Juha Heinonen

Lectures on
Analysis on
Metric Spaces

@ Springer



Juha Heinonen
Mathematics Department
East Hall

University of Michigan
Ann Arbor, MI 48109-1109

USA

Editorial Board

(North America):

S. Axler F.W. Gehring

Mathematics Department Mathematics Department

San Francisco State University East Hall

San Francisco, CA 94132 University of Michigan

USA Ann Arbor, MI 48109-1109
USA

K.A. Ribet

Mathematics Department
University of California at Berkeley
Berkeley, CA 94720-3840

USA

Mathematics Subject Classification (2000): 28 Axx, 43A85, 46Exx

Library of Congress Cataloging-in-Publication Data
Heinonen, Juha.

Lectures on analysis on metric spaces / Juha Heinonen.

p. cm — (Universitext)

Includes bibliographical references and index.

ISBN 978-1-4612-6525-2 ISBN 978-1-4613-0131-8 (eBook)

DOI 10.1007/978-1-4613-0131-8

1. Metric spaces. 2. Mathematical analysis. I. Title. II. Series.

QA611.28.H44 2001
514’.32—dc21 00-056266

Printed on acid-free paper.

© 2001 Springer Science+Business Media New York
Originally published by Springer-Verlag New York, Inc in 2001

Softcover reprint of the hardcover 1st edition 2001

All rights reserved. This work may not be translated or copied in whole or in part without
the written permission of the publisher (Springer Science+Business Media, LLC), except
for brief excerpts in connection with reviews or scholarly analysis. Use in connection
with any form of information storage and retrieval, electronic adaptation, computer
software, or by similar or dissimilar methodology now known or hereafter developed is
forbidden.The use of general descriptive names, trade names, trademarks, etc., in this
publication, even if the former are not especially identified, is not to be taken as a sign
that such names, as understood by the Trade Marks and Merchandise Marks Act, may
accordingly be used freely by anyone.

Production managed by Michael Koy; manufacturing supervised by Jerome Basma.
Typeset by TechBooks, Fairfax, VA.

987654321

ISBN 978-1-4612-6525-2



Contents

Preface vii
1. CoveringTheorems . . . . . . ... ... ... .. ... ........ 1
2. Maximal Functions . . . .. .. ... ... .. .. ...... .. .. 10
3. SobolevSpaces . .. .. ... .. .. ... ... . . 14
4. Poincaré Inequality . . . . .. ... ... . ... ... ... L. 27
5. Sobolev Spaces on Metric Spaces . . . .. . ... ... ... .. .. 34
6. Lipschitz Functions . . . . . . . ... ... ... ... ... ..., 43
7. Modulus of a Curve Family, Capacity, and

Upper Gradients . . . . ... ... ... ... ... ... ...... 49
8. LoewnerSpaces . .. .............. .. ... . ... ... 59
9. Loewner Spaces and Poincaré Inequalities . . . . ... ... ... 68

10. Quasisymmetric Maps: Basic Theoryl . .. ... ... ... ... 78

11. Quasisymmetric Maps: Basic TheoryII . . . . ... ... ... .. 88

12.  Quasisymmetric Embeddings of Metric Spaces

in EuclideanSpace . . . .. ... .. ... ... ... ........ 98

13. Existence of Doubling Measures . . . .. ... ........... 103



X Contents

14. Doubling Measures and QuasisymmetricMaps. . . . . ... ... 109
15. Conformal Gauges . . ... ... ................... 119
References 127

Index 137





