(6]

R
L

T

i ) 3
SR AN

8, B i




135] 235 mstrTuT
FUR METEOROLOGIE U. KLIMATOL
UNIVERSITAT HANNOVER
HERRENHAUSER STR. 2 - 3000 HANNOVER 21

’i\ilz‘ 551. 5
§5), 51t
ss1. 313
ss1. 518

THEORY OF PLANETARY
ATMOSPHERES

An Introduction to Their Physics
and Chemistry

Joseph W. Chamberlain

Department of Space Science and Astronomy
Rice University
Houston, Texas

&

ACADEMIC PRESS New York San Francisco London 1978

A Subsidiary of Harcourt Brace Jovanovich, Publishers



CONTENTS

Preface
Acknowledgments

Chapter 1 Vertical Structure of an Atmosphere

Hydrostatic Equilibrium
Radiative Equilibrium
Convection in the Troposphere
1.4 Latitudinal Variations of the Tropopause
and Departures from Grayness
1.5 The Stratosphere: Absorption of Direct Solar
Radiation
1.6 The Mesopause: Vibrational Relaxation of CO,
1.7 lonization, Dissociation, and Heat Transfer
in the Thermosphere
1.8 Atmospheric Structure of Venus, Mars, and Jupiter
Bibliographical Notes
Problems

Chapter 2 Hydrodynamics of Atmospheres

2.1 Basic Equations

2.2 Horizontal Circulation of the Troposphere

2.3 Vertical Transport

2.4 Circulation of the Venus Atmosphere

2.5 Diurnal Winds on Mars

2.6 Convection in the Jovian Atmosphere
Bibliographical Notes
Problems

X1
xiii

16
24

28
35
40
44

46
50
63
64
68
70
74
77

Vil



viii

Chapter 3 Chemistry and Dynamics of Earth’s
Stratosphere

3.1 Principles of Photochemistry

3.2 Catalytic Destruction of Ozone

3.3 Stratospheric Motions
Bibliographical Notes
Problems

Chapter 4 Planetary Astronomy

4.1 Radiative Transfer in an Optically Thick Atmosphere
4.2 Spectroscopy
4.3 Photometry and Polarimetry

Bibliographical Notes

Problems

Chapter 5 Ionospheres

5.1 Formation of Ionospheric Regions
5.2 Radio Waves in an lonized Atmosphere
5.3 Tonospheres of Venus, Mars, and Jupiter
Bibliographical Notes
Problems

Chapter 6 Airglows and Aeronomy

6.1 Airglow Photometry
6.2 Resonant and Fluorescent Scattering of Sunlight
6.3 Day Airglows of the Planets
6.4 Aeronomy of the Planets
Bibliographical Notes
Problems

Chapter 7 Stability of Planetary Atmospheres

7.1 Quasi-Collisionless Exospheres

7.2 Collisions in Exospheres

7.3 Atmospheric Escape

7.4 Atmospheric Evolution and Climate
Bibliographical Notes
Problems

Appendix I A Table of Physical Constants
Appendix II  Planetary Characteristics

Appendix III A Model of Earth’s Atmosphere

Contents

79
&3
101
114
118

120
130
148
156
160

163
179
195
203
208

212
219
227
234
237
242

245
264
274
281
289
296

298

300

301



Contents
Appendix IV Planetary Spacecraft Missions

Appendix V  Supplementary Reading

Author Index
Subject Index

ix

306

309

311
317



