Bibliography

[1] M. Abramowitz and I. Stegun, editors. Handbook of Mathematical Functions. Dover, New York, 1965.

[2] A.M. Ampère. Considérations Générales sur les Intégrales des Équations aux Différentielles Partielles. J. École Polytéchnique, 10:549–611, 1815.

[3] I.M. Anderson and J. Pohjanpelto. Variational principles for differential equations with symmetries and conservation laws I. 2^{nd} order scalar equations. Math. Ann., 299:191–222, 1994.

[4] D.J. Arrigo, P. Broadbridge, and J.M. Hill. Nonclassical symmetry solutions and the methods of Bluman-Cole and Clarkson-Kruskal. J. Math. Phys., 34:4692–4703, 1993.

[5] T. Banks and M. O’Loughlin. Two-dimensional quantum gravity in Minkowski space. Nucl.

Phys. B, 362:649–664, 1991.

[6] J. Barcelos-Neto and N.R.F. Braga. Symplectic analysis of a Dirac constrained theory. J.

Math. Phys., 35:3497–3503, 1994.

[7] J. Barcelos-Neto and C. Wotzasek. Faddeev-Jackiw quantization and constraints. Int. J.

Mod. Phys. A, 7:4981–5003, 1992.

[8] J. Barcelos-Neto and C. Wotzasek. Symplectic quantization of constrained systems. Mod.

Phys. Lett. A, 7:1737–1747, 1992.

[9] Th. Becker and V. Weispfenning. Gröbner Bases. Springer-Verlag, New York, 1993.

[10] I. Berchtold. Sparse matrix determinants over integral domains. Master’s thesis, ETH Zürich, 1993.

[11] I.N. Bernstein and B.I. Rosenfeld. Homogeneous spaces of infinite Lie algebras and characteristic classes of foliations. Uspekhi Mat. Nauk, 28:103–138, 1973.

[12] M. Bernstein and J. Sonnenschein. Comment on the quantization of chiral bosons. Phys.

Rev. Lett., 60:1772, 1988.

[13] G.W. Bluman. Simplifying the form of Lie groups admitted by a given differential equation.

J. Math. Anal. Appl., 145:52–62, 1990.

[14] G.W. Bluman and J.D. Cole. The general similarity solution of the heat equation. J. Math.

Mech., 18:1025–1042, 1969.

[15] G.W. Bluman and S. Kumei. Symmetries and Differential Equations. Applied Mathematical Sciences 81. Springer-Verlag, New York, 1989.

[16] F. Brandt. Bäcklund transformations and zero-curvature representations of systems of partial differential equations. J. Math. Phys., 35:2463–2484, 1994.

[17] R.L. Bryant, S.S. Chern, R.B. Gardner, H.L. Goldschmidt, and P.A. Griffiths. Exterior Differential Systems. Mathematical Sciences Research Institute Publications 18. Springer- Verlag, New York, 1991.

180 BIBLIOGRAPHY

[18] B. Buchberger and R. Loos. Algebraic simplification. In B. Buchberger, G.E. Collins, and R. Loos, editors, Computer Algebra — Symbolic and Algebraic Computation. Springer-Verlag, Berlin, 1982.

[19] W.H. Burge and S.M. Watt. Infinite structures in Scratchpad II. In J.H. Davenport, editor, Proc. EUROCAL ’87, Lecture Notes in Computer Science 378, pages 138–148. Springer- Verlag, Berlin 1987.

[20] R. Burman. On the strengths of field equations. Czech. J. Phys. B, 27:113–116, 1977.

[21] C.G. Callan, S.B. Giddings, J.A. Harvey, and A. Strominger. Evanescent black holes. Phys.

Rev. D, 45:R1005–R1009, 1992.

[22] C. Carathéodory. Variationsrechnung und Partielle Differentialgleichungen erster Ordnung, Band I. Teubner, Leipzig, 1956.

[23] J. Carminati, J.S. Devitt, and G.J. Fee. Isogroups of differential equations using algebraic computing. J. Symb. Comp., 14:103–120, 1992.

[24] G. Carrà Ferro. Gröbner bases and differential algebra. In L. Huguet and A. Poli, editors, AAECC-5, Lecture Notes in Computer Science 350, pages 129–140, Berlin, 1987. Springer- Verlag.

[25] G. Carrà Ferro and S.V. Duzhin. Differential-algebraic and differential-geometric approach to the study of involutive symbols. Preprint, University of Catania, Italy, 1992.

[26] E. Cartan. Les Systèmes Différentielles Extérieurs et leurs Applications Géométriques. Hermann, Paris, 1945.

[27] E. Cartan. Sur la Théorie des Systèmes en Involution et ses Applications à la Relativité.

In Oeuvres Complètes d’Elie Cartan, Partie II, Vol. 2, pages 1199–1230. Gauthier-Villars, Paris, 1953. (Original: Bull. Soc. Math. France 59 (1931) 88–118).

[28] E. Cartan and A. Einstein. Lettres sur la Parallélisme Absolue 1929–1932, edited by R. Debever. Palais des Académies, Bruxelles, 1979.

