THE LANDSCAPE OF THEORETICAL PHYSICS: A GLOBAL VIEW

From Point Particles to the Brane World and Beyond, in Search of a Unifying Principle

MATEJ PAVŠIČ

Department of Theoretical Physics Jožef Stefan Institute Ljubljana, Slovenia

Kluwer Academic Publishers Boston/Dordrecht/London

References

[1] V. Fock, Phys. Z. Sowj. 12, 404 (1937) [2] E.C.G. Stueckelberg, Helv. Phys. Acta, 14, 322 (1941); 14, 588 (1941); 15, 23 (1942) [3] R. P. Feynman Phys. Rev, 84, 108 (1951) [4] J. Schwinger, Phys. Rev, 82, 664 (1951) [5] W.C. Davidon, Physical Review 97, 1131 (1955); 97, 1139 (1955) [6] L.P. Horwitz and C. Piron, Helv. Phys. Acta, 46, 316 (1973); L.P. Horwitz and F.

Rohrlich, Physical Review D 24, 1528 (1981); 26, 3452 (1982) [7] L.P. Horwitz, R.I. Arshansky and A.C. Elitzur Found. Phys 18, 1159 (1988); R.I.

Arshansky, L.P. Horwitz and Y. Lavie, Foundations of Physics 13, 1167 (1983) [8] H.Enatsu, Progr. Theor. Phys 30, 236 (1963); Nuovo Cimento A 95, 269 (1986); [9] E. R. Collins and J.R. Fanchi, Nuovo Cimento A, 48, 314 (1978); [10] J.R.Fanchi, Phys. Rev. D 20, 3108 (1979); see also the review J.R.Fanchi, Found.

Phys. 23, 287 (1993), and many references therein; J.R. Fanchi Parametrized Relativistic Quantum Theory (Kluwer, Dordrecht, 1993) [11] A. Kyprianidis Physics Reports 155, 1 (1987) [12] F. Reuse, Foundations of Physics 9, 865 (1979) [13] R. Kubo, Nuovo Cimento A , 293 (1985);

[14] N. Shnerb and L.P. Horwitz, Phys. Rev. A 48, 4068 (1993). [15] M. Pavšič, Found. Phys. 21, 1005 (1991) [16] M. Pavšič, Nuovo Cim. A104, 1337 (1991); Doga, Turkish Journ. Phys. 17, 768 (1993) 353

354 THE LANDSCAPE OF THEORETICAL PHYSICS: A GLOBAL VIEW

[17] M.B. Mensky and H. von Borzeszkowski, Physics Letters A 208, 269 (1995); J.P.

Aparicio, F.H. Gaioli and E.T. Garcia-Alvarez, Physical Review A 51, 96 (1995); Physics Letters A 200, 233 (1995); L. Hannibal, International Journal of Theoretical Physics 30, 1445 (1991)

[18] W.B. Rollnick, Physical Review 183, 1105 (1969); F.A.E. Pirani, Physical Review D 1, 3224 (1970); R.G. Root, J.S. Trefil, Letter al Nuovo Cimento 3, 412 (1970); L.S. Schulman, American Journal of Physics 39, 481 (1971); G.A. Benford, D.L. Book, W.A. Newcomb, Physical Review D 2, 263 (1970)

[19] L.P. Horwitz, in Old and New Questions in Physics, Cosmology, Phylosophy and Theoretical Biology (Editor Alwyn van der Merwe, Plenum, New York, 1983); L.P. Horwitz and Y. Lavie, Physical Review D 26, 819 (1982); see also ref. [6]

[20] L. Burakovsky, L.P. Horwitz and W.C. Schieve, Physical Review D 54, 4029 (1996);

L.P. Horwitz and W.C. Schieve, Annals of Physics 137, 306 (1981)

[21] B.S. DeWitt, Phys. Rep. 19, 295 (1975); S.M. Christensen, Phys. Rev. D 14, 2490 (1976); L.S. Brown, Phys. Rev. D 15, 1469 (1977); T.S. Bunch and L. Parker, Phys. Rev. D 20, 2499 (1979); H. Boschi-Filho and C.P. Natividade, Phys. Rev. D 46, 5458 (1992); A. Follacci, Phys. Rev. D 46, 2553 (1992); A. Sugamoto, Nuclear Physics B 215, 381 (1983)

[22] D. Hestenes, Space–Time Algebra (Gordon and Breach, New York, 1966); D.

