
CoNTEMPORARY 
MATHEMATICS 

161 

Differential Topology I 
Foliations~ and Group 

Actions 
Workshop on Topology 

January 6-17, 1992 
Pontiffcia Universidade Cat61ica, 

Rio de Janeiro, Brazil 

Paul A. Schweitzer, S.J. 
Steven Hurder 

Nathan Moreira dos Santos 
Jose Luis Arraut 

Editors 



Recent Titles in This Series 

161 Paul A. Schweitzer, S. J., Steven Hurder, Nathan Moreira dos Santos, and Jose Luis 
Arraut, Editors, Differential topology, foliations, and group actions, 1994 

160 Niky Kamran and Peter J. Olver, Editors, Lie algebras, cohomology, and new applications 
to quantum mechanics, 1994 

159 William J. Heinzer, Craig L. Huneke, and Judith D. Sally, Editors, Commutative algebra: 
Syzygies, multiplicities, and birational algebra, 1994 

158 Eric M. Friedlander and Mark E. Mahowald, Editors, Topology and representation 
theory, 1994 

157 Alfio Quarteroni, Jacques Periaux, Yuri A. Kuznetsov, and Olof B. Widlund, Editors, 
Domain decomposition methods in science and engineering, 1994 

156 Steven R. Givant, The structure of relation algebras generated by relativizations, 1994 
155 William B. Jacob, Tsit-Yuen Lam, and Robert 0. Robson, Editors, Recent advances in 

real algebraic geometry and quadratic forms, 1994 
154 Michael Eastwood, Joseph Wolf, and Roger Zierau, Editors, The Penrose transform and 

analytic cohomology in representation theory, 1993 
153 RichardS. Elman, Murray M. Schacher, and V. S. Varadarajan, Editors, Linear algebraic 

groups and their representations, 1993 
152 Christopher K. McCord, Editor, Nielsen theory and dynamical systems, 1993 
151 Matatyahu Rubin, The reconstruction of trees from their automorphism groups, 1993 
150 Carl-Friedrich BOdigheimer and Richard M. Hain, Editors, Mapping class groups and 

moduli spaces of Riemann surfaces, 1993 
149 Harry Cohn, Editor, Doeblin and modem probability, 1993 
148 Jeffrey Fox and Peter Haskell, Editors, Index theory and operator algebras, 1993 
147 Neil Robertson and Paul Seymour, Editors, Graph structure theory, 1993 
146 Martin C. Tangora, Editor, Algebraic topology, 1993 
145 Jeffrey Adams, Rebecca Herb, Stephen Kudla, Jian-Shu Li, Ron Lipsman, and Jonathan 

Rosenberg, Editors, Representation theory of groups and algebras, 1993 
144 Bor-Luh Lin and William B. Johnson, Editors, Banach spaces, 1993 
143 Marvin Knopp and Mark Sheingorn, Editors, A tribute to Emil Grosswald: Number 

theory and related analysis, 1993 
142 Chung.Chun Yang and Sheng Gong, Editors, Several complex variables in China, 1993 
141 A. Y. Cheer and C. P. van Dam, Editors, Auid dynamics in biology, 1993 
140 Eric L. Grinberg, Editor, Geometric analysis, 1992 
139 Vinay Deodhar, Editor, Kazhdan-Lusztig theory and related topics, 1992 
138 Donald St. P. Richards, Editor, Hypergeometric functions on domains of positivity, Jack 

polynomials, and applications, 1992 
137 Alexander Nagel and Edgar Ue Stout, Editors, The Madison symposium on complex 

analysis, 1992 
136 Ron Donagi, Editor, Curves, Jacobians, and Abelian varieties, 1992 
135 Peter Walters, Editor, Symbolic dynamics and its applications, 1992 
134 Murray Gerstenhaber and Jim Stasheff, Editors, Deformation theory and quantum 

groups with applications to mathematical physics, 1992 
133 Alan Adolphson, Steven Sperber, and Marvin Tretkoff, Editors, p-Adic methods in 

number theory and algebraic geometry, 1992 
132 Mark Gotay, Jerrold Marsden, and Vincent Moncrief, Editors, Mathematical aspects of 

classical field theory, 1992 
131 L. A. Bokut', Yu. L. Ershov, and A. I. Kostrikin, Editors, Proceedings of the International 

Conference on Algebra Dedicated to the Memory of A. I. Mal'cev, Parts l, 2, and 3, 1992 
(Continued in the back of this publication) 

http://dx.doi.org/10.1090/conm/161



Differential Topology, 
Foliations, and Group 

Actions 



CoNTEMPORARY 
MATHEMATICS 

161 

Differential Topology, 
Foliations, and Group 

Actions 
Workshop on Topology 

January 6 -17, 1992 
Pontificia Universidade Cat61ica, 

Rio de Janeiro, Brazil 

Paul A. Schweitzer, S.J. 
Steven Hurder 

Nathan Moreira dos Santos 
Jose Luis Arraut 

Editors 

American Mathematical Society 
Providence, Rhode Island 



EDITORIAL BOARD 
Craig Huneke, managing editor 

Clark Robinson J. T. Stafford 
Linda Preiss Rothschild Peter M. Winkler 

The Workshop on Topology was held at the Pontificia Universidade Cat6lica 
of Rio de Janerio, from January 6-17, 1992, with support from CAPES, CNPq, 
FAPESP, FAPERJ, FINEP, OAS, NSF, CNRS, GMD, the Japanese government, 
PUC-Rio, IBM do Brisil, Coca-Cola do Brasil, Grupo Votorantim, Varig, Banco 
Itau, Livraria Canuto, and Restaurante Marangone. 