[29] B. Champagne, W. Hereman, and P. Winternitz. The computer calculation of Lie point symmetries of large systems of differential equations. Comp. Phys. Comm., 66:319–340, 1991.

[30] P.A. Clarkson and M.D. Kruskal. New similarity reductions of the Boussinesq equation. J.

Math. Phys., 30:2201–2212, 1989.

[31] A. Clebsch. Über die simultane Integration linearer partieller Differentialgleichungen. J.

Reine Angew. Math., 65:257–268, 1866.

[32] M.E.V. Costa and H.O. Girotti. Comment on “Self-dual fields as charge-density solitons”.

Phys. Rev. Lett., 60:1771, 1988.

[33] R. Courant and D. Hilbert. Methods of Mathematical Physics, volume 2. Interscience Publishers, New York, 1962.

[34] D. Cox, J. Little, and D. O’Shea. Ideals, Varieties, and Algorithms. Undergraduate Texts in Mathematics. Springer-Verlag, New York, 1992.

[35] C. Cronström and M. Noga. First-order Lagrangians and the Hamiltonian formalism.

Preprint TH-7317/94, CERN, 1994.

[36] J.H. Davenport. The AXIOM system. AXIOM Technical Report 3, NAG, 1992.

[37] J.H. Davenport. How does one program in the AXIOM system. AXIOM Technical Report 4, NAG, 1992.

[38] J.H. Davenport and B.M. Trager. Scratchpad’s view of algebra I: Basic commutative algebra.

In A.M. Miola, editor, Proc. DISCO ’90, Lecture Notes in Computer Science 429, pages 40– 54. Springer-Verlag, Berlin 1990.

[39] T. Dereli and R.W. Tucker. Gravitational interactions in 2+1 dimensions. Class. Quant.

Grav., 5:951–959, 1988.

[40] S. Deser, R. Jackiw, and S. Templeton. Three-dimensional massive gauge theories. Phys.

Rev. Lett., 48:975–978, 1982.

[41] S. Deser, R. Jackiw, and S. Templeton. Topologically massive gauge theories. Ann. Phys., 140:372–411, 1982.

[42] J. Dieudonné. Treatise on Analysis, volume IV. Academic Press, London, 1974. [43] P.A.M. Dirac. Generalized Hamiltonian dynamics. Can. J. Math., 2:129–148, 1950. [44] P.A.M. Dirac. Generalized Hamiltonian dynamics. Proc. Roy. Soc. A, 246:326–332, 1958. [45] P.A.M. Dirac. Lectures on Quantum Mechanics. Belfer Graduate School Monograph Series 3.

Yeshiva University, New York, 1964.

[46] J. Della Dora and E. Tournier. Formal solutions of differential equations in the neighbourhood of singular points. In P.S. Wang, editor, Proc. SYMSAC, pages 25–29. ACM, New York 1981.

[47] A. Einstein. The Meaning of Relativity. Princeton University Press, Princeton, 5th edition, 1955.

[48] L.P. Eisenhart. Riemannian Geometry. Princeton University Press, Princeton, 1926. [49] P.G. Estévez. The direct method and the singular manifold method for the Fitzhugh-Nagumo equation. Phys. Lett. A, 171:259–261, 1992.

[50] P.G. Estévez. Non-classical symmetries and the singular manifold method: the Burgers and the Burgers-Huxley equations. J. Phys. A, 27:2113–2127, 1994.

[51] L. Faddeev and R. Jackiw. Hamiltonian reduction of unconstrained and constrained systems.

Phys. Rev. Lett., 60:1692–1694, 1988.

[52] N.K. Falck and A.C. Hirshfeld. Dirac-bracket quantization of a constrained nonlinear system:

The rigid rotator. Eur. J. Phys., 4:5–9, 1983.

[53] A. Finzi. Sur les Systèmes d’Équations aux Derivées Partielles qui, comme les Systèmes Normaux, Comportent Autant d’Équations que de Fonctions Inconnues. Proc. Kon. Neder. Akad. v. Wetenschappen, 50:136–142, 143–150, 288–297, 351–356, 1947.

[54] R. Floreanini and R. Jackiw. Self-dual fields as charge-density solitons. Phys. Rev. Lett., 59:1873–1876, 1987.

[55] V.A. Galaktionov. On new exact blow-up solutions for nonlinear heat conduction with source and application. Diff. Int. Eqs., 3:863–874, 1990.

[56] R.B. Gardner. The Cauchy problem for Pfaffian systems. Comm. Pure Appl. Math., 22:587– 596, 1969.

[57] K.O. Geddes, S.R. Czapor, and G. Labahn. Algorithms for Computer Algebra. Kluwer Academic Publishers, Dordrecht, 1992.

[58] H.L. Goldschmidt. Integrability criteria for systems of non-linear partial differential equations. J. Diff. Geom., 1:269–307, 1969.

[59] M. Golubitsky and V. Guillemin. Stable Mappings and Their Singularities. Graduate Texts in Mathematics 14. Springer-Verlag, New York, 1973.

