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Traditional optical spectroscopy and photo­
metry had provided numerous hints of the rich
variety of phenomena taking place in close
binary systems, making their study an active
field of astronomical research. The discovery
made some ten years ago that the X-ray sky
is full of new classes of binary systems under­
going highly energetic processes not previously
dreamed of, has brought an ever widening
group of theoreticians and observers into this
field.
The whole manifold of interacting close binary
stars has been reviewed at the IAU Symposium
No. 88, providing a broad sampling of current
research. In addition to X-ray and optical
observations, new results froIn radio astronoIny
and, in particular, in the ultraviolet from
the IUE satellite, provide coverage of the com­
plete spectral range.
In addition to review papers the volume con­
tains numerous shorter presentations. Together,
they document well this fascinating variety
of phenomena which pose new, unanswered
yet challenging questions.

Cover picture: ~'Far ultraviolet spectrum of the eclips­
ing binary systC111 SX Cassiopcac, obscrvcd at three
orbital phases by M. J. Plavec and R. H. Koch, with
the International Ultraviolet satellite, in August 1978
and Fcbruary 1979."

D. REIDEL PUBLISHING COMPANY
DORDRECHT : HOLLA0lD / BOSTON: L.S.A.

LONDON: [NGLA~D
https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


CLOSE BINARY STARS: OBSERVATIONS AND INTERPRETATION 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


INTERNATIONAL ASTRONOMICAL UNION 
UNION ASTRONOMIQUE INTERNATIONALE 

SYMPOSIUM No. 88 
HELD IN TORONTO, CANADA, AUGUST 7 - 1 0 , 1979 

CLOSE BINARY STARS: 
OBSERVATIONS 

AND INTERPRETATION 

EDITED BY 

MIREK J. PLAVEC, DANIEL M. POPPER, and ROGER K. ULRICH 
University of California, Department of Astronomy 

Los Angeles, California, U.SA. 

D. REIDEL PUBLISHING COMPANY 
DORDRECHT : HOLLAND / BOSTON : U.S.A. / LONDON : ENGLAND 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


Library of Congress Cataloging in Publication Data 
Main entry under title: 

Close Binary Stars. 

(Symposium - International Astronomical Union; No. 88) 
Sponsored by the International Astronomical Union. 
Includes index. 
1. Stars, Double-Congresses. I. Plavec, Miroslav. II. Popper, 

D. M. III. International Astronomical Union. IV. Series: International 
Astronomical Union. Symposium; No. 88. 
QB821.C59 523.8'41 80-16083 
ISBN 90-277-1116-X 
ISBN 90-277-1117-8 pbk. 

Published on behalf of 
the International Astronomical Union 

by 
D. Reidel Publishing Company, P. O. Box 17, 3300 AA Dordrecht, Holland 

All Rights Reserved 
Copyright © 1980 by the International Astronomical Union 

Sold and distributed in the U.S.A. and Canada 
by Kluwer Boston Inc., Lincoln Building, 

160 Old Derby Street, Hingham, MA 02043, U.S.A. 

In all other countries, sold and distributed 
by Kluwer Academic Publishers Group, 

P. O. Box 322, 3300 AH Dordrecht, Holland 

D. Reidel Publishing Company is a member of the Kluwer Group. 

No part of the material protected by this copyright notice may be reproduced or utilized 
in any form or by any means, electronic or mechanical, including photocopying, recording 
or by any informational storage and retrieval system, without written permission from 

the publisher 

Printed in The Netherlands 

OF 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


TABLE OF CONTENTS 
Preface and Acknowledgements 
Organizing Committees 
List of Participants 

