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The content of the present subvolume V1/3b is indicated in roman. Sections of the former subvolume
V1/2b (and partly VI/2c) which have not been supplemented or treated in the present subvolume V1/3b
are referred to in italic.

In some fields the arrangement of subdivisions has ben changed for objective reasons. For a synopsis of
these chapters see sects. 4.3, 5.1.1.3, 6.1.0.1, and 6.2, respectively.

4.1

4.1.0
4.1.1
4.1.2

413
414

4.1.5
4.1.6

4.2
4.2.0
4.21
4.2.2
4.2.3
4.2.4-
4.2.5
4.2.5.0

4.2.5.1
4.2.5.2
4.2.5.3
4.2.5.4

4.2.5.5
4.2.5.6

Pages in:

VI/2b  VI/3b

The stars

Physical parameters of the stars (TH. SCHMIDT-KALER) . .................. 1
Generalremarks . ... ... ... .. i 1
Classification of stellar spectra ...... ... ... .. ... ...ccooiiiiii.... 1
Intrinsic colors and visual absolute magnitudes

(calibration of the MK system) ...............c.c.cuuiiiiiiinnono. .. 14
Hertzsprung-Russell diagram, color-magnitude diagram . ............... .. 25
Effective temperatures Teff bolometric corrections B.C. and luminositiesL... 451
Mass M, radius R, density p, surfacegravity g ........................... 28
Rotation of stars . ... ... ... ... 32
Magnitudes and colors (H. SCHNEIDER) ..........cuuuiuummnmannnnn... 35
General remarks ...... ... ... .. L 35
Data dissemination centers ......................... e 35
Definitions .. ... ...ttt e 35
General problems in photometry of stars ............................... 38
Photographic photometry . ......... .. ... i 40
Photoelectric photometry .......... ... ... ... ... L. 44
Introduction ...... ... . ... 44
References for 4.2.0t04.2.5.0. ..ot
Johnson UBV system . ...........oovuiuiironiniiii ... 48
References for 4.2.5.1 .. ... .. .. .. . .

The original UBV system, reconstructed at Vilnius ....................... 51
The DDO color system. .. ......couue e 55
Stromgren uvby system (incL. HB) .............. ... .. ... .. ... ... ... .. 57
References for4.2.5.4 ... ... .. .. .. i

The 7 color system of Borgman (RQPNMLK) ............................ 59

The 4 color system uvgr ...... ... i 60



4.2.5.7

4.2.5.8

4.2.5.9

4.2.5.10
4.2.5.11
4.2.5.12
4.2.5.13
4.2.5.14

4.2.5.15

4.2.5.16
4.2.5.17

4.2.5.18
4.2.5.18.1

4.2.5.18.2

4.2.5.19

4.2,5.19.1
4.2.5.19.2
4.2.5.19.3

4.2.5.20

4.2.5.20.1
4.2.5.20.2
4.2.5.20.3
4.2.5.20.4

4.3

4.3.1

4.3.1.1
4.3.1.2
43.1.3

4.3.2
43.2.1
4.3.2.2

4.3.3

434
4.3.4.1
43.4.1.1
434.1.2
43.4.1.3
43414
4.3.4.2
43.4.2.1

Contents

Geneva7 color SYstem ... ........oiiuiiiiiii i 61
References for 4.2.5.7 . ... . it

The Wood 12 color system (Stromgren extension) ........................ 63
The Vilnius WBVR color system . ....... .. ... ....cooiiiiiiieiiinanon. 64
The Vilnius UPXYZVS color system .............coiiiiiiiiinniiiannn.. 66
The 13 color system (Johnson, Mitchell, Latham) ........................ 68
The Johnson color system UBVRIJK...Q. . ..ot e 71
The color system used in the southern hemisphere ....................... 74
Walraven VBLUW System .. ......oiutttiiiiiit e 76
References for4.2.5.14 . ... ... . . . . e

UBVRI system (incl.Cousins V(RI),, subsect. 4.2.5.16 in LB VI/2b)......... 79
References for4.2.5.15 ........... PP