Hestenes Clifford Algebra to Geometric Calculus (D. Reidel, Dordrecht, 1984)

[23] W.M. Pezzaglia Jr, Classification of Multivector Theories and Modification of the Postulates of Physics, e-Print Archive: gr-qc/9306006;

W.M. Pezzaglia Jr, Polydimensional Relativity, a Classical Generalization of the Automorphism Invariance Principle, e-Print Archive: gr-qc/9608052; W.M. Pezzaglia Jr, Physical Applications of a Generalized Clifford Calculus: Papapetrou Equations and Metamorphic Curvature, e-Print Archive: gr-qc/9710027; W.M. Pezzaglia Jr nad J. J. Adams, Should Metric Signature Matter in Clifford Algebra Formulation of Physical Theories?, e-Print Archive: gr-qc/9704048; W.M. Pezzaglia Jr and A.W. Differ, A Clifford Dyadic Superfield from Bilateral Interactions of Geometric Multispin Dirac Theory, e-Print Archive: gr-qc/9311015; W.M. Pezzaglia Jr, Dimensionally Democratic Calculus and Principles of Polydimensional Physics, e-Print Archive: gr-qc/9912025

[24] W.M. Pezzaglia Jr, Generalized Fierz Identities and the Superselection Rule for Geometric Multispinors, e-Print Archive: gr-qc/9211018;

W.M. Pezzaglia Jr, Polydymensional Supersymmetric Principles, e-Print Archive: gr-qc/9909071

[25] B.S. DeWitt, in Gravitation: An Introduction to Current Research (Editor L. Witten, Wiley, New York, 1962)

[26] C. Rovelli, Classical and Quantum Gravity 8, 297 (1991); 8 317 (1991)

[27] M. Riesz, in Comptes Rèndus du Dixiéme Congrés des Mathematiques des Pays Scandinaves (Copenhagen, 1946), p. 123; M. Riesz, in Comptes Réndus du Dixième Congrès des Mathematiques des Pays Scandinaves (Lund, 1953), p. 241; M. Riesz,

REFERENCES 355

in Lecture Series No 38 (University of Maryland, 1958), Chaps. I-IV; see also refs. [37]; P.Rashevskiy, Uspekhi Matematicheskikh Nauk 10, 3, (1955)

[28] D. Cangemi, R. Jackiw and B. Zwiebach, Annals of Physics 245, 408 (1996); E.

Benedict, R. Jackiw and H.-J. Lee, Physical Review D 54, 6213 (1996)

[29] P.A.M. Dirac, Lecture Notes on Quantum Field Theory (Yeshiva University, New York, 1965)

[30] H. Rund, The Hamilton–Jacobi Theory in the Calculus of Variations (Van Nostrand, London, 1966)

[31] P.S. Howe and R.W. Tucker, J. Phys. A: Math. Gen. 10, L155 (1977); A. Sugamoto, Nuclear Physics B 215, 381 (1983); E. Bergshoeff, E. Sezgin and P.K. Townsend, Physics Letter B 189, 75 (1987); A. Achucarro, J.M. Evans, P.K. Townsend and D.L. Wiltshire, Physics Letters B 198, 441 (1987); M. Pavšič, Class. Quant. Grav. 5, 247 (1988); see also M. Pavšič, Physics Letters B 197, 327 (1987)

[32] See, e.g., M. Kaku, Introduction to Superstrings (Springer–Verlag, New York, N.Y., 1988).

