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More than 200 astrononlers attented IAU 96
which was tin1cd to coincide \vith the enlergence
ofrvlauna Kea Observatory as a major infrared
facility. The topics covered at the conference
include: the infrared aspects of planetary
astrononlY \ of interstellar clouds and star
fonning regions, of galactic structure, and of
galaxies. Papers on n0f111al and evolved stars
and on instrurnentation \vere excluded frol11
the 111ai11 sessions.
This vohllne contains 21 revie\v papers. the
discussions \vhic11 follo\ved the revie\vs. and
a record of the t\\'o special sessiuns on infrared
astronOITlY froI11 spJce and the future of air
b0111e astronoIny. The final revie\v paper in
the volume is autbored by 1\'1alc01111 Longajr
who expresses the opinion that IAli 96 \vill
be the last n1ajor IAU conference on infrared
astron0I11Y. Be that as it ll1ay, this volume
constitu tes the most up-to-date information
on the subject and \vi11 have lasting value
to all astronOlners.

I). REII)EL PUBLISHINCJ C~()lvlPl\NY

DO R J) RI: C H T Ii () L L :\ !\ f) / B0 STON : L. S.,\ .

LONDUN: ENGLAND

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355


I N F R A R E D A S T R O N O M Y 

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355


I N T E R N A T I O N A L A S T R O N O M I C A L U N I O N 

U N I O N A S T R O N O M I Q U E I N T E R N A T I O N A L E 

SYMPOSIUM No. 96 
H E L D IN K O N A , H A W A I I , J U N E 2 3 - 2 7 , 1 9 8 0 

INFRARED ASTRONOMY 

E D I T E D BY 

C. G. W Y N N - W I L L I A M S 

and 

D . P . C R U I K S H A N K 
Institute for Astronomy, University of Hawaii 

With the Assistance of 
Deborah Weiner 

D . R E I D E L P U B L I S H I N G C O M P A N Y 

D O R D R E C H T : H O L L A N D / B O S T O N : U . S . A . / L O N D O N : E N G L A N D 

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355


Library of Congress Cataloging in Publication Data 

Main entry under title: 

Infrared astronomy. 

(Symposium - International Astronomical Union ; no . 96) 
'Co-sponsored by IAU Commissions, 16, 28 , and 34 . ' 
1. Infra-red astronomy-Congresses. I. Wynn-Williams, C. G. 

II. Cruikshank, Dale P. III. Weiner, Deborah. IV. International 
Astronomical Union. Commission 16. V. International Astronomical Union. 
Commission 28. VI. International Astronomical Union. Commission 34 . • 
VII. Series: International Astronomical Union. Symposium ;no . 96 . 
QB470.A1I52 5 2 3 . 0 1 ' 5 0 1 2 8 0 - 2 7 3 5 3 
ISBN 9 0 - 2 7 7 - 1 2 2 7 - 1 
ISBN 9 0 - 2 7 7 - 1 2 2 8 - X (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© 1981 by the International Astronomical Union 

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

190 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 

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355


TABLE OF CONTENTS 

DEDICATION v 

PREFACE xv 

THE COMPOSITION OF PLANETARY ATMOSPHERES 1 
Th. Encrenaz and M. Combes 

I. Introduction 3 
II. The Astrophysical Objectives 5 

III. Detection of Molecules 8 
IV. Determination of the Thermal Profile 14 
V. Atmospheric Composition and Abundance Ratios 16 

A. Venus and Mars 16 
B. The Giant Planets and Their Satellites 17 

a. The case of homogeneously mixed components 19 
b. The case of nonuniformly mixed components 23 

VI. Perspectives and Conclusions 26 

DISCUSSION FOLLOWING PAPER DELIVERED BY TH. ENCRENAZ 33 

ATMOSPHERIC STRUCTURE OF THE OUTER PLANETS FROM 
THERMAL EMISSION DATA 35 

Glenn S. Orton 

1. Introduction 35 
2. Techniques 36 
3. Application 37 
4. Results 43 

Jupiter 43 
Saturn 45 
Uranus and Neptune 48 

5. Closing Remarks 53 

DISCUSSION FOLLOWING PAPER DELIVERED BY G. S. ORTON 55 

SPECTROPHOTOMETRIC REMOTE SENSING OF PLANETS AND SATELLITES 57 
Thomas B. McCord and Dale P. Cruikshank 

1. Introduction 57 
2. The Moon and Terrestrial Planets 58 

Mercury 58 
The Moon 62 
Mars 66 

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355


viii TABLE OF CONTENTS 

3. Distant, Unresolved Objects 71 
Asteroids 72 
The Galilean Satellites 72 
The Small Satellites of Jupiter 77 
The Rings and Satellites of Saturn 79 
The Satellites and Rings of Uranus 81 
Triton and Pluto 82 