x m 
xv 

xvii 

M. J. Plavec 

L. B. Lucy 

A. V. Tutukov, 
L. R. Yungelson 
L. Mantegazza, 
P. Paolicchi, 
P. Farinella, F. Luzny 

R. Rajamohan, 
P. Venkatakrishnan 

GENERAL REVIEWS AND SURVEYS 
Introductory Address 

The Formation of Close Binaries 

Statistical Investigation of 
Spectroscopic Binary Stars 

The Period Distribution 
of Close Binary Systems 

Rotation in Close Binaries 

3 

7 

15 

23 

27 

D. M. Gibson Binarity as a Factor 
in Stellar Radio Emission 31 

A. K. Dupree, 
L. Hartmann, 
J. C. Raymond 

F. Fekel, C. H. Lacy, 
J. Tomkin 

Ultraviolet Spectroscopy 
of Binary Systems 

Observations of Spectroscopic Binaries 
with a Solid-State Detector 

39 

53 

J. 
M. 
E. 
G. 

D. Dorren, 
J. Siah, 
F. Guinan, 
P. McCook 

Hydrogen-Line Photometry 
of Close Binaries 59 

I. S. McLean 

C. Aspin, J. C. Brown, 
J. F. L. Simmons 
S. A. H. Smith, 
A. C. Theokas 

Polarimetry of Close Binary Systems: 
Observations and Interpretations 

The Effect of Orbital Eccentricity 
on Polarimetric Binary Diagnostics 

A New Method of Light Curve Analysis: 
Application to V 444 Cygni 

65 

71 

73 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


TABLE OF CONTENTS 

II. DETACHED SYSTEMS 
J. Andersen, 
J. V. Clausen, 
B. Nordstrom 

Determination of Absolute Dimensions 
of Main Sequence Binaries 

T. J. Herczeg 

M. Kitamura 

Observed Period Changes 
in Detached Binary Systems 89 
Surface Distribution of Chemical Anomalies 
of Ap Components in Detached Close Binaries 95 

III. MASS TRANSFER AND MASS LOSS - THEORY 

J. P. De Greve, 
D. Vanbeveren 

Th. J. Van der Linden 

Close Binaries Before and After Mass Exchange: 
A Comparison of Observations 
through Theoretical Computations 103 

Evolution of Intermediate Mass 
Close Binaries 109 

D. Vanbeveren, 
C. de Loore 

J. L. Modisette, 
Y. Kondo 

The Evolution of Massive Close Binary Systems: 
Estimates of the Parameters Governing 
Mass- and Angular Momentum Loss 115 

Mass Transfer between Binary Stars 123 

R. F. Webbink 

D. Sugimoto, 
S. Miyaji 

On the Onset of Contact 
in Early-Type Binaries 

Evolution of Early-Type 
Contact Binaries 

127 

133 

K. Nomoto, K. Nariai, 
D. Sugimoto 
F. Meyer, 
E. Meyer-Hofmeister 

J. K. West, 
K.-Y. Chen 

Formation of Luminous Contact Binaries by 
Rapid Accretion onto White Dwarfs 139 
Do Blue Stragglers Form 
by Common Envelope Evolution? 145 
The Evolution of Pre-Main Sequence 
Close Binaries 149 

G. T. Bath Cataclysmic Variables, Hubble-Sandage 
Variables, and n Carinae 155 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


TABLE OF CONTENTS 

C. D. Garmany, 
P. S. Conti 
D. Vanbeveren 

V. S. Niemela 
A. F. J. Moffat, 
W. Seggewiss 
P. Massey 

A. M. Cherepaschuk, 
J. A. Eaton, 
Kh. F. Khaliullin 

H. Drechsel, 
Y. Kondo, 
J. Rahe, 
G. E. McCluskey 

R. Poeckert 

IV. MASSIVE BINARY SYSTEMS 

Anomalous Mass Ratios 
in 0 - Star Binaries 

Observational and Evolutionary Aspects 
of Wolf-Rayet Stars 

Observations of Wolf-Rayet Binaries 

Wolf-Rayet Binaries 

HD 192641 and HD 193077: Two Single, 
Hydrogen-Rich Wolf-Rayets? 

The Interpretation of Light Curves 
AX 2460 - 35 000 A of the Eclipsing 
Wolf-Rayet Binary V 444 Cygni 

Mass Flow Analysis of the Ultraviolet 
Spectrum of UW Canis Majoris 

The Be Star d> Persei 

163 

169 

177 

181 

187 

193 

195 

199 

D. M. Popper 

G. Giuricin, 
F. Mardirossian, 
M. Mezzetti 

W. Packet 

S. Soderhjelm 

M. Kondo, 
A. Okazaki 

S. M. Rucinski 

C. T. Bolton, 
D. J. Zubrod 

D. R. Florkowski 

V. ALGOL AND ALGOLS 

Spectroscopic Orbits of Algols: 
A Progress Report 

Mass Loss and Mass Transfer 
in Algols 

Abundance of Sodium in the Atmospheres 
of Algol A and B 

Ha Emission Line Profiles 
in the Spectrum of Algol 

203 

207 

Accretion and Chemical Structure of Algols 211 

What Do We Know About Algol? 217 

221 

Rotation of the Primary Component of Algol 223 

225 

On the Location of Radio and X-Ray Emission 
in the Algol System 229 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