[33] B.S. DeWitt, Reviews of Modern Physics 29, 377 (1957); see also B.S. DeWitt Phys. Rev. 85, 653 (1952)

[34] A.O. Barut, Electrodynamics and Classical Theory of Fields and Particles (Macmillan, New York, 1964)

[35] I. Białynycki-Birula and Z. Białynicki-Birula, Quantum Electrodynamics (Pergamon Press, Oxford, 1975)

[36] K. Greider, Physical Review Letters 44, 1718 (1980); Foundations of Physics 4, 467 (1984); D. Fryberger, Foundations of Physics 19, 125 (1989); J. Keller, International Journal of Theoretical Physics 30, 137 (1991); V. de Sabbata and L. Ronchetti, Foundations of Physics 29, 1000 (1999); C. Doran, A. Lasenby and S. Gull, Foundations of Physics 23, 1175 (1993); 23, 1239 (1993); 23, 1295 (1993); W.A. Rodrigues, Jr., J. Vaz and E. Recami Foundations of Physics 23, 469 (1993); J.R. Zeni and W.A. Rodrigues, Jr, International Jornal of Modern Physics A 7, 1793 (1992); W.A. Rodrigues, Jr., J. Vaz and M. Pavšič, The Clifford bundle and the dynamics of superpaticle, in Generalization of Complex Analysis and their Applications in Physics (Editor J. Lawrynowicz, Banach Center Publication 37, The Institute of Mathematics, Polish Academy of Sciences, Warszawa, 1996); P. Lounesto, Clifford Algebras and Spinors (Cambridge University Press, Cambridge, 1997); A. Garett Lisi, It’s all in GR: spinors, time, and gauge symmetry, e-Print Archive: gr-qc/9804033; C. Doran, A. Lasenby, A. Challinors and S. Gull, Journal of Mathematical Physics 39, 3303 (1998)

[37] S. Teitler, Supplemento al Nuovo Cimento III, 1 (1965); Supplemento al Nuovo Cimento III, 15 (1965); Journal of Mathematical Physics 7, 1730 (1966); Journal of Mathematical Physics 7, 1739 (1966)

[38] B. Hatfield, Quantum Field Theory of Point Particles and Strings (Adison-Wesley, Redwood City, 1992)

356 THE LANDSCAPE OF THEORETICAL PHYSICS: A GLOBAL VIEW

[39] J. Greenstie, Classical and Quantum Gravity 13, 1339 (1996); Physical Review D 49, 930 (1994); A. Carlini and J. Greensite, Physical Review D 52, 936 (1995); 52, 6947 (1955); 55, 3514 (1997) [40] F.H. Gaioli and E.T. Garcia-Alvarez, General Relativity and Gravitation 26,1267 (1994) [41] J. Brian and W.C. Schieve, Foundations of Physics 28, 1417 (1998) [42] See modern discussion in ref [26] [43] S. Weinberg, Review of Modern Physics 61, 1 (1989) [44] Y.S. Kim and Marilyn E. Noz, Phys. Rev. D 8, 3521 (1973) 12 (1975) 122. [45] D. Cangemi, R. Jackiw and B. Zwiebach, Annals of Physics 245, 408 (1996); E.

Benedict, R. Jackiw and H.-J. Lee, Phys. Rev. D 54, 6213 (1996) [46] R P. Feynman, M. Kislinger and F. Ravndal, Phys. Rev. D 3, 2706 (1971); H.

Leutwyler and J. Stern, Annals of Physics 112, 94 (1978) [47] S.W. Hawking and G.F.R. Ellis, The Large Scale Structure of Spacetime (Cambridge University Press, Cambridge, 1973); F. J. Tipler, Annals of Physics 108, 1 (1977) [48] M.S. Morris, K.S. Thorne, and U. Yurtsever, Phys. Rev. Lett. 61, 1446 (1988) [49] M. Alcubierre, Class. Quant. Grav. 11, L73 (1994) [50] H.B.G. Casimir, Proc. K. Ned. Akad. Wet. 51, 793 (1948) 793 [51] B. Green, The Elegant Universe (Norton, New York, 1999) [52] E. Witten, Physics Today, April, 24 (1996) [53] M. Pavšič, Found. Phys. 25, 819 (1995);

