curve does not correspond to A4058 only (Massey & Conti, 1977), 

because the 'narrow emission' corresponds to an average of the 

velocitie~ of N III, N IV and 8i IV lines. Similarly for another 

binary HD 311884 (Niemela et aI., 1980), the RV curve of A 4686 

cannot be separated from the mean of all He II lines. In case of 

HD 9795fi) (P == 3. 77d), the mean of :\4686 and 4058 only is 

available (Moffat & Niemela, 1984). Other systems have only one 

of the two RV measurements available (eg. BD 5980, Breysacher et 

al., 1982; SO 86161, Moffat & Seggewiss, 1982) and therefore 

these systems are not included in the discussion. 

6.4.3 Effects of Companion 

In general, the established companions in many binaries are 

of spectral type o. Therefore, it is possible that there is an 

absorption component superposed on the emission profile. Any 

such absorption component, if present, will move in the opposite 

direction to indicate the movement of the companion. Attempts 

made to search for this, revealed that sucb absorptions are not 
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clearly noticeable. The profiles of A 4860, for V444 Cyg, show 

this type of absorption but A4686 line profiles donot. (Ganesh & 

Bappu, 1967). However, one may interpret the double hump profile 

as being caused by an absorption rather than two emissions. In 

case of ED 193928 (P == 21.64 d), there is an indication of 

double hump structure but not very well separated. 

If one postulates a companion of type Of, the contribution 

to the emission itself becomes considerable. This bas been 

discussed in case of ED 5980 (Breysacher et al., 1982), where 

three contributors to the emissions are considered. 

l. the WN component 

2. the companion and 

3. the region between the two stars. 

By means of such a mul ticomponent profile, they are able to 

analyze the variation of the half-intensity widths of the line. 

At phase 0.0 and 0.5, probably the contribution (3) is not very 

significant, causing a decrease in the half-intensity widths. 

The observational evidence, thus, clearly indicates that 

there are additional contributors tOA 4686 relative to A405B.One 

may consider the other possibilities such as the differences in 

optical depths and the asymmetric distribution of emitting 

material. 

In case of binax;ies with Of companions, therefore, it is 

possible to have significant contribution from all the above 

mentioned three parameters. In medium dispersion spectra, 

however, the line profiles get smoothened resulting in an error 

infixing the center of the profile. This can cause ~ net 

reduction in the amplitude of the RV curve. 
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In case of binaries, with compact companions, although the 

contributions from the companion is not very significant, the 

accretion disk can contribute. However, not many samples are 

available for verifying this aspect. HD 197406 (P = 4.17 d) fits 

in to Figure 6.5 very well, but the contribution from the disk 

cannot be distinguished in the profile. In case of HD 50896, the 

4058 line profile is complicated and therefore a comparision is 

not possible. 

The red shift of the'Y value is a general feature, in all 

binaries This aspect has been discussed by many previous 

investigators (Sahade, 1958; Ganesh & Bappu, 1967) •. The effects 

of electron scattering in an expanding envelope was investigated 

by Auer & van Blerkom (1972), who showed that the velocity field 

preferentially scatters the photons to the red. Thus electron 

scattering is mainly responsible for the red wing of the He II 

line profile asymmetry and this has been confirmed by Hillier 

(1984) by both observations and theoretical deductions in case 

of HD 50896. Thus, this effect adds to the asymmetry making it 

difficult to fix the line center and hence adding to the errors 

in the RV measurements. 

The above discussed effects of the companion and the 

electron scattering are probably common to all WR systems. 

Therefore the reduction of A K, the amplitude difference, with, 

the orbital period cannot be explained by these two factors 

only. 

It is known that classical Roche surfaces ar,e not applicable 

to the WR systems, which have asymmetric line emitting reg~ons., 
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Further, it is also known that A 4686 . has the largest optical 

depth amongst all He II lines (Hillier, 1983) and therefore we 

are seeing the emission from the outermost parts of the line 

emitting region. Thus the flux variations of A 4686 reflect the 

asymmetries in the line emitting regions directly. However, the 

exact distribution of the line emitting material in such a 

surface will be oecideo by the oensity oistribution, the 

velocity law and also the temperature gradient. A qualitative 

analysis of the asymmetry can leao to the deouction that short 

period systems show more complicated line profiles ano larger 

fl ux var iat ions. As the companion goes farther and farthe r, 

(i.e. period longer ano longer) this effect reduces. 

