
CONTENTS

INTRODUCTION TO THE SECOND EDITION 

FOREWORD TO THE 1997 EDITION 

PREFACE

±  AN INTRODUCTION TO THE THEORY 1

1.1 T he  Basic Ideas 1
1.2 A T w o-point B oundary-value P rob lem  3
1.3 T he  V ariational Form  of th e  P rob lem  8
1.4 F in ite  Difference A pproxim ations 16
1.5 T he R itz  M ethod  and Linear E lem ents 24
1.6 T he E rro r w ith  L inear E lem ents 39
1.7 T he  F in ite  E lem ent M ethod  in One D im ension 51
1.8 B oundary  Value P roblem s in Two D im ensions 63
1.9 T riangular and  R ectangu la r E lem ents 74
1.10 E lem ent M atrices in Tw o-dim ensional P rob lem s 90

2 A SUMMARY OF THE THEORY 101

2.1 Basis Functions for th e  F in ite  E lem ent Spaces S h 101
2.2 R a te s  o f Convergence 105
2.3 G alerk in ’s M ethod , C ollocation, and  th e  M ixed M ethod  116
2.4 System s of E quations; Shell P roblem s; V ariations on

th e  F in ite  E lem ent M ethod  126



3 APPROXIMATION 136

3.1 Pointw ise A pproxim ation  136
3.2 M ean-square A pproxim ation  143
3.3 C urved E lem ents and Isoparam etric  T ransform ations 156
3.4 E rro r  E stim ates 165

4 VARIATIONAL CRIMES 172

4.1 V iolations of th e  R ayleigh-R itz C ode 172
4.2 N on-conform ing E lem ents 174
4.3 N um erical In teg ra tio n  181
4.4 A pproxim ation  of D om ain and B oundary  C onditions 192

5 STABILITY 205

5.1 Independence of th e  Basis 205
5.2 T he  C ondition  N um ber 209

6 EIGENVALUE PROBLEMS 216

6.1 V ariational Form ulation  and th e  M in-m ax P rincip le  216
6.2 Some E lem entary  Exam ples 223
6.3 Eigenvalue and  E igenfunction E rro rs  228
6.4 C om puta tional Techniques 236

7 INITIAL-VALUE PROBLEMS 241

7.1 T he G alerkin-C rank-N icolson M ethod  for th e  H eat
E quation  241

7.2 S tab ility  and Convergence in Parabo lic  P rob lem s 245
7.3 H yperbolic E quations 251



8 SINGULARITIES 257

8.1 C orners and  Interfaces
8.2 S ingular Functions
8.3 E rro rs in the  P resence  of S ingularities
8.4 E xperim ental R esu lts

BIBLIOGRAPHY 

INDEX OF NOTATIONS 

INDEX

PART 2 (2008)

FINITE ELEMENTS IN ONE DIMENSION

9.1 W eak Form  w ith  L inear Trial Functions
9.2 Cubic Splines and  F ou rth  O rder E quations 319

THE FINITE ELEMENT METHOD IN 2D AND 3D 329

ERRORS IN PROJECTIONS AND EIGENVALUES 349

MIXED FINITE ELEMENTS: VELOCITY AND PRESSURE 356

APPENDIX A: DISCONTINUOUS GALERKIN METHODS 367

APPENDIX B: FAST POISSON SOLVERS 391

9

10 

11 

12

257
263
266
268

281

297

303

307

307

INDEX 401