DISCUSSION FOLLOWING PAPER DELIVERED BY T. B. McCORD 87 

THERMAL STUDIES OF PLANETARY SURFACES 89 
David Morrison 

I. Introduction 89 
II. Internal Heat Sources of the Jovian Planets 90 

III. Thermophysics of Planetary Surfaces 93 
IV. Diameters and Albedos, of Minor Planets and Satellites 97 
V. Volcanic Activity on Io 99 

VI. Conclusions 102 

DISCUSSION FOLLOWING PAPER DELIVERED BY D. MORRISON 105 

INFRARED SOURCES IN DENSE MOLECULAR CLOUDS 107 
Neal J. Evans II 

I. A Short History of Molecular Clouds 107 
II. Classifaction of Molecular Clouds 109 

III. Location of Star Formation in Molecular Clouds 110 
IV. Properties of Infrared Sources 112 

A. Size 112 
B. Energy Distribution and Luminosity 113 
C. Spectral Features 114 
D. Evolutionary State 115 

V. Energetics 116 
VI. Future Prospects 118 

DISCUSSION FOLLOWING PAPER DELIVERED BY N. J. EVANS 121 

GLOBULES, DARK CLOUDS, AND LOW MASS PRE-MAIN SEQUENCE STARS 125 
A. R. Hyland 

1. Globules 125 
1.1 Description and Methods of Study 126 
1.2 Derived Globule Parameters 129 
1.3 An Infrared Role in the Study of Globules 130 

1.3.1 Near infrared studies 130 
1.3.2 Far infrared observations 132 

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355


TABLE OF CONTENTS ix 

2. Dark Cloud Regions of Low Mass Star Formation 133 
2.1 Introduction 133 
2.2 Near Infrared Surveys of Dark Cloud Regions 

2.2.1 Historical background 134 
2.2.2 Taurus, Ophiuchus, and the background 

sources at 2 urn 134 
2.2.3 Studies of the Chamaeleon dark cloud complex 137 

2.3 Spatial Clustering and Triggering Mechanisms 
in Low Mass Star Formation Regions 140 

2.4 Reddening Law in Dark Cloud Regions 142 
3. The Infrared Characteristics of PMS Sources 143 

3.1 Nature of Near IR Continua 143 
3.2 Far Infrared Observations 144 
3.3 Inftared Spectroscopy 146 
3.4 Age and Evolutionary Status of PMS Objects 147 

4. Conclusion 148 

DISCUSSION FOLLOWING PAPER PRESENTED BY A. R. HYLAND 151 

INFRARED SPECTROSCOPY OF PROTOSTELLAR OBJECTS 153 
Rodger I. Thompson 

A. Introduction 153 
B. Forbidden Line Observations 154 
C. Continuum and Broad Unidentified Features 155 
D. Molecular Absorption and Emission Lines 155 
E. Recombination Line Infrared Spectra 156 
F. Excess Line Fluxes in Intermediate Luminosity Objects 159 
G. IR Spectroscopic Surveys 161 

DISCUSSION FOLLOWING PAPER DELIVERED BY R. I. THOMPSON 165 

THE IMPLICATIONS OF MOLECULAR HYDROGEN EMISSION 167 
Steven Beckwith 

1. Introduction 167 
2. The Orion Molecular Cloud 169 
3. Sources of Molecular Hydrogen Emission 171 
4. Future Work 174 

DISCUSSION FOLLOWING PAPER DELIVERED BY S. BECKWITH 177 

CONTINUUM OBSERVATIONS OF THE INFRARED SOURCES 
IN THE ORION MOLECULAR CLOUD 179 

G. L. Grasdalen, R. D. Gehrz, and J. A. Hackwell 

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355


X TABLE OF CONTENTS 

SPECTROSCOPY OF THE ORION MOLECULAR CLOUD CORE 187 
N. Z. Scoville 

I. Introduction 188 
II. The Orion Giant Molecular Cloud 188 

III. The Orion Cloud Core 190 
a. Radio Frequency Lines 190 
b. Infrared Lines of H 2 and CO 192 

IV. Spectroscopy of BN 198 
V. Conclusions 201 

DISCUSSION FOLLOWING PAPERS ON THE ORION MOLECULAR CLOUD 204 

SPECTROPHOTOMETRY OF DUST 207 
D. K. Aitken 

I. Introduction 207 
II. Individual Features 207 

A. The 9.7um Feature 207 
B. The llym Broad Feature 208 
C. Phenomenology of the Oxygen-Rich and 

Carbon-Rich Features 209 
D. The 3.07pm Absorption Feature 211 

III. Other Emission Features 212 
A. Infrared Fluorescence 215 
B. UV Heating of Very Small Grains 216 

IV. Other Absorption Features 216 

DISCUSSION FOLLOWING PAPER PRESENTED BY D. K. AITKEN 221 

POLARIMETRY OF INFRARED SOURCES 223 
H. M. Dyck and Carol J. Lonsdale 

1. Introduction 223 
2. The Polarization Properties of BN and GL 2591 224 
3. General Properties of the Entire Sample of Molecular 