The Cousins (Cape) VRIcolorsystem ............. ... . ... ..... 82
Graphs of some response functions S(A) .............. i 83
Infrared photometrey (K30 [m) ... ... it -
Near-infrared photometry JHKLM) ........... ..., -
Mid-infrared photometry (5t0 30 um)........... ... . i -
References for4.2.5.18 . ... ... . i e

CCD photometry. .. ..o ottt e -
Photometric reduction algorithms, methods and software packages ........ -
Technical realization of photometricsystems ........................... -
Standard fields ......... .. -
References for4.2.5.19 .. ... o

Photometry fromspace ............ .. i i -
Infrared Astronomical Satellite IRAS) ......... . ... .. ..., -
TYCHO . e e e e e e P -
Infrared Space Observatory (ISO) ........ ... ..o, -
Hubble Space Telescope (HST) ..o -
References for4.2.5.20 . ... ... i

Physics of stellar atmospheres

(B. BASCHEK, K. BUTLER, M. SCHOLZ, P. ULMENSCHNEIDER, R. WEHRSE) ...... 91
Radiativetransfer ....... ... .. ... . . SR
Fast numerical methods for IDmedia .................................
Methods for movingenvelopes . ............c. i
Methods for multidimensional configurations ..........................
References for4.3.1. ... ..ot i
Lineblanketing . ... oo .o i e
Statistical treatment ........ ...ttt
Individual lines outside LTE .. ....... ... ... ..
References for4.3.2. . ...ttt
Convective energy transport . ............iiuiientiiineeaan i
References for4.3.3. . ...ttt e
Chromospheres and coronae. . ...........oovvuiiiiiiiiie i ns
Mechanical heating and modification of the energy equation . .. ...........
Classification of heating mechanisms.................... e
Simple heatinglaws ...... ... ... .
Hydrodynamic shock heatinglaws . ............... ... ... ... ... ...,
Magneticheatinglaws ......... ... ... .. i
Modelling of chromospheres and coronae. .............................
Empirical chromospheremodels .......................... ... .. ...,

41
42
42
42

EEES

45
45
46
47
48
48
48
48
49
50
50
50



4.3.4.2.2
43.4.2.3
43.4.2.4
4.3.4.2.5
4.3.4.2.6
43.43

4.3.5

43.5.1
4.3.5.2
4.3.5.3
4.3.5.4
4.3.5.5

4.3.6

4.3.6.1
4.3.6.2
4.3.6.3
4.3.6.4
4.3.6.5

4.3.7

4.4
44.0
4.4.1
442
442.1

4422
4423
4424
44241
4.4.2.4.2
44243
44244
44245
4.4.2.4.6
4.4.2.4.7
443
44.3.1
4.4.3.2
4.4.3.3
4434
4.4.3.5
4.4.3.6
4.4.3.7
4.4.3.8
4.4.3.8.1
4.4.3.8.2

Contents
Empirical transition-layermodels .......... ... ... ... .. L.
Empirical coronamodels........ ... ... i
Theoretical chromospheremodels ........... ... ... ... .. ... ...
Theoretical coronamodels ........ ... .. . i
Tube models and other special geometries ..................ccocoviua...
Coronae of accretiondisks. .......«.... ... il
References for4.3.4. . ... ..o i e e
Stellar winds . ... e
Empirical massloss ......... e
Thermalwinds ....... ... . e
Winds driven by radiation pressure . ............ ... ... ... o L
Pulsation-drivenwinds ....... ... ... ... . i,
Wave-drivenwinds. .. ... ... i e
References for4.3.5. .. . ...t e
Atomicand moleculardata ....... ... ... ... i i
Atomic energiesand wavelengths . . .......... ... ... il
Collisional data . .........c.uuueriniii i
Linebroadening ...........c.coiiiiiiiiiiii i
Radiativedata ..... ..ottt
Moleculardata ..... ... i
References for4.3.6. ... ..ottt
Atmospheres of accretiondisks ............. . ool
References for4.3.7 . . oo vttt e e
Appendix (Erratato LB VI/2b,sect. 4.3) ...t
Stellar structure and evolution (M.F. ELEID, C. DELOORE) ............... 152
List of symbols ... ... oo 152
Equations of stellar structure ......... ... ... ... ... ... L. 154
Properties of stellar matter ............ ... ... o il 155
The equation of state .......... A 155
Functions V4 and CP e e 159
Stellar OPaCIties . .. ..o vttt ettt e 159
Nuclear burning phasesinstars .................. .. ... . ... ... 181
Hydrogenburning ...... ... ... i i 181
Heliumburning ....... ... i i 185
Carbonburning....... ... ... 186
Advanced burning phases and nuclear statistical equilibrium ............. 186
Screening factors. ....... ... .. 187
Neutrinolossrates . ....... ...ttt 187
Network for thermonuclear reactions ................................. -
Model computations. ... ....out i e 188
Main-sequence SEArs . ........... i 188
Evolved stars ... ... e 190
Stars with special properties. .. .......... ..ot 193
Low- and intermediate massstars ............. ... ..o ... -
Massive Stars . .. ... -
The progenitor of SN 1987A ... ... ... . . it -
Late evolutionary phases . ...t -
Binarystars .......... . -
Orbital elements: their variation due to mass exchange................... -