Therefore, long perioo systems may not show increase of flux 

at phases corresponding to eclipse and the amplitude reduction 

of ),4686 RV curve.It may also be seen in Figure 6.S that not 

many samples are available for longer period range. It is 

possible that the amplitudes donot differ greately in this 

range. 

The effect of the 0 or Of companion on other emission lines 

may be also considered. The line of N III at A 4640 is a possible 

contributor. However, because there are three unresolved 

components , the additional contributor cannot be resolved. 

However I in case of CQ Cep the behaviour of this line was 

different from other lines. 

Therefore it appears that the contribution from the 

companion either as emission or absorption to. the line profile 

is partly responsible for the observed difference in the 



behaviour relative to A 4058. The large optical depth and the 

asymmetric distribution in the atmosphere also can cause the 

observed variation. Since the proximity of the companion is 

responsible for the distortion of line emi tting regions and 

therefore the line profiles, the inequality K(4686) < K(4058) 

may be valid for very short period binaries only. Thus there is 

an emphasis on the study of the other short period systems like 

ex Cep and HD 97950 more thoroughly for both RV and flux 

variations. 

The peculiarity of the central absorption in the line 

profile of C III "- 5696 is a unique feature, not seen in any 

other line. The cone model of Neutsch & Schmidt (1985) which 

explains this satisfactorily, can be extended to other systems 

too. However, not many samples are availble for this. The other 

binary with WC7 component eMus (P = 18 d) also has a peculiar 

feature about the C III "-5696 line1 however, this has been 

explained in terms of the concentration of emitting material 

towards the inner Lagrangian point (Moffat & Seggewiss, 1977). 

As an effect of the extension of this cone model, one may expect 

to see such 'hole' effects in the lines which are formed in the 

outer regions of the atmosphere. This is a difficult task 

because the He II and He I lines are complicated by the 

contribution from the companion. In case of shorter period 

binaries the effect may become noticeable for other higher 

excitation.lines as well. Therefore, a study of the absorptions 

in 1 ine prof i1es of other binar ies can th row some 1 ight on 

whether only the "-5696 line is a special case or, other lines 
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also show this behaviour. It is possible that this line is 

emitted in an extended region similar to the A4686 line in WN 

binaries, in which case all the four binaries may be expected to 

share special behaviour of this line. 

6.5 Sporadic Events 

It may be mentioned that there are many reports of sporadic 

brightenings of many emission lines. A change in the strength of 

the A4686 line wil~not result in a corresponding change of 4860 
I 

line in many cases. The cause of this may be the effect of 

absorption line or the small difference in the upper level of 

excitation or the optical depths or the differences in the sizes 

of the line emitting regions. 

A brightening of the order of 0.03 mag was noted by Hiltner 

(1950) for CQ Cepe Later Kartasheva (1976) reported variations 

up to about 0.1 mag in 10 months. Both these observations were 

for the continuum only. However, in 195~ Hiltner also noticed a 

sudden change in the strength of He II at A4686. It is possible 

that we have a similar situation in our observations in 1982. 

The sudden increase in flux at phase,... ".9 corresponds to the 
I ' 

observations made only in one season. Hence if this corresponds 

to a sporadic brightening of the A 4686 line, its behaviour 

otherwise is similar to the other He II lines. It may be also 

noted that the corresponding observations of other lines do not 

show any increase. 
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The behaviour of the He I lines also has been changing for 

CQ Cep at some epochs, as has already been discussed (Char.ter 

3). The I ine at ). 4471 A spl it into two components in Hiltner's 

plates taken in 1943. Bappu's collection of the plates of 1952 

showed similar line splitting. In 1978, Leung et ale (1983) also 

noticed such double peaks for the ),3888 line. Therefore, it is 

likely that some transient phenomenon like the enhancement of 

mass loss (Stickland et al., 1984) may be responsible for such 

line splitting. High dispersion spectra can reveal these aspects 

and the possible effect due to the companion. 