TABLE OF CONTENTS 

R. H. Kaitchuk, 
R. K. Honeycutt, 
S. L. Mufson 

Y. Kondo, 
G. E. McCluskey, 
R. E. Stencel 

E. C. Olson 

V. Piirola 

M. J. Plavec 

R. E. Wilson, 
L. W. Twigg 

S. Kriz 

M. Hack, U. Flora, 
P. Santin 
G. J. Peters 

R. S. Polidan, 
G. J. Peters 

E. Budding 

K. Walter 

Time-Resolved Spectroscopy 
of RW Tauri and X Persei 233 

IUE Ultraviolet Spectra of the Interacting 
Binary U Cephei 237 

Transient Disks and Mass Transfer 
in U Cephei 243 
Polarization Observations of U Cephei 249 

IUE Observations of Long Period Eclipsing 
Binaries: A Study of Accretion 
onto Non-Degenerate Stars 251 

On the Existence of 
Double-Contact Binaries 263 

Structure of the Gaseous Disk in RX Cas 269 

IUE Observations of the Peculiar Binary 
Systems $ Lyrae and u Sagittarii 271 
Ha Observations of Algol-Type 
Interacting Binary Systems 287 
Ultraviolet Observations 
of Close Binary Stars 293 
Narrow Band Photometry and Observable Effects 
in Algol-Type Systems 299 

On the Location of Gas Streams 
in Algol Systems 305 

D. Crampton 

D. Sugimoto, 
S. Miyaji 

E. Ergma, 
T. Tutukov 

J. Ziolkowski 

VI. X-RAY BINARIES 

X-Ray Binary Systems 

Non-Conservative Mass Exchange and 
Origin of X-Ray Close Binaries 

Thermonuclear Burning in the Envelope 
of an Accreting Neutron Star 
Are Most of X-Ray Binaries Recurrent 
Transients? 

313 

323 

329 

335 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


TABLE OF CONTENTS 

J. F. L. Simmons, 
C. Aspin, J. C. Brown 
G. D. Nicolson 

R. Kippenhahn, 
H. Ritter, 
H. U. Schmidt, 
H.-C. Thomas 

A Critique of the Polarimetric Evidence 
on the Nature of CBS 343 

Radio Flares in the Circinus X-1 System 347 

Optical and Ultraviolet Observations 
of HZ Herculis 349 

C. T. Bolton, 
D. R. Gies 

M. Pakull 

Re-Evaluation of the Orbital Elements 
of HDE 226868 = Cygnus X-1 

Optical Observations of X-Ray Sources 
in the LMC 

355 

357 

E. J. Zuiderwijk Variations in the Profiles of H$ and 
He II 4686 A in Vela X-1 359 

J. D. Dorren, 
E. F. Guinan 

Evidence for a 6 Year Periodicity 
in X Persei 361 

T. S. Galkina 

G. W. Collins, 
G. H. Newsom, 
R. N. Boyd 

Periodical Variations in the Spectrum 
of X Persei. Discovery of a 22-Hour 
Period in the Variations of the 
Radial Velocities of Ha 

SS 433 as a Magnetic X-Ray Binary 

367 

375 

VII. THE RS CANUM VENATICORUM STARS 

D. S. Hall, 
J. M. Kreiner, 
S. N. Shore 
S. N. Shore, 
D. S. Hall 

F. M. Walter, 
P. A. Charles, 
S. Bowyer 

P. A. Feldman 

S. Catalano, 
A. Frisina, 
M. Rodono 

Period Changes and Mass Loss Rates 
in 34 RS CVn-Type Binaries 

A Starspot Model for the RS CVn Stars 

The Coronae of RS CVn Systems 

Radio Flare Activity of RS CVn Stars 

Out-of-Eclipse Light Variation of 
RS CVn Stars 

383 

389 

397 

403 

405 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


TABLE OF CONTENTS 

D. A. Fraquelli Spectrophotometry of the Ha Region 
in HR 5110 413 

S. M. Jakate The Star Spot Model and the Observations 
of SZ Piscium 415 

E. F. Milone, 
S. A. Naftilan 

Remarks on the Complicated Close Binary 
Systems RT Lacertae, CG Cygni, and 
RW Coronae Borealis 419 

E. H. Geyer Observational Evidence for Large-Scale 
Spot Activity on the Primary Component 
of XY Ursae Majoris 423 

VIII. 