Model computations for low- and intermediate-mass close binaries . ... .... -

51
51
51
51
52
52
52
55
55
55
55
55
56
56
57
58
58
58
58
59
59
60
60

61

62

62
64
64

74
75
76
80
82
82
86
87
89
89

90
94
97
98
102
103
107



4.4.3.8.3
4.4.3.8.4
4.4.3.8.5
4.4.3.8.6
4.4.3.8.7
4.4.3.8.8

5.1
5.1.0
5.1.1
5.1.1.1
5.1.1.2
5.1.1.3

5.1.2
5.1.2.0
5.1.2.0.1
5.1.2.0.2
5.1.2.1
5.1.2.1.1
5.1.2.1.2
5.1.2.1.3
5.1.2.2
5.1.2.3

5.1.2.4
5.1.2.5
5.1.2.6
5.1.2.7
5.1.2.8
5.1.2.9
5.1.2.10

5.1.2.11
5.1.2.12

5.1.3
5.1.3.1

5.1.3.2
5.1.3.3
5.1.34
5.1.3.5
5.1.3.6
5.1.3.7

5.14
5.14.1
5.14.1.1
5.1.4.1.2
5.1.4.1.3

Contents

O-type binaries and Wolf-Rayet binaries . .............................. -
Final stages of close binary evolution -

Model computations for massive close binaries -

The origin of low-mass X-ray binaries (LMXRB) ....................... -
Origin and evolution of massive X-ray binaries (MXRB) ................. -
Final evolution of massive X-ray binaries .............................. -
Referencesfor4.4 ...... .. .. ... .. ... ... ...

Special types of stars

Variable stars (H.W. DUERBECK, W.C. SEITTER) . .........oovrrrnnnnn... 197
Abbreviations and notations . ............. ... ... L 197
Definitions and general remarks...................................... 198
General catalogues and bibliographies................................. 198
Monographs ........ ... 198
Notation and classification ................... ... ... ... ... ... ...... 198
References for 5.1.1. ... ... .. . i
Pulsating variables .......... ... . ... ...
Generalities . ....... ... .. .
Radial and nonradial stellar pulsations ................................
Fourier decomposition technique................ ... ... ... ... ... ...
Cepheids — CEP ... ... e
Classical Cepheids = DCEP .............c.oiiiiiiiiiiiiiiiin..,
W Virginis stars-CW ......... e e
BL Bootis stars (Anomalous Cepheids) -BLBOO .......................
RRLyraestars—=RR ....... ... . . .
SX Phoenicis stars (Dwarf Cepheids) -SXPHE ..........................