In case of ED 50896, there is an evidence of the brightening 

of the He II line at A 4860. On JD 2,446,048 this enhancement of 

flux is noticeable for only this line and not for A 4686.This is 

represented by different symbol in the Figure 4.6 and 4.7. 

6.6 Evolution 

Smith (1973) suggested that all population I WR stars have 

10 Meand therefore, they all evolved from more massive stars. 

Recently, Massey (1981) has shown that the mean value of the WR 

mass is 20 M0 " Since hydrogen clef iciency is a general feature 

of all WR stars (Sahade, 1981), it was also postulated that the 

outer hydrogen material is being lost. The evolutionary scheme 

of de Loore (1980) invokes two stages of WR phase in a binary. , 
The first phase corresponds to the more widely known. (WR + OB) 

phase: the second is (WR + compact star) phase, through a super 

nova explosion. In such a binary, it is possible that the mass 

from the WR gets accreted onto the companion, making it more 

massive and readily detectable (paczynski, 1967). However, the 



winds are so fast that the accretion may be negligible. When the 

comllani on is not detectable, the material is lost to the 

surroundings 'which may appear like a nebula. Therefore Wendker 

et ale (1975) attributed the presence of the nebula in NGC 6888 

to the material ejected from ED 192163, which was considered to 

be single. Recently this object also has been discussed for 

possible binarity (cf. van der Hucht et al., 1981: Vreux, 1985). 

The observations reported in Chapters 4 and 5 present many 

interesting features about the companion. For HD 151932, it may 

be seen that the variation in the total flux is very little, 

unlike the continuum; while in HD 50896, the variation of flux 

is more compared to the continuum. This can be a consequence of 

the asymmetric distribution of the line emitting material. If 

the cone model (Neutsch & Seggewiss, 1985) for HD 152270, can be 

extended to WN7 systems, the change in the line profile will 

become noticeable for different ionization levels depending on 

the period. This also leads to an apparent variation of flux for 

some lines only. At the same time, it should be remembered that 

the extension of the WN7 systems is larger compared to any other 

subgroup. Therefore the absence of flux variation in HD 151932 

for higher or lower excitation lines may indicate an undisturbed 

atmosphere. This, again, does not eliminate the possibilities of 

a companion completely embedded in the atmosphere, or a long~r 

orbital period system. 

In case of HD 50896, the binary nature is atrived at thr,Qugh 

the ,RV variations and' flux var.tatj;orlsl: althoiUqh t~trinsip~11.1 

varyingsingl$ WR $t~U$, a"rlt knOMn.ftgiiliJ'~es~Me~f a ~~~~, 



companion puts this to the second WR phase in the scener io 

proposed by de Loore (1980). Another characterstic feature which 

would facilitate the confirmation of this aspect is the space 

velocity. It is generally believed that the binary pulsars with 

high space velocities are results of supernova explosions in a 

binary with unidentica1 components. It is also derived that 

depending on the mass lost, the circular orbit changes to one 

with high eccentricity, without getting completely disrupted and 

thus a close binary may get separated out (van den Heuvel, 1976f 

8hylaj a & Kochhar, 1983). The large distance of HD 50896 from 

the galactic plane and the non circular orbit also favour tms 

idea. The association with the ring nebula 8308 (Chu et al., 

1982) puts its origin to the WN itself (Kwitter, 1984), since 

the [N(II)] lines from the nebula probably indicate nitrogen 

enrichment. Recently a large interstellar structure has been 

detected in the line of sight of HD 5eS96 (Heckathorn & Fesen, 

1984). 

The question of compact companion has led to many, new type 

of observations. Many 'features like the high space velocity, 

associated nebula, rapid light variations and the RV variations 

are I ikely to be helpful in the detection of such compact 

companions, since it has been shown that pulsations also can 

cause light variations of short, periods (Vreux et al., 1985).. 

Many candi<tates like HD 192163, are being reobserved in this 

context. 