M. Pavšič, Nuovo Cimento A 108, 221 (1995) [54] M. Pavšič, Foundations of Physics 26, 159 (1996) [55] M. Pavšič, Nuovo Cimento A 110, 369 (1997) [56] K. Bardakci, Nucl. Phys. B271, 561 (1986) [57] B.S. DeWitt, Supermanifolds (Cambridge University Press, Cambridge 1984) [58] K. Fujikawa, Phys. Rev. Lett. 42, 1195 (1979); 44, 1733 (1980); Phys. Rev. D 21, 2448 (1980); 23, 2262 (1981); Nucl. Phys. B 226, 437 (1983); 245, 436 (1984); for a review see M. Basler, Fortschr. Phys. 41, 1 (1993).

[59] V. Moncrief and C. Teitelboim, Physical Review D 6, 966 (1972) [60] M. Pavšič, Class. Quant. Grav. 5, 247 (1988) [61] M. Pavšič, Class. Quant. Grav. 9, L13 (1992)

REFERENCES 357

[62] M. Pavšič, Nuovo Cimento A 108, 221 (1995)

[63] A. Schild, Phys.Rev. D16, 1722 (1977)

[64] A.O. Barut and M. Pavšič, Modern Physics Letters A 7, 1381 (1992)

[65] A.O. Barut and M. Pavšič, Physics Letters B 306, 49 (1993); 331, 45 (1994)

[66] P.A.M. Dirac, Proc. R. Soc. (London) A 268, 57 (1962)

[67] J.L. Synge, Relativity: The General Theory (North-Holland, Amsterdam, 1964)

[68] L.Smolin, Physical Review D 62, 086001 (2000)

[69] M. Gaul and C. Rovelli, Loop Quantum Gravity and the Meaning of Diffeomorphism Invariance, e-Print Archive: gr-qc/9910079; C. Rovelli, The Century of the Incomplete Revolution: Searching for General Relativistic Quantum Field Theory, hep-th/9910131

[70] C. Rovelli and L. Smollin, Nuclear Physics B 331, 80 (1990); Nuclear Physics B 442, 593 (1995); Erratum: Nuclear Physics B 456, 734 (1995);

[71] C. Rovelli and L. Smollin, Physical Review D 52, 5743 (1995)

[72] J.C. Baez, Classical and Quantum Gravity 15, 1827 (1998)

[73] See e.g. Vera C. Rubin, Scientific America 248, 88 (1983); Vera C. Rubin, W. K.

Ford, Jr. and N. Thonnard, The Astrophysical Journa 261, 439 (1982); P. J. E. Peebles, Nature 321,27 (1986)

[74] A. Ashtekar, Physical Review Letters 57, 2244 (1986)

[75] C. Castro, The String Uncertainty Relations follow from the New Relativity Principle, e-Print Archive: hep-th/0001023;

C. Castro, Is Quantum Spacetime Infinite Dimensional?, e-Print Arhive: hepth/0001134;

C. Castro, Chaos, Solitons and Fractals 11, 1721 (2000);

C. Castro and A. Granik, On M Theory, Quantum Paradoxes and the New Relativity, e-Print Archive: physics/0002019

[76] C. Castro, p-Branes as Composite Antisymmetric Tensor Field Theories, e-ptint Archive: hep/9603117;

C. Castro, p-Brane Quantum mechanical Wave Equations, e-Print Archive: hep/th/9812189;

C. Castro, The Search for the Origin of M-Theory: Loop Quantum Mechanics, Loops/Strings and Bulk/Boundary Dualities, e-Print Archive: hep-th/9809102; C. Castro, Chaos, Solitons and Fractals 11, 1721 (2000)

[77] See e.g. M.B. Green, Classical and Quantum Gravity 16, A77 (1999), and references therein

[78] A. Aurilia, A. Smailagic and E. Spallucci, Physical Review D 47,2536 (1993);

A. Aurilia and E. Spallucci, Classical and Quantum Gravity 10, 1217 (1993); A. Aurilia, E. Spallucci and I. Vanzetta, Physical Review D 50, 6490 (1994); S.