SScutistars - DSCT . ..ottt

Semiregular variables - SR ......... ... ... ... . ool
Slow irregular variablesstars —L ............. ... ... i ...
83 Cephei stars (£ Canis Majoris stars) -BCEP ..........................
PV Telescopii variables —-PVTEL ...................oiiiiiiiieaann...

o Cygnivariables —ACYG ... ... ..
ZZ Cetistars —ZZ ... ...
References for 5.1.2. ... i
Rotatingvariables . ........... .. ... ... ..
SX Arietis variables (helium variables) - SXARI.......... ... ............

o Canum Venaticorum variables - ACV...............................
Ellipsoidal variables — ELL............oiiniiiiteiiiie it
Reflection variables - R .. ... ... ... i
FK Comae variables —FKCOM ........ ...ttt
BY Draconis variables-BY . ... ... ... ...
Pulsars — PSR . ... i e
References for 5.1.3. . ... ittt e
Supernovae and cataclysmic variables ............... ... ... ...
Supernovae — SN ... ...
TypeISupernovae-SNI.................. FA P
TypeIl Supernovae - SNII ...... ... ... ... . i
SN 1087 A e

110
113
114
115
116
119
120

127
127
128
128
128
128
131
132
132
132
134
134
134
137
138
139
141

142
144
145
147
149
149
151

151
152
154
158
158

158
158
159
159
160
161
161
162
162
164
165
166



XII

5.1.4.2
5.1.4.3
5.1.4.4
5.1.4.5
5.1.4.6

5.1.5
5.1.5.1
5.1.5.2

5.1.5.3
5.1.5.4
5.1.5.5
5.1.5.6
5.1.5.7
5.1.5.8
5.1.5.9

5.2

5.3
5.3.1
5.3.2
5.3.3
53.4
5.3.4.1
5.3.4.2
5.3.5
5.3.6

5.4
5.4.1
54.2
54.3
5.4.4
5.4.5
5.4.6
5.4.7
5.4.8
5.4.9
5.4.10
5.4.11
5.4.12
5.4.13
5.4.14
5.4.15
5.4.16

Contents

NOVAE — N i e i e et e e i e e e e e
Novalike variables (nonmagnetic systems) - NL ........................
AM Herculis stars (magnetic systems, polars) =AM .....................
U Geminorum stars (dwarfnovae) - UG ........... ...,
Z Andromedae stars (symbiotic stars) = ZAND .........................
References for 5.1, 4. ..o ittt e e e
Eruptive variables .. ......... ... .. ...
S Doradus variables (Hubble-Sandage variables) - SDOR.................
Wolf-Rayet variables - WR ... ... .. ... ... ... ... il

v Cassiopeiae variables - GCAS.......... .. . ... .. . il
Variable Bestars —BE . ... ... .. . i
R Coronae Borealisstars —RCB .. ........ ..ottt
RS Canum Venaticorumstars—-RS..................... e e
UV Cetistars (flarestars) - UV . .. .. . i i
FU Orionis variables - FU ... ... ... i i
Irregularvariables - I......... . ... i
References for 5.1.5. .. oottt e

Peculiar stars (W.C. SEITTER, HHW. DUERBECK) ........couveruuneeennnn.

Protostars, pre-main sequence objects (I. APPENZELLER) .................
DefinItIoNS . . .\ o et
Listof symbols ©. . ...
Distribution of protostars and pre-main sequence (PMS) objects ..........
Low-mass protostarsand PMSstars . ...
Evolutionary tracks . ..... ... i
T TaUIT SEALS ..o
MasSive ProtOSTarS . ... .....uttin ettt e
Other very young objects related to the final stages of star formation or

very early stellarevolution. ........... ... ... .. ..o
References for5.3 ... ooriieii i e

Planetary nebulae (L.H.ALLER) ..............ooiiiiniiniiiineennenn.
Introduction ... ......utett ettt e
Catalogues of planetarynebulae ................. ... ...l
Distances of planetarynebulae ............... ... ...l
Use of planetary nebulae to determine distances of galaxies ...............
Basic physical processes in gaseousnebulae ............ .. .. .. ...
Basicatomicdata ............ ..
Moleculesand dust grains . ........ ..o
Morphologies and structures of planetary nebulae.......................
Theoretical models of nebular structure and evolution ...................
Classifications of planetarynebulae . ................. .. ... ... ... ..
Chemical compositions of planetary nebulae ...........................
Magellanic Clouds and other galaxies ............................oo..
The transitional stage, AGBtoPN ......... e e
Binary stars and planetarynebulae. ...l
Central stars of planetary nebulae (PNN) .............................
Tables of somebasicdata ............ ... ... . ...
References for 5.4 . ... uuuee et e