The system, of HD 76536, which is' suspected 'to be having a 

compact companion (Bromage, et al., 1982) was observed, to find, 
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evidence of flux and magnitude variations. Figure 6.6 shows the 

flux of (C III + He II 4686) and the monochromatic magnitude at 

5000 A. As can be seen, the s~atter of the data prevents any 

conclusion to be drawn. The variation in magnitude resembles the 

var iations of cataclysmic var iabl eSt Eowever, because of the 

faintness of the star, var iat ions of other emission I ine flux 

could not be derived. Further detailed obs~rvations may reveal 

the characterstic features mentioned above. The flux variation 

may mean only the asymmet r ic dist r ibution of the emitting 

material and notnecessarily the companion. 

Although twenty binaries with WR components are known, it 

has not been possible to establish any correlation between the 

binary nature and the evolution associated with it. Generally, 

it is observed that WC have smaller mass compared to WN, which 

probably implies the former evolving from the latter. However, 

it remains uncertain as to how the different subgroups evolve. 

The type of atmospheric structure seems to be similar in all 

these cases and therefore, the relation between subtype, mass 

and ionization cannot be established. Further, it has not been 

possible to understand whether the single WRs evolve in a 

significantly different way compared to their counterparts in 

binaries (Conti et al., 1983) based on their different chemical 

compositions. As remarked earlier, perhaps the Roche lobe 

overflow is not able to alter the mass loss rates significantly. 

There are many massive semidetached binaries, ego OW CMa, 

with 08 components, which are considered as p:cobable progenitors 

of WR binaries. The mass loss rates, period and the masses of 



the companions indicate that they are in the contact phase of 

evolution (parthasarathy, 1978). 

Thus a study of these systems provides indirect evidence on 

the stratification of the line emitting regions prevalent in 

these atmospheres. The distortions in these atmospheres are 

reflected as flux variations, which depict the nature of orbital 

parameters and the companion. Similar detailed investigations to 

incl ude the H and He I 1 ines may th row light on the compl ete 

structure of the atmospheres. The chemical compositions are 

considered normal (Underhill, 198fiJ) and hydrogen deficiency is 

treated as an apparent effect of their origin deep in the 

atmosphere closer to the photosphe re (Sahade, 1980). These 

aspects can be understood in a better way by the study of such 

binary systems since 'the variable phenomenon discloses more of 

its nature than a steady one'. 
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SUMMARY AND FUTURE PROSPECTS 

The aim of this study was to understand the effect of the 

companion on the extended atmosphere of the Wolf-Rayet stars and 

to examine the stratification prevalent in them. The technique 

of spectrophotometry has been utilized for deriving not only the 

absolute flux but the monochromatic magnitudes as well. Such a 

detailed examination of the behaviour of the flux and magnitudes 

have yielded as a by - product, the studY' of theseasonal variation of 

the atmospheric extinction at the Observatory and the effect of 

the minor constituents in the atmosphere on the transparency. 

The monochromatic light variations in the systems studied here, 

reveal different characterstics of the respective companions. In 

the first system under study, CQ Cep (P = 1.64d), only one line 

namely N V 1.4603, shows eclipse effects, based on which, 

qualitative deductions of the atmospheric stratification was 

done. The other 1 ines clearly demonstrate the effect of the 

asymmetric distribution of the line emitting source. The second 

system HD 50896, with a compact companion, shows emission flux 

variation, which again reflect the asymmetric distribution. 

Photometric measurements indicate possibilities of mass transfer 

.and accretion. 

The detection of atmospheric eclipses for the higher 

excitation lines in case of the spectroscopic binary ED 152270, 

also indicate the posssibility of stratification prevalent in 

the atmosphere. Such eclipses are not detectable in He II and 

He I lines. The scatter in the measured flux over the orbital 

period for these lines may be interpreted as due to either 



unfavoura.ble angle of inclination or non-participation in the 

orbit. The apparently single star, HD 151932, shows irregular 

variation of flux, while the emission free continuum 

meaStHements display a periodicity of about 6d. Although the 

possibility of a companion cannot be completely eliminated, the 

confirmation also is not possible from these techniques only. 