358 THE LANDSCAPE OF THEORETICAL PHYSICS: A GLOBAL VIEW

Ansoldi, A. Aurilia and E. Spallucci, Physical Review D 53, 870 (1996); S. Ansoldi, A. Aurilia and E. Spallucci, Physical Review D 56, 2352 (1997)

[79] M. Henneaux, Phys. Lett. B 120, 179 (1983)

U. Marquard and M. Scholl, Phys. Lett. B 209, 434 (1988)

[80] M. Kaku: Introduction to Superstrings, (Springer-Verlag, New York, 1988); J.

Hughes, J. Liu and J. Polchinski, Phys. Lett. B 180, 370 (1986); E. Bergshoeff, E. Sezgin and P. K. Townsend, Phys. Lett. B 189, 75 (1987); 209 (1988); E. Bergshoeff, E. Sezgin and P. K. Townsend, Annals of Physics 185, 330 (1988); M.P. Blencowe and M. J. Duff, Nucl. Phys. B 310, 387 (1988); U. Marquard and M. Scholl, Phys. Lett. B 209, 434 (1988); A. Karlhede and U. Lindström, Phys. Lett. B 209, 441 (1988); M. Duff, Class. Quant. Grav. 6, 1577 (1989); A.A. Bytsenko and S. Zerbini, Mod. Phys. Lett. A 8, 1573 (1993); A. Bytsenko and S. Odintsov, Fortsch. Physik 41, 233 (1993)

[81] J. Hong, J. Kim and P. Sikivie, Phys.Rev.Lett., 69, 2611 (1992)

[82] T. Eguchi, Phys. Rev. Lett. 44, 126 (1980)

[83] S.N. Roshchupkin and A. A. Zheltukhin, On a Possibility of Membrane Cosmology, e-Print Archive hep-th/9607119

[84] J. Schwarz, Lett. Math. Phys. 34, 309 (1995); J.A. Harvey and A. Strominger, Nucl. Phys. B 449, 535 (1995); A. Sen, Phys.Let. B 329, 217 (1994); Nucl. Phys. B 450, 103 (1995)

[85] I.A. Batalin and G. A. Vilkovisky, Nuclear Physics B 234, 106 (1984) G. A.

Vilkovisky, Nuclear Physics B 234, 125 (1984); Hing Tong Cho, Physical Review D 40, 3302 (1989); W. F. Kao and Shih-Yuin Lin, Modern Physics Letters A 13, 26 (1998)

[86] R. Jackiw, The Unreasonable Effectiveness of Quantum Field Theory, 4th Workshop in High Energy Phenomenology (WHEPP 4), Partha Ghose: S.N. Bose National Center for Basic Sciences: Salt Lake, Calcutta 700 064, India, 2–14 Jan 1996, Calcutta, India and Conference on Foundations of Quantum Field Theory, Boston, Mass., 1-3 Mar 1996. In Boston 1996, Conceptual foundations of quantum field theory 148-160, e-Print Archive: hep-th/9602122

[87] I.V. Kanatchikov, On quantization of field theories in polymomentum variables, in: Particles, Fields and Gravitation (Proc. Int. Conf. devoted to the memory of Prof. R. Ra̧czka, Łodz, Poland, Apr. 1998) ed. J. Rembieliński, AIP Conf. Proc. vol. 453 (1998) 356–67, e-Print Archive hep-th/9811016; I.V. Kanatchikov, De Donder-Weyl theory and a hypercomplex extension of quantum mechanics to field theory, Rep. Math. Phys. 43 (1999) 157-70, e-Print Archive hep-th/9810165; I.V. Kanatchikov, Canonical Structure of Classical Field Theory in the Polymomentum Phase Space, Rep. Math. Phys. 41 (1998) 49–90, e-Print Archive hep-th/9709229

[88] M. Pavšič, Foundations of Physics 24, 1495 (1994)

[89] M. Pavšič, Gravitation & Cosmology 2, 1 (1996)

[90] M. Pavšič, Physics Letters A 116, 1 (1986)

REFERENCES 359

[91] I.A. Bandos, Modern Physics Letters A 12, 799 (1997); I. A. Bandos and W.