G. Mitrofanov 

CATACLYSMIC VARIABLES AND POLARS 

The Nature of the Difference Between 
Novae, Dwarf Novae, and Novalikes 431 

Current Work on Cataclysmic Variables 
at Oxford and Cambridge 

G. T. Bath, 
C. C. Brunt, 
P. P. Eggleton, 
A. C. Fabian, R. Harkness, S. K. Mayo, J. Papaloizou, 
J. E. Pringle, M. Rayne, G. S. Savonije, J. A. J. Whelan, 
C. A. Whyte, D. T. Wickramasinghe 

J. Smak Circumstellar Matter 
in Cataclysmic Binaries 

A. V. Holm, C.-C. Wu, IUE Observations of WZ Sagittae 
W. M. Sparks, in Outburst 
F. H. Schiffer, 
A. Boggess 

I. G. Mitrofanov 

J. 
G. 
A. 

S. 
G. 

A. 
E. 

C. Raymond, 
Branduardi, 
K. Dupree, G. Fabbiano, L. Hartmann 

The Cyclotron Lines in the Optical Spectra 
of the Stars of AM Herculis Group: 
Observations and Interpretation 

Ultraviolet Observations of AM Herculis 

Tapia, 
V. Coyne 

Upper Limits to the Luminosity of a dM 
Companion in AM Herculis Objects 

M. Cherepaschuk, Observational Structure of Disk-like 
S. Dmitrienko Envelope in the System DQ Her 

439 

443 

447 

453 

467 

471 

473 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


TABLE OF CONTENTS 

F. H. Shu 
L. Anderson, 
M. Raff, F. H. Shu 
0. Vilhu, 
T. Rahunen 
D. H. Smith, 
R. C. Smith, 
J. A. Robertson 

IX. CONTACT BINARIES 

Theories of Contact Binary Stars 

Rotation Broadening and the Shapes 
of W Ursae Majoris Stars 

W UMa Stars and 
Angular Momentum Loss 

Energy Transfer by Circulation 
in W Ursae Majoris Systems 

477 

485 

491 

495 

J. A. Eaton, 
C.-C. Wu, 
S. M. Rucinski 

A. P. Linnell 

K. Nariai 

F. van!t Veer 

Low Color Temperature Variations 
over the Common Envelope of W UMa and 
the Cause of Its W-Type Light Curve 501 

The Physical Status of VW Cephei 505 

Mass Loss from Contact Binary Systems 
and their Dynamical Evolution 511 

Solar Type Contact Binaries - The Initial 
Mass Ratio Distribution Function 517 

0. Havnes 

K.-C. Leung 

On Sudden Period Changes 
in Contact Binaries 

Current Observational Development 
in Early-Type Contact Binary Systems 

521 

527 

C. D. Keyes, 
M. J. Plavec 

M. Friedjung 

D. Chochol, 
J. Grygar, L. Hric 

R. Faraggiana 

R. E. Stencel, 
Y. Kondo, A. P. Bernat, 
G. E. McCluskey 

... AND THE REST (SYMBIOTICS, SUPERGIANTS, 
PLANETARIES, POPULATION II SYSTEMS) 

The Symbiotic Binary System AG Pegasi 535 

IUE Observations of Z Andromedae 543 

A Binary Model for the Symbiotic 
Star V 1329 Cygni 547 

The UV Spectrum of W Cep 549 

Ultraviolet Observations of 31 and 32 Cygni 555 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X


TABLE OF CONTENTS 

R. F. Webbink 

R. H. Mendez 

Close Binary Systems in Globular Clusters: 
A Preliminary Report 

A Search for Spectroscopic Binaries 
Among Planetary Nuclei 

J. Saltzman, The Formation of Planetary Nebulae 
M. Livio, G. Shaviv with Close Binary Nuclei 

C. T. Bolton, 
J. R. Thomson 

J. Smak 

R. K. Ulrich 

HD 137569, a Population II Remnant 
of Mass Exchange Evolution 

Concluding Remarks 

Postscript: Some Thoughts 
on Interacting Binary Systems 

561 

567 

571 

575 

577 

581 

Subject index 

Index of Stars and other objects 
585 

589 

https://doi.org/10.1017/S007418090006558X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006558X