1991 Mathematics Subject Classification. Primary 57-06; Secondary 57R30, 57R20, 
58Al2, 57817, 58F15. 

Library of Congress Cataloging-in-Publication Data 
Workshop on Topology (1992: Pontiffcia Universidade Cat6lica, Rio de Janeiro, Brazil) 

Differential topology, foliations, and group actions/Workshop on Topology, January 6-17, 1992, 
Pontiffcia Universidade Cat6lica, Rio de Janeiro, Brazil; Paul A. Schweitzer. .. [et a!.). 

p. em. - (Contemporary mathematics, ISSN 0271-4132; v. 161) 
Includes bibliographical references. 
ISBN 0-8218-5170-5 (acid free) 
1. Differential topology-Congresses. 2. Foliations (Mathematics)-Congresses. I. Schweitzer, 

Paul A., 1937- . II. Title. III. Series: Contemporary mathematics (American Mathematical 
Society); v. 161. 
QA613.3.W67 1992 
514-dc20 

93-46652 
CIP 

Copying and reprinting. Individual readers of this publication, and nonprofit libraries acting 
for them, are permitted to make fair use of the material, such as to copy an article for use 
in teaching or research. Permission is granted to quote brief passages from this publication in 
reviews, provided the customary acknowledgment of the source is given. 

Republication, systematic copying, or multiple reproduction of any material in this publication 
(including abstracts) is permitted only under license from the American Mathematical Society. 
Requests for such permission should be addressed to the Manager of Editorial Services, American 
Mathematical Society, P.O. Box 6248, Providence, Rhode Island 02940-6248. Requests can also 
be made by e-mail to reprint-permission<Dmath. ams. org. 

The appearance of the code on the first page of an article in this publication (including ab-
stracts) indicates the copyright owner's consent for copying beyond that permitted by Sections 
107 or 108 of the U.S. Copyright Law, provided that the fee of $1.00 plus $.25 per page for each 
copy be paid directly to the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, 
Massachusetts 01923. This consent does not extend to other kinds of copying, such as copying for 
general distribution, for advertising or promotional purposes, for creating new collective works, or 
for resale. 

© Copyright 1994 by the American Mathematical Society. All rights reserved. 
The American Mathematical Society retains all rights 

except those granted to the United States Government. 
Printed in the United States of America. 

§ The paper used in this book is acid-free and falls within the guidelines 
established to ensure permanence and durability. 

0 Printed on recycled paper. 
All articles in this volume were printed from copy prepared by the authors. 

Some of the articles in this volume were typeset by the authors using A.NfS-'lEX, 
the American Mathematical Society's 'lEX macro system. 

10 9 8 7 6 5 4 3 2 1 99 98 97 96 95 94 



CONTENTS 

INTRODUCTION · · · · · .......................................... ix 

PROGRAM OF THE WORKSHOP ON TOPOLOGY ...... x1 

Foliations 

1. Topological Obstructions to Smoothing Proper Foliations 
by JOHN CANTWELL and LAWRENCE CONLON .......... 1 

2. Deformations of Holomorphic Foliations 
by OMEGAR CALVO-ANDRADE ........................... 21 

3. Transverse Euler Classes of Foliations on Non-Atomic Foliation 
Cycles 
by STEVEN HURDER and YOSHIHIKO MITSUMATSU .... 29 

4. Foliated Cohomology and Characteristic Classes 
by NATHAN M. DOS SANTOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

5. A List of Questions about Foliations 
by REMI LANGEVIN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

De Rham Theory and Singularities 

6. Duality and De Rham Complex on Singular Varieties 
by A.G. ALEKSANDROV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 

7. De Rham Theorems for Singular Varieties 
by JEAN-PAUL BRASSELET ............................... 95 

8. On the Equisingularity of Families of Corank 1 Generic Germs 
by M.A.S. RUAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 

Two Surveys on Actions 

9. Cohomology and Actions of Finite Groups 
by ALEJANDRO ADEM ..................................... 123 

10. A Survey of Rigidity Theory for Anosov Actions 
by STEVEN HURDER ...................................... 143 

vii 



viii CONTENTS 

Low-Dimensional Topology 

11. An Introduction to Geometric Topology: Geometric Structures on 
Manifolds of Dimensions 2 and 3 
by NICOLAU CORQAO SALDANHA . . .. . . . . . . . . . . . . . . . . . . . 175 

