GEOMETRY OF JET
SPACES AND NONLINEAR
PARTIAL DIFFERENTIAL

EQUATIONS

I. S. Krasil’shchik
V. V. Lychagin
A. M. Vinogradov

Department of Mathematics and Mechanics
Moscow State University
Moscow, USSR

Translated from the Russian
by A. B. Sosinskii

GORDON AND BREACH SCIENCE PUBLISHERS
New York London Paris Montreux Tokyo



CONTENTS
Introduction ix
Acknowledgments Xvii
Prerequisites Xix

Chapter 1. Elements of Differential Calculus in Commutative

Rings
1. The Principal Functors in the Theory of Linear Differential
Operators 1
2. Representative Objects 12
3. Elementary Algebraic Geometry of Differential Operators 26
4. Change of Rings 40
5. The é-lemma 46

Chapter 11. Nonlinear Differential Operators and the
U-Geometry on Jet Manifolds

1. The Elements p,(n) and U (n) 62
2. Nonlinear Differential Operators 65
3. Prolongations of Nonlinear Differential Operators 69
4, U-Geometry 81

Chapter II1. Evolutions and Linearizations

1. Differential Operators on the Space of Infinite Jets 94
2. Universal Linearizations and Evolutionary Derivations 98
3. %-Fields and their Structures 108
4. %-Fields and the Operators p, and U, 112
Chapter IV. The Geometry of the Cartan

Distribution
1. The Cartan Distribution 122

2. Involutive Subspaces 127




vi CONTENTS

3. Integral Manifolds of the Cartan Distribution and

Lie Transformations 134
4. Structure of Lie Fields and Lie Transformations 138
5. Characteristic Cones 144

Chapter V. Nonlinear Differential Equations, their Solutions,
Symbols, and Symmetries

1. Differential Equations and their Solutions 152
2. Formal Integrability 159
3. Intermediate Integrals and Characteristic Covectors 173
4. Geometric Singularities of Solutions and Characteristics 177
5. Riemann Invariants 191
6. Classical Symmetries of Differential Equations 198

Chapter VI. The Geometry of the Cartan Distribution on
the Space of Infinite Jets

1. Derivations in Fibre Bundles 218

2. The Elements U, (n) and % ,,-Fields 228

3. Integral Manifolds of the Cartan Distribution on J*(n) and
%-Transformations 240

4. Transformations Preserving the Elements U, p;, U,(n), p(n) 254

Chapter VII. The Projective Point of View and the
Geometry of Infinitely Prolongated Equations

1. The Projective Point of View 272
2. The Differential Calculus on the Space of Infinite Jets of a
Nonlinear Fibre Bundle. The Structure of #-Differential

Operators 286
3. Projective Transformations of Coordinates and Operators 298
4. The Geometry of Infinitely Prolongated Equations and the

Related Differential Calculus 305
5. The Category of Differential Equations 320

Chapter VIII. Some Applications of the Theory of
Symmetries of Partial Differential Equations

1. Classical Infinitesimal Symmetries of Differential Equations 349



CONTENTS

2. The Computation of Higher Symmetries of Differential
Equations. Nonlocal Symmetries

3. Invariant Solutions and Factorization of Differential
Equations

4. L-A Pairs

References
Subject Index
Index of Symbols

vii

371

390
406

433
439
441