The distortion of the line emitting region due to the 

presence of the companion is evident in all these cases. The 

maximum distortion is seen in case of the shortest period system 

CQ Cep, where almost none of the emission lines displays effect 

of eclipses. Their behaviour of increase of flux at phases 

corresponding to eclipses can be partly explained by the wind 

dominant Roche surfaces. Similar variations in HD 50896 with a 

compact companion reflect the stratification (i.e. N V, N IV and 

C IV originating closer to the photosphere) and hence the 

moderate eclipse effects are seen. The He II and He. I lines, 

which arise in the outer regions show a scatter of flux, 

implying the distortion of their line emitting regions. The 

stratification is almost similar in case of the we component of 

HD 152270, since only the C III and C IV lines show possibility 

of eclipse effect, whereas the He II lines show an irregular 

variation. Similar variations of flux are not apparent in case 

of HD 151932, whose binary nature is yet to be established. A 

comparision of all these inferences with some' indirect evidences 

in case of other binaries bring out the following points-

1. Wind dominant Roche surfaces play an important role in the 

distribution of line emitting material. 



2. These effects are probably true for the lines in the UV and 

IR regions as well. 

3. All the four eclipsing binaries show indirect evidences of 

similar stratification although the extension of the 

atmosphere appears to be more in case of WN7 subgroup. 

4. Some of the emission lines like A 4686 of He II in WN and 

C III A5696 behave in a different way compared to other 

members of the same group. This may be because of the 

differences in the line emitting regions, or the 

contribution from the companion in emission or absorption, 

or optical depth differences. 

Sporadic brightening of continuum as well as selected emission 

lines and sudden changes in the I ine profiles appear to be 

p~esent in almost all systems. 

It has been deduced theoretically that there are two WR 

phases in the evolution of a close massive binary, the first one 

is the more cornmon (WR + 0) phase. The detection of a compact 

companion puts any WR system to the more evolved, second WR 

phase. However, the stratification in the atmosphere does not 

seem to have changed significantly during this evolution.' Thus, 

in spite of the differences in evolution, mass, effective 

temperatures and chemical abundances, the stratifi cation of 

atmosphere appears to be similar, in the various subgroups. 

FUTURE PROSPEC'l'S 

Thus. the study of Wolf-Rayet binaries in a few seleoted 

regions clearly shows the effect of the. companion on the 

extended atmosphere. As· such, it emphasizes th~ need of the 



individual attention to seleqted spectral lines. Thus, th,e 

technique of spectrophotometry used here may be well utilized to 

study of atmospheric eclipses, even in case of spectroscopic 

binaries, especially when combined with simultaneous high 

dispersion studies. This is also expected to be helpful in 

understanding the long term variation of the orbital parameters. 

The main limitations of the technique are the poor spectral 

and time resolution, especially for faint, short period systems. 

However, the detector sensitivity can be improved by better 

substitutes. This technique itself is not self-sufficient in 

some aspects of study - for ego in case of ED 50896 or HD 151932 

the existence of a compact companion cannot be established by 

only the spectrophotometric measures of flux and monochromatic 

magnitudes. 

There are many massive binaries, whose understanding may be 

improved by supplementing spectrophotometric data on their 

atmospheric structure (eg OW CMa). Many other systems with 

suspected compact companions also need to be monitored. 

There is a possibility of extension of this technique to a 

few other types of binaries as well. For example, the RS CVn 

systems have late type components and the complications of their 

chromospheric activities may be better understood by mainly such 

studies. On the other hand, the cataclysmic binaries .are 

generally believed to be sources of continuous mass accretion 

from a· late type star. onto a white dwarf companion.' However, 

their faintness and short orbital period· necessitate larger 

telescopes along with more sophisticated, effeo~el\t d~t.~ctors 



like the Reticon and the CCD. At the sa.me time, it is importa.nt 

to have the UV observations of these binaries to understand the 

fineness of the line profile variations. The IR studies also are 

essential to study some aspects like the dust shell evolution of 

the novae, which form one important subgroup amongst cataclysmic 

variables. Finally, it is necessary to have good theoretical 

models, because only then it would be possible to explain the 

ultimate evolutionary aspects of these binaries. 
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