


PREFACE

CHAPTER 1I:

CHAPTER II:

CHAPTER III:

CONTENTS

HISTORY, MORPHOLOGY AND EVOLUTION

A Historical Review

DISTRIBUTION OF PLANETARY NEBULAE IN THE GALAXY

A. Methods of discovering planetary nebulae
B. Distribution in galactic coordinates
B.l. Galactic longitude distribution
B.2. Galactic latitude distribution
C. Radial velocities of the nebulae
D. Extragalactic planetary nebulae
D.l. Discovery of extragalactic
planetary nebulae
D.2. Distribution of extragalactic
planetary nebulae
D.3. Luminosity function of planetary nebulae

INTERPRETATION OF EMISSION LINES AND
NEBULAR ABUNDANCES

A. Recombination lines

A.l. Hydrogen line formation in the

low density limit
.2. Hydrogen line formation at finite densities
.3. Ionization by diffuse Lyman continuum photons
.4. Self-absorption in the hydrogen spectrum

A.5. Helium
B. Collisionally excited lines
C. Line formation in heavier elements

by other processes

C.l. Dielectronic recombination

C.2. Other recombination processes

C.3. OIII Bowen resonance-fluorescence
D. Nebular models
E. Abundances in planetary nebulae

E.1l. Helium
E.2. Oxygen
E.3. Nitrogen
E.4. Carbon
E.5
E.6
E.7

> > >

. Neon, Argon and Sulfur

. Abundance variations with galactic latitude

. Variation of nebular abundance with
position in the nebula

v

ix

19

19
22
22
24
26
32

32

33
34

38

38

38
40
41
42
44
46

53
53
55
55
57
60
64
64
64
64
65
66

68



vi CONTENTS

CHAPTER IV: NEBULAR CONTINUUM EMISSION 71
A. Sources of continuum emission 71
A.l. Hydrogen free-bound and free-free emission 71
A.2. Helium continuum emission 73
A.3. Hydrogen two—quantum emission 74
A.4. Helium two-quantum emission 78
B. Comparison of theory with observations 79
C. Separation of continuum radiation from the
nebula and the exciting star 82
C.l. The visual continuum 83
C.2. The ultraviolet continuum 85
D. Radio continuum radiation 86
D.1. Constant density nebula 88
D.2. Nebulae with varying density 90
E. Comparison of radio continuum with hydrogen
line emission 92
CHAPTER V: DISTANCE TO THE NEBULAE 95
A. Extinction 95
B. Distances to individual nebulae 100
C. Mass of the nebula 111
C.l. Nearby nebulae 111
C.2. Galactic center nebulae 112
C.3. Discussion of the nebular mass variation 112
D. Statistical methods for determining distances 114
D.1. 'Shklovskii' method 114
D.2. Modified 'Shklovskii' method 115
D.3. Proper motions 115
E. Absolute nebular flux 117

F. The space density of nearby nebulae and their
distribution with height above the galactic plane 119

CHAPTER VI: MORPHOLOGY, EXPANSION AND MASS LOSS 123
A. Morphology: measurements 123
B. Nebular expansion 128
C. Morphology: models and classification 132
D. Morphology: 'halo' structures 136
E. Morphology: four individual cases 140
F. Mass loss from the central star:
ultraviolet lines 143

G. Other evidence for mass loss: visual lines 150



CONTENTS

CHAPTER VII: THE TEMPERATURE OF THE CENTRAL STARS

CHAPTER VIII:

CHAPTER IX:

A. The line spectra
B. The continuous spectrum of the central star
C. Model atmospheres
D. 'Zanstra' temperatures
D.1. The Zanstra hydrogen temperature
D.2. The Zanstra ionized helium temperature
D.3. Discussion of nebulae consisting of
hydrogen and helium
D.4. Resultant temperatures and discussion
E. 'Stoy' temperatures
F. Temperatures derived from nebular ionization
equilibrium

INFRARED AND MILLIMETER RADIATION

A. Infrared continuous emission

B. Interpretation as dust emission

C. Energy input to the dust

D. Consequences for the central star temperature
determination

E. Broad and narrow infrared emission features

F. Molecular hydrogen

G. Carbon monoxide emission

EVOLUTION OF THE CENTRAL STAR

A. Observational evidence
A.1. The H-R diagram
A.2. White dwarfs
B. Theoretical models
B.1. Review of the early evolution
B.2. Uncertainty in early evolution
B.3. Enrichment of helium, nitrogen and carbon
B.4. Evolution after nebular formation
C. Comparison of theory and observation
C.l. The H-R diagram and central star mass
C.2. The ages of the nebulae and the position
of the star on the H-R diagram
C.3. Changes in chemical composition in the
atmosphere

154

154
159
161
166
168
171

173
174
179

184

192

192
197
202

204
206
209
212

215

215
215
221
224
224
228
229
231
233
233

234

235



viii

CHAPTER X:

CHAPTER XI:

APPENDIX I:

APPENDIX II:

SUBJECT INDEX
AUTHOR INDEX

EVOLUTION FROM RED GIANT TO PLANETARY NEBULA

A.
B.

The cool giants

The Mira variables

B.l. Light curves, periods, absolute
magnitudes and mass loss

B.2. Spatial distribution, kinematics
and local space density of Miras

B.3. Mass loss

B.4. Mass of Mira variables and pulsation theory

The OH/IR masers

C.l. OH maser emission

C.2. Observed OH emission

C.3. Detection and kinematics of OH/IR
maser sources

C.4. The birthrate of OH/IR stars

C.5. The missing 1link?

Protoplanetary nebulae and symbiotic stars

D.1. V 1016 Cygni and HM Sge

D.2. CRL 618

D.3. CW Leo

D.4. Far infrared radiation from
protoplanetary nebulae

FG Sge and its nebula

. Discussion of the evolution

INFLUENCE OF PLANETARY NEBULAE ON THE
INTERSTELLAR MEDIUM

A.
B.
c.
D.
E.

The mass input

The dust input

Kinetic energy input

Element abundance changes

The far—ultraviolet radiation field

E.l. Absorption of radiation in the
interstellar medium

E.2. Radiation of optically thin planetary
nebulae and hot white dwarfs

E.3. Comparison with O stars

POSITIONS AND OTHER INFORMATION OF THE BRIGHTEST
PLANETARY NEBULAE AND THEIR CENTRAL STARS

INFRARED CONTINUUM FLUX FROM PLANETARY NEBULAE

INDEX OF INDIVIDUAL OBJECTS

CONTENTS
240

241
242

242

245
246
248
249
249
252

256
258
258
260
260
262
264

265
267
270

274

277
279
280
281
284

285

285
287

294

302

304

313
319






	page1
	page2
	page3
	page4
	page5
	page6