[60] K. Gottheil. Axioms, categories and domains. mathPAD, 4:24–29, 1994. [61] J. Govaerts. Hamiltonian reduction of first-order action. Int. J. Mod. Phys. A, 5:3625–3640, 1990.

[62] D. Gruntz and M.B. Monagan. Introduction to GAUSS. MapleTech, 9:23–35, 1993.

182 BIBLIOGRAPHY [63] V.W. Guillemin and S. Sternberg. An algebraic model of transitive differential geometry.

Bull. Amer. Math. Soc., 70:16–47, 1964.

[64] W. Haack and W. Wendland. Vorlesungen über Partielle und Pfaffsche Differentialgleichungen. Birkhäuser, Basel, 1969.

[65] A. Hanson, T. Regge, and C. Teitelboim. Constrained Hamiltonian Systems. Academia Nazionale dei Lincei, Rome, 1976.

[66] B.K. Harrison and F.B. Estabrook. Geometric approach to invariance groups and solutions of partial differential systems. J. Math. Phys., 12:653–666, 1971.

[67] D. Hartley and R.W. Tucker. A constructive implementation of the Cartan-Kähler theory of exterior differential systems. J. Symb. Comp., 12:655–667, 1991.

[68] D. Hartley, R.W. Tucker, and P.A. Tuckey. Constrained dynamics and exterior differential systems. J. Phys. A, 24:5253–5265, 1991.

[69] A.K. Head. Lie, a PC program for Lie analysis of differential equations. Comp. Phys. Comm., 77:241–248, 1993.

[70] W. Hereman. Review of symbolic software for the computation of Lie symmetries of differential equations. Euromath Bull., 2:45–82, 1994.

[71] W. Hereman. Symbolic software for Lie symmetry analysis. In N.H. Ibragimov, editor, CRC Handbook of Lie Group Analysis of Differential Equations, Volume 3: New Trends in Theoretical Development and Computational Methods, chapter 13. CRC Press, Boca Raton, Florida, to appear (1995).

[72] R. Hermann. The Geometry of Non-Linear Differential Equations, Bäcklund Transformations, and Solitons, Part A. Interdisciplinary Mathematics XII. Math Sci Press, Brookline, 1976.

[73] D. Hilbert. Über die Theorie der algebraischen Formen. Math. Ann., 36:473–534, 1890. [74] C. Hoenselaers. The strength of a system of differential equations. Prog. Theor. Phys., 58:1185–1190, 1977.

[75] S.A. Hojman and L.C. Shepley. No Lagrangian? No quantization. J. Math. Phys., 32:142– 146, 1991.

[76] S.A. Hojman and L.F. Urrutia. On the inverse problem of the calculus of variations. J.

Math. Phys., 22:1896–1903, 1981.

[77] E. Holmgren. Über Systeme von linearen, partiellen Differentialgleichungen. Ofversigt af kongl. Vetenskapsakad. Förh., 58:91–103, 1901.

[78] E.L. Ince. Ordinary Differential Equations. Dover, New York, 1956. [79] N. Jacobson. Lie Algebras. Dover, New York, 1962.

[80] M. Janet. Sur les Systèmes d’Équations aux Dérivées Partielles. J. Math. Pure Appl., 3:65– 151, 1920.

[81] D. Jenks and R.S. Sutor. AXIOM – The Scientific Computation System. Springer-Verlag, New York, 1992.

[82] F. John. Partial Differential Equations. Applied Mathematical Sciences 1. Springer-Verlag, New York, 1982.

[83] M. Johnston, C. Rogers, W. Schief, and W.M. Seiler. On moving pseudo-spherical surfaces:

A Bianchi system and its formal analysis. Lie Groups Appl., to appear, 1994. [84] E. Kähler. Einführung in die Theorie der Systeme von Differentialgleichungen. Teubner, Leipzig, 1934.

[85] I. Kaplansky. An Introduction to Differential Algebra. Hermann, Paris, 1957.

[86] E.R. Kolchin. Differential Algebra and Algebraic Groups. Academic Press, New York, 1973. [87] M.V. Korovina. Cauchy problems for overdetermined systems of linear differential equations.

Sov. Math. Dokl., 40:469–471, 1990.

[88] M.V. Korovina. Some results related to the Cauchy problem for overdetermined systems of linear differential equations. Diff. Eq., 26:67–76, 1990.

[89] I.S. Krasilshik, V.V. Lychagin, and A.M. Vinogradov. Geometry of Jet Spaces and Nonlinear Partial Differential Equations. Gordon&Breach, New York, 1986.

[90] H. Kredel and V. Weispfenning. Computing dimension and independent sets for polynomial ideals. J. Symb. Comp., 6:231–247, 1988.

[91] U. Kulshreshtha. Hamiltonian formulation of a theory with constraints. J. Math. Phys., 33:633, 1992.

[92] M. Kuranishi. On E. Cartan’s prolongation theorem of exterior differential systems. Amer.

J. Math., 79:1–47, 1957.

[93] M. Kuranishi. Lectures on Involutive Systems of Partial Differential Equations. Publicações da Sociedade de Mathemática de São Paulo, São Paolo, 1967.