Cloud Sources 229 
a. Polarization Versus Optical Depth 229 
b. The Relationship Between Interstellar and 

Molecular Cloud Polarization 229 
c. The Circular Polarization 230 

4. Discussion 231 

DISCUSSION FOLLOWING PAPER DELIVERED BY H. M. DYCK 234 

EMISSION LINE OBSERVATIONS OF H II REGIONS 237 
J. H. Lacy 

I. Introduction 237 
II. Observations 237 

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355


TABLE OF CONTENTS 

THE LARGE SCALE INFRARED EMISSION 
IN THE GALACTIC PLANE—OBSERVATIONS 

H. Okuda 
I. Introduction 247 

II. Survey of the Infrared Surveys 247 
III. General Features of the Results 248 

1. Near Infrared Distribution 248 
2. Far Infrared Distribution 253 

IV. A Brief Sketch of the Inner Galaxy 256 
1. The Galactic Central Region 256 
2. The 5 kpc Complex 256 

DISCUSSION FOLLOWING PAPER PRESENTED BY H. OKUDA 260 

INTERPRETATION OF THE LARGE-SCALE EMISSION 
FROM THE GALACTIC PLANE 261 

S. Drapatz 
I. Introduction 261 

II. Modelling of the Large-Scale Emission 262 
1. Near-Infrared (NIR) and Middle-Infrared (MIR) 

Diffuse Emission 262 
2. Far-Infrared (FIR) Diffuse Emission 265 

III. Implications for Galactic Evolution 269 
1. Old Disk Population 270 
2. Population I Excess 270 

DISCUSSION FOLLOWING PAPER DELIVERED BY S. DRAPATZ 273 

INFRARED STUDIES OF STAR-FORMING REGIONS - SUMMARY 275 
B. Zuckerman 

THE GALACTIC CENTER 281 
Ian Gatley and E. E. Becklin 

I. Introduction 281 

III. Probes of Nebular Conditions 
A. Density 239 
B. Excitation 239 
C. Elemental Abundances 240 
D. Motion and Distribution 240 
E. Uncertainties 241 

IV. Abundance and Ionization Gradients 241 

DISCUSSION FOLLOWING PAPER DELIVERED BY J. H. LACY 245 

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355


xii TABLE OF CONTENTS 

II. The Region 1 < R < 200 Parsecs 282 
a. Near Infrared Observations 282 
b. Radio Continuum Observations 282 
c. Molecular Line Observations 284 
d. Far Infrared Observations 285 
e. Star Formation and Molecular Clouds 287 

III. The Central Parsec 287 
a. The Nell Line Observations 287 
b. The Far Infrared Observations 289 
c. The Excitation of the Plasma Clumps 290 

DISCUSSION FOLLOWING PAPER DELIVERED BY I. GATLEY 294 

INFRARED STUDIES OF THE STELLAR CONTENT IN EXTRAGALACTIC SYSTEMS 297 
Marc Aaronson 

I. Introduction 297 
II. Stars 298 

Ila. Relevant Galactic Work 298 
lib. Stars in Nearby Galaxies 299 

III. Star Clusters 302 
IV. Galaxies 303 

IVa. Early-Type Galaxies 303 
IVb. Spiral Galaxies 309 

DISCUSSION FOLLOWING PAPER DELIVERED BY M. AARONSON 315 

RAPID STAR FORMATION IN GALACTIC NUCLEI 317 
G. H. Rieke 

DISCUSSION FOLLOWING PAPER DELIVERED BY G. H. RIEKE 325 

THE INFRARED PROPERTIES OF ACTIVE EXTRAGALACTIC NUCLEI 329 
B. T. Soifer and G. Neugebauer 

Introduction 329 
Observational Data 329 
Discussion 336 

DISCUSSION FOLLOWING PAPER DELIVERED BY B. T. SOIFER 348 

AN OUTSIDER'S VIEW OF EXTRAGALACTIC INFRARED ASTRONOMY 351 
M. S. Longair 

1. Introduction 351 
2. Our Own Galaxy 352 
3. Active Galactic Nuclei 354 
4. Classical Cosmology 356 
5. Physical Cosmology 358 
6. Future Prospects 359 

DISCUSSION FOLLOWING PAPER DELIVERED BY M. S. LONGAIR 360 

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355


TABLE OF CONTENTS xiii 

LIST OF PARTICIPANTS 361 

LIST OF CONTRIBUTED PAPERS 367 

INDEX 375 

https://doi.org/10.1017/S0074180900075355 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900075355



