
Edwin Hewitt KennethA. Ross

Abstract Harmonic
Analysis

Volume I
Structureof TopologicalGroups
IntegrationTheory Group Representations

SecondEdition

Springer-Verlag
New York Berlin HeidelbergLondon Paris
Tokyo Hong Kong BarcelonaBudapest



Edwin Hewitt
Departmentof MathematicsON-50
University ofWashington
Seattle, WA 98195, USA

Kenneth A. Ross
Departmentof Mathematics
Universityof Oregon
Eugene, OR 97403, USA

MathematicsSubjectClassification(1991): 43A70, 22B05,22AI0, 43A15

Library of Congress Cataloging inPublicationData. Hewitt, Edwin, 1920-. Abstract
harmonic analysis. (GrundlehrendermathematischenWissenschaften; 115). Bibliography:
p. Includes indexes.
ISBN 0-387-94190-8
CONTENTS : v . I. Structureof topological groups,integrationtheory, group representa
tions. I. Harmonicanalysis. 1. Ross, Kenneth A., jointauthor.11. Title. 111. Series: Die
GrundlehrendermathematischenWissenschaften in Einzeldarstellungen; 115.
QA403.H4.1979. 515' .2433. 79-13097

Printedon acid-free paper.

© 1963, 1979 Springer-Verlag New York, Inc.
All rights reserved. This work may not betranslatedor copied in whole or in part without
the written permission of the publisher (Springer-VerlagNew York, Inc., 175Fifth Avenue,
New York, NY 10010, USA), except for brief excerpts in connection with reviews or
scholarly analysis. Use in connection with any form ofinformationstorage and retrieval,
electronicadaptation, computersoftware, or by similar or dissimilar methodology now
known orhereafterdeveloped isforbidden.
The use of general descriptive names, trade names,trademarks,etc., in this publication,
even if the former are not especiallyidentified,is not to betakenas a signthatsuch names,
as understoodby the Trade Marks and Merchandise Marks Act, may accordingly be used
freely by anyone.
Permission tophotocopyfor internal or personal use, or the internal or personal use of
specific clients, is granted by Springer-VerlagNew York, Inc., for libraries registered with
the Copyright Clearance Center (CCC), providedthatthe base fee of $5.00 per copy, plus
$0.20 per page is paid directly to CCC, 21 Congress Street, Salem, MA 01970, USA.
Special requests should be addressed directly to Springer-Verlag New York, Inc., 175Fifth
Avenue,New York, NY 10010,USA .
ISBN 0-387-94190-8/1994$5.00 + 0.20

Productionmanaged by Francine McNeill;manufacturingsupervised by Vincent Scelta.
Typeset by UniversitiitsdruckereiH .Stiirtz AG, Wiirzburg.
Printedand bound by Edwards Brothers, Inc., AnnArbor,MI.
Printedin the UnitedStates of America.

987654321

ISBN 0-387-94190-8 Springer-Verlag New York Berlin Heidelberg(softcover)
ISBN 3 -540-94190-8 Springer-Verlag Berlin Heidelberg New York (softcover)
ISBN 3-540-09434-2Springer-Verlag Berlin Heidelberg New York (hardcover)
ISBN 0-387-09434-2Springer-Verlag New York Berlin Heidelberg (hardcover)



Table of Contents
Page

Prefaces. . . . . . . . . V

Chapter One: Preliminaries 1
Section 1. Notationand terminology 1
Section 2. Group theory 3
Section 3. Topology . . . . . . . 9

ChapterTwo : Elementsof thetheoryof topological groups 15
Section 4. Basic definitions and facts. . . . . 16
Section 5. Subgroupsand quotientgroups . . . . . . 32
Section 6. Productgroups and projective limits . . . 52
Section 7. Properties of topologicalgroups involvin g connec tedness 60
Section 8. Invariantpseudo-metrics and separat ionax ioms 67
Section 9. Structure theory for compact and locally compact Ab elian

groups . . . . . . . . . . . . . . . . . 83
Section 10. Some special locally compactAb elian groups 106

Chapter Three: Integration on locally compactspaces. . . . 117
Section11. Extensionof a linear functionaland const ruc t ionof a measure 118
Sect ion 12. Thespaces2p(X) (I ~P ~oo) 135
Section 13. Integrationon productspaces . . . . . . . . . . . . . . 150
Section 14. Complex measures . . . . . . . . . . . . . . . . . . . 166

Chapter F our: Invariantfunctionals 184
Section 15. The Haar integral 184
Secti on 16. More about Haar measure 215
Section17. Invariantmeans definedfor all boundedfunctions 230
Sect ion 18. Invariantmeanson almost peri od icfunctions 245

Chapter Five: Convolutionsand group representations 261
Sect ion 19. Introductionto convolutions . . . . . 262
Sect ion 20. Convolutionsof function s and measures 283
Section 21. Introductionto representationtheory. 311
Sect ion 22. Unitary representations of locally compact groups 335

Chapter Six : Charac tersand dualityof locally compac tAbelian groups 355
Sect ion 23. The character group of a locally compact Abel ian group 355
Sect ion 24. The duality theorem . . . . . . . . . . . . . 376
Sect ion 25. Special structuretheorem s 399
Sect ion 26. Mi scellaneou s consequencesof the duality theorem 426

Ap pendix A : Ab elian groups . . . . . . . . 439
B: Topological linear spaces . . . . 451
C : Introcluction to norrned algebras 469

Bibliography . . 492

I ndexof sym bols 506

Indexof a u t h o r sand terms 509