[94] S. Lang. Algebra. Addison-Wesley, Reading, 1984.

[95] D. Levi and P. Winternitz. Non-classical symmetry reduction: Example of the Boussinesq equation. J. Phys. A: Math. Gen., 22:2915–2924, 1989.

[96] H. Lewy. An example of a smooth linear partial differential equation without solution. Ann.

Math., 66:155–158, 1957.

[97] S. Lie and F. Engel. Theorie der Transformationsgruppen, volume 1. Teubner, Leipzig, 1888. [98] S. Lie and G. Sheffers. Vorlesungen über Continuierliche Gruppen. Teubner, Leipzig, 1893. [99] D. Louis-Martinez, J. Gegenberg, and G. Kunstatter. Exact Dirac quantization of all 2D dilaton gravity theories. Phys. Lett. B, 321:193–198, 1994.

[100] D. Lovelock. Divergence-free third order concomitants of the metric tensor in three dimensions. In H. Rund and W.F. Forbes, editors, Topics in Differential Geometry. Academic Press, New York, 1976.

[101] E. Mansfield. Differential Gröbner Bases. PhD thesis, Macquarie University, Sydney, 1991. [102] E. Mansfield and E.D. Fackerell. Differential Gröbner bases. Preprint 92-108, Macquarie University, Sydney, 1992.

[103] K.H. Mariwalla. Applications of the concept of strength of a system of partial differential equations. J. Math. Phys., 15:468–473, 1974.

[104] Y. Matsushima. Sur les algèbres de Lie linéaires semi-involutives. In Colloque de Topologie de Strasbourg, page 17. Université de Strasbourg, 1954–55.

[105] N.F.J. Matthews. On the strength of Maxwell’s equations. J. Math. Phys., 28:810–814, 1987. [106] N.F.J. Matthews. The strength of Einstein’s equations. Gen. Rel. Grav., 24:17–33, 1992. [107] A. Mayer. Über unbeschränkt integrable Systeme von linearen totalen Differentialgleichungen. Math. Ann., 5:448–470, 1872.

[108] S.V. Meleshko. Differential constraints and one-parameter Lie-Bäcklund transformation groups. Sov. Math. Dokl., 28:37–41, 1983.

[109] P. Molino. Exterior differential systems and partial differential equations. Lecture notes, Mathematisch Instituut, Universiteit van Amsterdam, 1982.

[110] G.L. Murphy. On the strength of Einstein’s unified field equations. Int. J. Theor. Phys., 18:323–327, 1979.

184 BIBLIOGRAPHY

[111] P.J. Olver. Applications of Lie Groups to Differential Equations. Graduate Texts in Mathematics 107. Springer-Verlag, New York, 1986.

[112] P.J. Olver. Direct reduction and differential constraints. Proc. Roy. Soc. Ser. A, 444:509–523, 1994.

[113] P.J. Olver and P. Rosenau. The construction of special solutions to partial differential equations. Phys. Lett., 114A:107–112, 1986.

[114] P.J. Olver and P. Rosenau. Group-invariant solutions of differential equations. SIAM J.

Appl. Math., 47:263–278, 1987.

[115] R. Penney. On the dimensionality of the real world. J. Math. Phys., 6:1607–1611, 1965.

[116] I.G. Petrovsky. Lectures on Partial Differential Equations. Interscience Publishers, New York, 1954.

[117] J.F. Pommaret. Systems of Partial Differential Equations and Lie Pseudogroups. Gordon&Breach, London, 1978.

[118] J.F. Pommaret. Differential Galois Theory. Gordon&Breach, London, 1983.

[119] J.F. Pommaret. Lie Pseudogroups and Mechanics. Gordon&Breach, London, 1988.

[120] J.F. Pommaret and A. Haddak. Effective methods for systems of algebraic partial differential equations. In T. Mora and C. Traverso, editors, Proc. MEGA ’90, pages 411–426. Birkhäuser, Boston 1991.

[121] W.H. Preuss, S.A. Teukolsky, W.T. Vetterling, and B.P. Flannery. Numerical Recipes in C.

Cambridge University Press, Cambridge, 2nd edition, 1992.

[122] D.W. Rand and P. Winternitz. ODEPAINLEVE — a Macsyma package for Painlevé analysis of ordinary differential equations. Comp. Phys. Comm., 42:359–383, 1986.

[123] J. Rauch. Partial Differential Equations. Graduate Texts in Mathematics 128. Springer- Verlag, New York, 1991.

[124] G.J. Reid. Algorithms for reducing a system of PDEs to standard form, determining the dimension of its solution space and calculating its Taylor series solution. Eur. J. Appl. Math., 2:293–318, 1991.

[125] G.J. Reid. Finding abstract Lie symmetry algebras of differential equations without integrating determining equations. Eur. J. Appl. Math., 2:319–340, 1991.