12. On 4-Dimensional Bundle Theories 
by DUANE RANDALL ...................................... 217 

13. On Foliations, Concordance Spaces, and the Smale Conjectures 
by DUANE RANDALL and PAUL A. SCHWEITZER, S.J ... 235 

14. Generic 1-Parameter Families of Closed Space Curves 
by J.J. NUNO BALLESTEROS and M.C. ROMERO FUSTER259 

Characteristic Classes 

15. Dependence Relations for Cheeger-Chern-Simons Invariants of 
Locally Symmetric Spaces 
by JOHAN L. DUPONT and FRANZ W. KAMBER ......... 271 

16. Obstructions to Immersions of Projective Stiefel Manifolds 
by NELZA ELISABETE BARUFATTI ...................... 281 



INTRODUCTION 

This volume contains the Proceedings of the Workshop on Topology 
which took place at the Pontificia Universidade Cat6lica of Rio de Janeiro 
(PUC-Rio) from January 6 to 17, 1992, with the participation of about 
a hundred mathematicians from Brazil and various other countries. The 
four minicourses and about forty lectures and contributed papers covered 
a variety of topics in differential and algebraic topology, including group 
actions, foliations, low dimensional topology, and connections with dif-
ferential geometry, among others. The main area of concentration was 
foliation theory, reflecting the interests of most of the topology group 
at PUC-Rio, but there was a lively interchange on various other topics 
of current research in topology. The scientific program and the list of 
participants are included below. 

The contents of this volume reflect both this concentration and dis-
persion. The first section consists of several articles on various aspects 
of foliation theory, such as their characteristic classes, degree of differen-
tiability, and singularities of holomorphic foliations. It also contains an 
excellent list of open problems for foliations research, the result of two 
problem sessions during the Workshop and much careful work by Remi 
Langevin in contact with many specialists in the field. 

Two articles in the second section, starting from different but comple-
mentary perspectives, relate De Rham theory to singularities and strat-
ifications. The third section contains two survey articles on actions -
Alejandro Adem's minicourse on finite group actions and cohomology 
and Hurder's survey of rigidity of Anosov actions. Finally there are some 
papers in topology of low dimensions and characteristic classes, includ-
ing the notes of Nicolau Saldanha's elementary minicourse on geometric 
structures on 2- and 3-manifolds. Ron Stern's minicourse on 4-manifolds 
is not included in this volume, nor is Etienne Ghys' minicourse on the dy-
namics of the horocyclic flow (based on his Seminaire Bourbaki lecture, 
Expose 747, November 1991). 

The Organizing Committee of the Workshop was composed of Profs. 
Placido Andrade, Jose Luis Arraut, Marcos Craizer, Suely Druck, Nathan 
Moreira dos Santos, and Paul Schweitzer (chair), all from PUC-Rio, 
Lawrence Conlon (Washington University, St. Louis), Luiz Antonio Favaro 
(Universidade de Sao Paulo, Sao Carlos campus), Daciberg Lima Gon~alves 
(Universidade de Sao Paulo), and Mrs. Maria Tereza Milagres 
Nascimento, secretary. 

ix 



X INTRODUCTION 

As in any meeting, the staff support was essential for its smooth func-
tioning, and this was especially so in a period of financial crisis and at 
the beginning of a new fiscal year in Brazil. The excellent work of the 
Workshop Secretary Maria Tereza Milagres Nascimento made its success 
possible; she showed that she really deserves her maiden name 'Milagres' 
(which means 'miracles')! In the name of the Organizing Committee, 
I would like to thank her and other staff members of the Mathematics 
Department and other sections of PUC-Rio for their invaluable contribu-
tions. We would also like to express our sincere and deep thanks to the 
many government organs and private companies whose financial support 
made the Workshop possible (listed under "Sources of Support" below), 
especially the CNPq (the main source of financial support) and the Vo-
torantim Group (whose early support was essential). The four minicourse 
lecturers deserve our grateful appreciation for their excellent presenta-
tions. 

In conclusion, on behalf of the editors of these Proceedings and the 
Workshop Organizing Committee, I would like to thank the American 
Mathematical Society for including this volume in the Contemporary 
Mathematics series. I am personally very grateful to Steve Hurder for 
doing the lion's share of the work of editing this volume. I hope it will 
contribute to the continuing vitality of research in topology and related 
areas. 

Paul A. Schweitzer, S.J. 
Rio de Janeiro, June 1993 
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Foreign government organs: OAS, NSF (U.S.A.), CNRS (France), 
GMD (Germany), Japanese government; 

Private sources: PUC-Rio, IBM do Brasil, Coca-Cola do Brasil, Grupo 
Votorantim, Varig, Banco Itau, Livraria Canuto, Restaurante Marangone. 
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