169
173
174
175
177
179
183
183
184

185
185
186
187
188
190
191
193

V1/3c

196
196

196
197
197
197
199

199
200

204
204
204
205
205
206
206
207
207
208
208
208
209
209
210
210
211
215



5.5
5.5.1
5.5.2
5.5.3
5.5.3.1
5.5.3.2
5.5.3.3

5.5.4
55.5
5.5.6
5.5.7
5.5.8

5.6

5.6.1
5.6.2

5.6.3
5.6.3.1
5.6.3.1.1
5.6.3.1.2
5.6.3.1.2.1
5.6.3.1.2.2
5.6.3.1.3
5.6.3.2
5.6.3.3

5.6.4

5.6.4.1
5.6.4.2
5.6.4.3

5.6.5

5.7
5.7.1
5.7.1.1
5.7.1.2
5.7.1.3

5.7.2
5.7.2.1

5.7.2.2

Contents

White dwarfs (WD) (V. WEIDEMANN)
L
Luminosity function, space density
Spectral types . ...... ... ...
Spectral classification........... ... ... .. ..
Magneticwhitedwarfs ........ .. ... ...
Variable DA (or ZZ Ceti) stars and other pulsating white dwarfs.

Asteroseismology . ... ... e
Catalogues, observation lists

Atmospheres, HRdiagram ............ ... ... ... ... ... . ... ...,
Radil, Masses . . ..ottt ittt e e e
Interior, envelopes .. ... ... ...
Evolution, age .. ....oouunmii
References for 5.5 . ... ... i .
Compact objects ............. e e e e VI/2c:
Neutron stars (M. GREWING) . .... ..ot VI/2c:
Radiopulsars (M. GREWING) .........coiuiiiininenianneenna.. VI/2c:
Pulsating X-ray sources (J. TROUMPER, H.H.FINK) ................. VI/2c:
General properties ........ ... ... .. .. ... VI/2c:
Periodic pulsationsin HMXB ........... .. ... ... ... ...
Quasi-periodic oscillations (QPO) and noise in LMXB .............
ZASOULCES - . e vttt et e et et e e e e e e e

AtOll SOUICES .. oo vttt e

X-ray emission of radiopulsars ............ ... .. .. Lol
Determination of binary-system parameters . ..................... VI/2c:
Neutron star properties as derived from observations of pulsating

XAy SOUTCES .. .o oo e VI/2c:
References for 5.6.3. . ...t iee et

X-ray bursters (J. TRUMPER, HH.FINK) ......................... V1/2c:
General properties ........ .. ..
Mass-radius relation of neutronstars............... ... ........
TheRapid Burster........... ..o,
References for5.6.4. ... ... ittt

Black holes (J. TROMPER, H.-H. FINK) . ......0vieniniriennaenn . VI/2c:
References for5.6.5. ... ..o ittt

X-ray and y-ray sources (H.H.FINK,]J. TRUMPER) ................. VI/2c:
KTy SOUFCES . . oo vt e e ettt ettt V1/2c:
OVEIVIEW . .\ ittt it e et ettt e VI/2c:
SKY SUIVEYS oot e VI/2c:
X-ray emission Processes .. ..........ooeeiiieniienieeieoaaan VI/2c:
Y-LAY SOUICES . .. ieeeeiiaeeenennnns e VI/2¢:
Overview ........ e e e e VI/2c:
y-radiation processes. ........ e e e e VI/2c:
References for 5.7 ... oiun e

6 Double stars and star clusters

6.1
6.1.0

Double stars (T.HERCZEG) . ......ittrimteriie i
General TemMarks . . ... oo ittt e e