[126] G.J. Reid, I.G. Lisle, A. Boulton, and A.D. Wittkopf. Algorithmic determination of commutation relations for Lie symmetry algebras of PDEs. In B.M. Trager and D. Lazard, editors, Proc. ISSAC ’92, pages 63–68. ACM, New York 1992.

[127] C. Riquier. Les Systèmes d’Équations aux Derivées Partielles. Gauthier-Villars, Paris, 1910.

[128] J.F. Ritt. Differential Algebra. Dover, New York, 1966. (Original: AMS Colloquium Publications, Vol. XXXIII, 1950).

[129] B.D. Saunders. An implementation of Kovačic’s algorithm for solving second order linear homogeneous differential equations. In P.S. Wang, editor, Proc. SYMSAC, pages 105–108. ACM, New York 1981.

[130] D.J. Saunders. The Geometry of Jet Bundles. London Mathematical Society Lecture Notes Series 142. Cambridge University Press, Cambridge, 1989.

[131] J. Schü. Implementierung des Cartan-Kuranishi-Theorems in AXIOM. Master’s thesis, Institut für Algorithmen und Kognitive Systeme, Universität Karlsruhe, 1992.

[132] J. Schü, W.M. Seiler, and J. Calmet. Algorithmic methods for Lie pseudogroups. In N. Ibragimov, M. Torrisi, and A. Valenti, editors, Proc. Modern Group Analysis: Advanced Analytical and Computational Methods in Mathematical Physics, pages 337–344, Acireale (Italy), 1992. Kluwer, Dordrecht 1993.

[133] B.F. Schutz. On the strength of a system of partial differential equations. J. Math. Phys., 16:855–856, 1975.

[134] F. Schwarz. Automatically determining symmetries of partial differential equations. Comp., 34:91–106, 1985.

[135] F. Schwarz. Symmetries and involution systems: Some experiments in computer algebra.

In M. Ablowitz, B. Fuchssteiner, and M. Kruskal, editors, Nonlinear Evolution Equations, Solitons and the Inverse Scattering Transform, Oberwolfach, 1986. World Science Press, Singapore 1987.

[136] F. Schwarz. Programming with abstract data types: The symmetry package SPDE in Scratchpad. In R. Janßen, editor, Trends in Computer Algebra, Lecture Notes in Computer Science 296. Springer-Verlag, Heidelberg, 1987.

[137] W.M. Seiler. Arbitrariness of the general solution and symmetries. Acta Appl. Math., to appear, 1994. (Special Issue Proc. Algebraic and Geometric Structures in Differential Equations, Twente 1993, J. Krasilshik and P.H.M. Kersten, eds.).

[138] W.M. Seiler. On the arbitrariness of the general solution of an involutive partial differential equation. J. Math. Phys., 35:486–498, 1994.

[139] W.M. Seiler. Pseudo differential operators and integrable systems in AXIOM. Comp. Phys.

Comm., 79:329–340, 1994.

[140] W.M. Seiler, P.J. Vassilou, and C. Rogers. Formal analysis of the Cauchy problem for a system associated with the (2+1)-dimensional Krichever-Novikov equation. Submitted.

[141] J.A. Shih. Sur la Saturation, la Stabilité des Systèmes d’Équations aux Derivées Partielles et le Calcul Formel. PhD thesis, Université Denis Diderot, Paris VII, 1994.

[142] M.F. Singer. Liouvillian solutions of n-th order homogeneous linear differential equations.

Am. J. Math., 103:661–682, 1981.

[143] M.F. Singer. Formal solutions of differential equations. J. Symb. Comp., 10:59–94, 1990. [144] W.Y. Sit. An algorithm for solving parametric linear systems. J. Symb. Comp., 13:353–394, 1992.

[145] H. Stephani. Allgemeine Relativitätstheorie. Deutscher Verlag der Wissenschaften, Berlin, 1980.

[146] H. Stephani. Differential Equations: Their Solution Using Symmetries. Cambridge University Press, Cambridge, 1989.

[147] M. Sué. Involutive systems of differential equations: Einstein’s strength versus Cartan’s degré d’arbitraire. J. Math. Phys., 32:392–399, 1991.

[148] K. Sundermeyer. Constrained Dynamics. Lecture Notes in Physics 169. Springer-Verlag, New York, 1982.

[149] R.S. Sutor and R.D. Jenks. The type inference and coercion facilities in the Scratchpad II interpreter. SIGPLAN Notices, 22:7–14, 1987.

[150] J.W. Sweeny. The D-Neumann problem. Acta Math., 120:223–251, 1968. [151] J.M. Thomas. Riquier’s existence theorems. Ann. Math., 30:285–321, 1929. [152] J.M. Thomas. Riquier’s existence theorems. Ann. Math., 35:306–311, 1934. [153] J.M. Thomas. Systems and Roots. W. Byrd Press, 1962.

[154] Ph. Tombal and A. Moussiaux. MACSYMA computation of the Dirac-Bergmann algorithm for Hamiltonian systems with constraints. J. Symb. Comp., 1:419–421, 1985.

[155] V.L. Topunov. Reducing systems of linear differential equations to a passive form. Acta Appl. Math., 16:191–206, 1989.