Kummer, hep-th/9703099

[92] A.Sugamoto, Nuclear Physics B 215, 381 (1983)

[93] R.Floreanini and R.Percacci, Modern Physics Letters A 5, 2247 (1990)

[94] K. Akama, in Proceedings of the Symposium on Gauge Theory and Gravitation, Nara, Japan, (Editors K. Kikkawa, N. Nakanishi and H. Nariai, Springer-Verlag, 1983), e-Print Archive: hep-th/0001113; V.A. Rubakov and M. E. Shaposhnikov, Physics Letters B 125, 136 (1983); 125, 139 (1983); M. Visser, Physics Letters B 167, 22 (1985); E.J. Squires, Physics Letters B 167,286 (1985); G.W. Gibbons and D. L. Wiltshire, Nuclear Physics B 287, 717 (1987)

[95] L. Randall and R. Sundrum, Physical Review Letters 83, 3370 (1999); 83, 4690 (1999)

[96] A. D. Sakharov, Dok. Akad. Nauk. SSSR 177, 70 (1967) [Sov. Phys. JETP 12, 1040 (1968)].

[97] S.L. Adler, Rev. Mod. Phys. 54, 729 (1982), and references therein.

[98] K. Akama, Progr. Theor. Phys. 60, 1900 (1978); 79, 1299 (1988); K. Akama and H. Terazawa, Prog. Theor. Phys. 79, 740 (1988); H. Terazawa, in Proceedings of the First International A. D. Sakharov Conference on Physics, L. V. Keldysh et al., eds. (Nova Science, New York, 1991); S. Naka and C. Itoi, Progr. Theor. Phys., 70, 1414 (1983).

[99] T. Regge and C. Teitelboim, in Proceedings of the Marcel Grossman Meeting (Trieste, 1975)

[100] M. Pavšič, Class. Quant. Grav. 2, 869 (1985); Phys. Lett. A107, 66 (1985); V.

Tapia, Class. Quant. Grav. 6, L49 (1989); D.Maia, Class. Quant. Grav. 6, 173 (1989)

[101] M. Pavšič, Phys. Lett. A116, 1 (1986); Nuov. Cim. A95, 297, (1986)

[102] K. Fujikawa, Phys. Rev. Lett. 42, 1195 (1979); 44, 1733 (1980); Phys. Rev. D 21, 2448 (1980); 23, 2262 (1981); Nucl. Phys. B 226, 437 (1983); 245, 436 (1984); for a review see M. Basler, Fortschr. Phys. 41, 1 (1993).

[103] See e.g. B.S. De Witt, Phys. Reports 19, 295 (1975); S. M. Christensen, Phys. Rev.

D14, 2490 (1976); N. D. Birrell and P.C.W. Davies, Quantum Fields in Curved Space (Cambridge University Press, Cambridge, 1982); H. Boschi-Filho and C. P. Natividade, Phys. Rev. D, 46, 5458 (1992)

[104] G. Dvali, G. Gabadadze and M. Porrati, Physics Letters B 485, 208 (2000)

[105] See e.g. M.B. Green, J. H. Schwarz and E. Witten, Superstrings (Cambridge University Press, Cambridge, 1987); M. Kaku [80]

[106] P.A.M. Dirac, Proc. R. Soc. (London) A 268, 57 (1962); Y. Nambu, Lectures at the Copenhagen Symposium 1970, unpublished; T. Goto, Progr. Theor. Phys. 46, 1560 (1971)

360 THE LANDSCAPE OF THEORETICAL PHYSICS: A GLOBAL VIEW

[107] H. Everett III, Rev. Mod. Phys. 29, 454 (1957); “The Theory of the Universal Wave Function”, in The Many-Worlds Interpretation of Quantum Mechanics, B.S. DeWitt and N. Graham, eds. (Princeton University Press, Princeton, 1973).