32

33
33
33
36
36

40
40

42

XIII

219

219
219
219

220
220
220
221
221
221
221

223
V1/3c
V1/3¢

223

223

223

228

228

231

233

235
238
238
242
244
246
251
254

257
257
257
258

258
258

261

263
263



X1V

6.1.0.1
6.1.0.2
6.1.0.3
6.1.0.4

6.1.1

6.1.1.1
6.1.1.2
6.1.1.3

6.1.2

6.1.2.1
6.1.2.2
6.1.2.3
6.1.2.4
6.1.2.5
6.1.2.6
6.1.2.7
6.1.2.8
6.1.2.9

6.1.3
6.1.3.1
6.1.3.1.1
6.1.3.1.2
6.1.3.1.2.1
6.1.3.1.2.2
6.1.3.1.2.3
6.1.3.1.2.4
6.1.3.1.3
6.1.3.1.4
6.1.3.2
16.1.3.2.1
6.1.3.2.2
6.1.3.2.3
6.1.3.2.4
6.1.3.2.5
6.1.3.2.6
6.1.3.3

6.2
6.2.1
6.2.1.1
6.2.1.2
6.2.1.3
6.2.1.4
6.2.1.5
6.2.2
6.2.2.1
6.2.2.2

Contents

References for 6.1.0. . ... . ..o i
Visual (wide) binaries ............. . . 387
Catalogues and collectionsof data ....................................
Space astrometry of double stars ........... ... ... ... L.
New observational techniques........................................
References for 6.1.1. ... .o i
Closebinaries ..... ... ...
Catalogues .. ... ... .. i
New techniques . ... ...oooun ettt
Orbital perturbations, apsidal motion .................................
Tidal evolution in close binaries ......................................

Atmospheric eclipes: Zeta Aurigaetypestars ...........................
Symbioticstars .. ...
RS Canum Venaticorumstars ............... ...,
Mass exchange. The Algol problem and its essential solution . .............
References for 6.1.2. ... .. ..ot
Systems with compactobjects .......... ... ... ...l
X-raybinaries ...... ..
Introduction and catalogues ............ ... ... ..ol
Classifation of binary X-raysources . .............c..iueviiennnn..... :
High-mass X-ray binaries (HMXB) ........... ... ...
Low-mass X-ray binaries (LMXB) .........cooiiiiiiiiiiiiinninn...
Super-soft Sources ............ i ..
Variable sources: transients and bursters ................. ... ... ......
Neutron star masses based on X-raybinaries ...........................
Binary systems with possible black hole components (stellar black holes) ...
Binaryradiopulsars ....... ... ...
Introduction ....... ... ... .
Binary pulsars in globular clusters .................. ... . ... ...
Binary pulsars as probes of General Relativity ..........................
Neutron star masses from radio pulsars .................. e
Millisecond pulsars........................... e e
Secondaries in binary pulsarsystems . ........... ... .. ... ...
Binary evolution leading to compactobjets.............................
References for 6.1.3. ... ... ... i i

Star clusters and associations (W. SEGGEWISS, T. RICHTLER) ............ .. 420
Galactic globular clusters. ....... .. ... . . 420
Structure and dynamics of globular clusters . ...........................
Chemical abundances and relation to galactic structure ..................
Colour-magnitude diagrams and relation to stellar evolution..............
Stellar content of globular clusters .......... ... ... ... . L.
Interstellar matter in globularclusters............... ... ... ... . ....
Galacticopen clusters. .......... i 432
Formation and dynamics of openclusters..............................
Galactic structure, abundancesandages ............. ... ... ... ... ...

263
264
264
265
267
269
269
269
270
271
272
273
273
276
277
277
278
279
279
279
280
282
282
282
284
284
284
286
286
287
288
289
289
291
291
292
293
295
296
299

303
303
304
305
306
309
309
309
309
310



6.2.2.3
6.2.3

6.2.4
6.2.4.1
6.2.4.2
6.2.4.2.1
6.2.4.2.2
6.2.4.2.2.1
6.2.4.2.2.2
6.2.4.2.2.3
6.2.4.2.3

Stellar content of open clusters

Associations .. ..

Clusters in extragalactic systems
Open clusters in extragalactic systems
Globular clusters in extragalactic systems

Magellanic Clouds

Local Group galaxies

M3l............

Contents

Other Local Group galaxies .................oiiiiiiiiiiiinianann..
Galaxies outside the Local Group ...................... .. .cooiiiiinn.

References for 6.2

311
311
312
312
312
312
315
315
315
316
316
317



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