186 BIBLIOGRAPHY [156] A. Tresse. Sur les invariants différentiels des groupes de transformations. Acta Math., 18:1– 88, 1894.

[157] T. Tsujishita. Formal geometry of systems of differential equations. Sugaku Exp., 3:25–73, 1990.

[158] E. Vessiot. Sur une Théorie Nouvelle des Problèmes Généraux d’Integration. Bull. Soc.

Math. Fr., 52:336–395, 1924.

[159] E. von Weber. Partielle Differentialgleichungen. In Enzyklopädie der mathematischen Wissenschaften, Vol. II, Part 1.1, chapter A5, pages 294–399. 1900.

[160] F. Warner. Foundations of Differentiable Manifolds and Lie Groups. Scott, Foreman, Glenview, London, 1971.

[161] S.M. Watt, R.D. Jenks, R.S. Sutor, and B.M. Trager. The Scratchpad II type system:

Domains and subdomains. In A.M. Miola, editor, Computing Tools for Scientific Problem Solving. Academic Press, New York, 1990.

[162] J. Weiss. The Painlevé property for partial differential equations II: Bäcklund transformations, Lax pairs, and the Schwarzian derivative. J. Math. Phys., 24:1405–1413, 1983.

[163] J. Weiss, M. Tabor, and G. Carnevale. The Painlevé property for partial differential equations. J. Math. Phys., 24:522–526, 1983.

[164] E. Witten. String theory and black holes. Phys. Rev. D, 44:314–324, 1991. [165] A.Yu. Zharkov and Yu.A. Blinkov. Involution approach to solving systems of algebraic equations. In G. Jacob, N.E. Oussous, and S. Steinberg, editors, Proc. Int. IMACS Symp. Symbolic Computation, pages 11–17, Lille, 1993.

[166] A.Yu. Zharkov and Yu.A. Blinkov. Involutive bases of zero-dimensional ideals. J. Symb.

Comp., to appear, 1994.

[167] R. Zippel. Effective Polynomial Computation. Kluwer, Dordrecht, 1993.

Glossary �k ℓ � number of Taylor coefficients of order ℓ of a function with k arguments

α^{(k)}_q k-th Cartan character of the differential equation R_q ᾱ^{(k)}_q gauge corrected Cartan character

A^a_μ vector potential of a Yang-Mills theory β^{(k)}_q number of equations of class k in symbol M_q β̄^{(k)}_q gauge corrected value of β^{(k)}_q

C^a_{bc} structure constants of a Lie algebra C^{μν} Cotton tensor C_P characteristic variety at point P ∈ R_q C^∞ smooth functions C^ω analytic functions

d exterior derivative D_i formal derivative with respect to x^i D_μ covariant derivative with respect to x^μ

η_{μν} metric tensor of Minkowski space

E_k k-dimensional integral element f_{j,k} number of functions of differentiation order j with k arguments in the general solution F^a_{μν} field strength of a Yang-Mills theory F^ω local analytic functions on J_∞E

Γ_{loc}(E) sheaf of local sections of E Γ^ρ_{μν} Christoffel symbols

g_{μν} metric tensor of space-time G_{μν} Einstein tensor H(E_k) polar system of the integral element E_k H_q(r) Hilbert polynomial of the symbol M_q H̄_q(r) gauge corrected Hilbert polynomial

i_v interior derivative I_q ideal of the analytic functions vanishing on R_q

j_q(σ) q-fold prolongation of section σ ∈ Γ_{loc}(E) J_qE jet bundle of order q

L_v Lie derivative L^α_> leading derivatives with respect to the ranking > of a system of differential equations belonging to the dependent variable u^α Λ^pT^∗M p-forms on M

M_q symbol of the differential equation R_q

N^∗Σ co-normal variety of submanifold Σ

188 GLOSSARY

q̂(m, n, q) upper bound for the number of prolongations needed to render the symbol M_q involutive

P^⊥ annihilator of P P_q(σ) linearization of R_q at the section σ

R_{μν} Ricci tensor R_q differential equation of order q R_{q+r} r-fold prolongation of R_q R^{(s)}_{q+r} s-fold projection of (r + s)-fold prolongation of R_q

s^{(n)}_k (q) modified Stirling number S_nV n-fold symmetric product of vector space V S_k k-dimensional integral manifold σ_χ tableau σ_{[χ}(k)_{,...,χ}(n)_] k-tableau

T [χ] matrix of the tableau σ_χ T M tangent bundle of manifold M T^∗M cotangent bundle of manifold M

V E vertical bundle of E

Z^{(0)}q compatibility coefficient of R_q Z̄^{(0)}_q gauge corrected compatibility coefficient

Z^{(1)}_q strength of R_q Z̄^{(1)}_q gauge corrected strength

Index

δ-regularity, 52, 60, 79, 148, 156, 169, 229, 242, 271, 273, 280 TEX, 218

absolute compatible, 124 adjoint operator, 94 algebraic representation, 68, 70, 91, 121, 124, 151, 240 algorithm, 36, 38, 46, 270 analytic field, 95 annihilator, 253, 255 arbitrary functions (in general solution), 65, 69, 73, 76, 91, 108, 121, 151, 240, 259, 273 associated coordinate system, 59, 61, 84, 229 attribute, 188, 207 AXIOM, 186, 191, 192, 230

Bäcklund transformation, 164 Bianchi identity, 170 Bianchi identity (contracted), 156 Burgers Equation, 226

Cartan character, 66, 68, 70, 72, 74, 108, 114, 124, 138, 150, 152, 156, 157, 163, 164, 166, 167, 170, 172, 212, 225, 239, 263, 274, 279–281 Cartan genus, 74, 112, 114, 125, 153, 240, 257, 262 Cartan-Kähler Theorem, 89, 96, 101, 256 Cartan-Kuranishi Theorem, 35 Cartan-Weyl basis, 178 category, 187, 189, 193 Cauchy characteristic, 250, 252 Cauchy-Kowalevsky Theorem, 82, 87, 89–91, 95, 256 characteristic, 47, 52, 265 characteristic manifold, 89, 94, 95 characteristic one-form, 48, 51, 149, 157 characteristic system, 161, 174 characteristic variety, 48, 163 Chern-Simons form, 166 Christoffel symbol, 155, 156 class, 26, 28, 30–32, 34, 38, 52, 53, 60, 66, 67, 84, 157, 271, 279 class-respecting ranking, 30, 271 closed form representation, 64, 68 closed ideal, 250, 254, 264 co-normal variety, 49, 255 Cole-Hopf transformation, 226 compatibility coefficient, 124 compatibility condition, 25, 149 complete integrability, 103, 241, 253, 254 complete set, 269 complete system, 104, 159, 160 conditional symmetry, 105, 214 constraint, 82, 126, 132, 136, 137, 139, 154 constraint (first class), 128, 130 constraint (primary), 127, 133, 140 constraint (second class), 128, 130, 131, 134, 137, 138 constraint (secondary), 128, 134, 137 contact system, 262 coordinate ring, 46 cotangent bundle, 23, 247 Cotton tensor, 167, 168, 170 covariant derivative, 149, 156 criterion (for involution), 27, 35 current, 149 curvature scalar, 167, 170 curvature tensor, 167, 171

degré d’arbitraire, 74 degree of freedom, 120, 129, 239 determining system, 102, 103, 185, 213, 224 differential constraint, 105, 106, 108–110, 112, 241 differential invariant, 165 differentiation order, 73 diffiety, 42 dilaton-gravity, 170 Dirac algorithm, 128, 131–133, 137, 141, 223, 238 Dirac bracket, 131, 138, 139 direct reduction method, 106, 109 domain, 187, 189, 193 domain of determinacy, 95

Einstein Equation, 154, 156, 157, 167, 168, 170, 171 Einstein Equations, 155 Einstein tensor, 155, 167, 168, 171 Euler Equation, 220

190 INDEX

Euler-Lagrange Equation, 126, 131, 133, 135, 137, 140, 143, 145 exterior derivative, 248 exterior system, 249, 250, 252

field strength, 147, 150 finite type (equation of), 39, 68, 101, 109, 110, 112, 116, 122, 132, 164, 173, 241 foliation, 164 formal derivative, 20, 23, 44, 163, 199 formal geometry, 42 formal integrability, 22, 27, 28, 34, 91, 100, 271 formally well-posed, 78, 80, 83, 85, 96, 225 Frobenius Theorem, 253, 259, 265 fundamental solution, 71

Galois Theory, 186 gauge corrected Cartan character, 121, 158, 172 gauge corrected Hilbert polynomial, 120, 149, 158 gauge fixing, 123, 150, 158, 173 gauge function, 119, 149, 157, 170 gauge system, 119, 125, 127 gauge transformation, 119, 121, 129, 149, 157 general solution, 43, 49, 64, 76, 160 generalized symmetry, 100, 108 Gröbner basis, 184, 185, 202, 204, 214, 230

Hamiltonian (canonical), 128 Hamiltonian (total), 129, 131 harmonic coordinates, 157 Heat Equation, 44, 79, 224, 226 Hilbert function, 46 Hilbert polynomial, 45, 68, 69, 73, 76, 120, 122, 125, 149, 152, 158, 170, 212, 239, 274 Holmgren Theorem, 93

ideal, 37, 41, 42, 46, 185, 250 identity, 25, 34, 149, 156 ill-posed, 96 Implicit Function Theorem, 45, 84, 268 independence form, 260, 261 index of generality, 74, 125, 239 index of regularity, 46 inductive limit, 41 initial value problem, 78, 80–82, 85, 87, 89, 94, 95, 97, 101, 153, 270 integrability condition, 21, 24–26, 28, 34, 35, 93, 109, 111, 113, 114, 127, 149, 156, 172, 177, 184, 200, 204, 209, 210, 214, 263, 269, 272, 273, 280 integral element, 249, 254, 256 integral manifold, 249, 250, 252, 254, 256, 260, 264 integral representation, 72, 91, 151, 153 interior derivative, 248 invariant, 104, 106, 252 invariant surface condition, 104, 106, 108, 214, 252 inverse lexicographic ranking, 30, 84, 101, 197, 273 involutive, 27, 28, 30, 31, 34–36, 45, 52, 66, 67, 74, 79, 89–91, 95, 108, 109, 111, 112, 114, 126, 131, 137, 148, 149, 156, 164, 172, 181, 184, 211, 260, 269, 273, 279 isovector, 252

Jacobi bracket, 163 Jacobi matrix, 24, 53, 199, 208, 217 Jacobian system, 159, 160, 162, 163, 165, 173 Janet example, 38, 68, 117, 218 Janet-Riquier Theory, 28, 78, 184 jet bundle, 17, 41, 193, 196

Killing metric, 179 Killing vector, 175 Klein-Gordon Equation, 166 Korteweg-de Vries Equation, 241, 245 Krichever-Novikov Equation, 273

Lagrange-Green Identity, 94, 95 Lagrangian, 126 Laplace Equation, 96, 97 leading derivative, 268, 270 Legendre transformation, 127 Levi-Civita connection, 155, 167 Lewy example, 87, 101 Lie algebra, 72, 102, 104, 147, 149, 160, 163, 177, 250, 254 Lie derivative, 248, 259 Lie pseudogroup, 121, 122, 152 Lie-Bäcklund symmetry, 100, 108 linearization, 52, 250 locally geodesic coordinates, 154, 156, 157, 168 Lorentz gauge, 150

majorant, 88, 271 Maxwell Equation, 51, 80, 85, 150, 158, 170, 223 Mayer system, 68 metric tensor, 154 metricity, 155 Minkowski space, 155 modified Stirling number, 68, 75, 213, 275, 277 multiplicative variable, 26–29, 31, 32, 34, 90, 113, 116, 133, 162, 204, 210, 268, 271 Noether identity, 149, 166 Noetherian, 37, 185 non-classical method, 105, 214, 253 non-linear superposition, 71 non-systatic basis, 59, 61, 83, 86, 98, 229, 261 non-systatic flag, 83, 95 normal, 34, 49, 51, 72, 82, 87, 89, 91, 107, 108, 127

orderly ranking, 30, 270 ordinary integral element, 257, 261 orthonomic, 268–270, 272 over-determined, 49, 123, 150, 262

package, 187, 193 Painlevé analysis, 107, 185 parametric derivative, 26, 28, 44–46, 66, 79, 81, 101 Pascal triangle, 75, 277 passive, 79, 83, 184, 267, 269–271, 273 Pfaffian representation, 49, 255, 259, 264 Pfaffian system, 162, 253 pivot, 26, 28–32, 53, 81, 215, 216, 228, 271 Poisson bracket, 129, 137 polar system, 256, 257, 259, 262, 263 power series (order by order construction), 21, 44, 46, 69, 74, 76 power series solution, 21, 41, 46, 78, 270, 271 principal derivative, 26, 28, 44–46, 66, 79–81, 83, 84, 86, 101, 147, 155, 268, 269, 273 projection, 20, 35, 210 projective limit, 41 prolongation, 18, 20, 24, 27, 28, 31, 35, 36, 39, 42, 67, 90, 155, 210 prolongation (of vector field), 102, 211 Prolongation Theorem, 36

rank (Pfaffian system), 253 ranking, 29, 30, 83, 268, 274 reduction, 103, 240 reduction to first-order, 91, 164, 278, 279 regular, 20, 228, 253 regular chain, 257 regular integral element, 256 regular sequence, 257, 259, 261, 264 Reid diagram, 28, 78, 80, 273 Ricci tensor, 154, 155, 167, 171 root, 178 root vector, 178, 179 row echelon form, 26, 53, 202, 215, 216, 219

section, 18, 52, 193, 280 semi-simple, 177–179 singular manifold method, 107 singularity, 185 solution, 19, 52 solved form (equation), 107, 262, 271 solved form (symbol), 26, 30, 58, 201 space-time, 132, 147, 154, 156 Spencer cohomology, 27, 36, 53, 89 stability, 96 strength, 124, 125, 149, 157, 170, 240 structure constants, 149 symbol, 22, 30, 31, 36, 45, 53, 67, 109, 110, 112–114, 116, 126, 147, 148, 156, 179, 262, 280 symmetric q-product, 276 symmetry, 99, 108, 165, 185, 213, 224, 230, 240, 252 symmetry reduction, 252 systatic, 51

tableau, 47, 49, 51, 52, 55, 57, 98, 148, 156, 163, 168, 229, 242 total-degree ranking, 30 transversality condition, 260

under-determined, 45, 49, 51, 80, 120, 125, 127, 149, 157 unique solution, 78, 87, 89, 93

vector field, 160 vector potential, 147, 150

Wave Equation, 54, 65, 69, 81, 265 weak symmetry, 105, 108 wedge product, 248 well-posed, 78 Weyl tensor, 167

Yang-Mills Equations, 147–150, 155, 156, 166

zero-curvature representation, 165