[108] K.V. Kuchař, in Proceedings of the 4th Canadian Conference on General Relativity and Relativistic Astrophysics, Winnipeg, Manitoba, 1991, G. Constatter, D. Vincent, and J. Williams, eds. (World Scientific, Singapore, 1992); K. V. Kuchař, in Conceptual problems of Quantum Mechanics, A. Ashtekar and J. Stachel, eds, (Birkhäuser, Boston, 1991); M. Hennaux and C. Teitelboim, Phys. Lett. B 222, 195 (1989); W. Unruh and R. Wald, Phys. Rev D 40, 2598 (1989)

[109] J.A. Wheeler, Review of Modern Physics 29, 463 (1957)

[110] B.S. DeWitt, “The Everett–Wheeler Interpretation of Quantum Mechanics”,, in Battelle Rencontres 1, 318 (1967); Physical Review 160, 113 (1967); Physics Today 23 30 (1970)

[111] J.A. Wheeler, “From Relativity to Mutability”, in The Physicist’s Conception of Nature (Editor J. Mehra, D.Reidel, Dordrecht, 1973); “Is Physics Legislated by Cosmology?”, in Quantum Gravity (Editors C. J. Isham, R. Penrose and D. W. Sciama, Clarendon Press, Oxford, 1975)

[112] D. Deutsch, The Fabric of Reality (Penguin Press, London, 1997)

[113] D. Deutsch, Physical Review D 44, 3197 (1991)

[114] V. P. Frolov and I. D. Novikov, Physical ReviewD 42, 1057 (1990); J. Friedman, M. S. Morris, I. D. Novikov and U. Yurstever, Physical Review D 42, 1915 (1990)

[115] M. Pavšič, Lettere al Nuovo Cimento 30, 111 (1981)

[116] J D. Barrov and F. J. Tipler, The Anthropic Cosmological Principle (Oxford University Press, Oxford, 1986)

[117] R.P. Feynman, The Character of Physical Law (MIT Press, Cambridge, MA, 1965)

[118] C. Rovelli, International Journal of Theoretical Physics 35, 1637 (1966)

[119] J. Butterfield, “Words, Minds and Quanta”, in Symposium on Quantum Theory (Liverpool, 1995)

[120] J. Von Neumann, Mathematical Foundations of Quantum Mechanics (Princeton University Press, Princeton, 1955)

[121] C.F. Von Wezsacker, in The Physicist’s Conception of Nature (Editor J. Mehra, Reidal Publ. Co., Boston, 1973)

[122] E.P. Wigner, in Symmetries and Reflections (Indiana University Press, Bloomington, 1967)

[123] J.A. Wheeler, in The Physicist’s Conception of Nature (Editor J. Mehra, Reidal Publ. Co., Boston, 1973)

[124] M. Tribus and E.C. McIrvine, Scientific American 224, 179 (1971)

REFERENCES 361 [125] D.R. Hofstadter, Gödel, Escher, Bach: an Eternal Golden Braid (Penguin, London, 1980); D. C. Denet and D. R. Hofstadter, eds., The Mind’s Eye (Penguin, London, 1981) [126] R. Rucker, Infinity and the Mind (Penguin, London, 1995) [127] W.H. Zurek, Physical Review D 24, 1516 (1981); 26, 1862 (1982) [128] H.D. Zeh, Foundations of Physics 1 69 (1970); E. Joos and H. D. Zeh, Zeitschrift für Physik B 59, 223 (1985) [129] E. Schrödinger, Naturwissenschaften 23, 807; 823; 844 (1935); see also J. Gribbin, In Search of Schrödinger Cat (Wildwood House, London, 1984) [130] H. Atmanspacher, Journal of Consciousness Studies 1, 168 (1994) [131] J. P. Terletsky, Doklady Akadm. Nauk SSSR, 133, 329 (1960); M. P. Bilaniuk, V. K. Deshpande and E.C. G. Sudarshan, American Journal of Physics 30, 718 (1962); E. Recami and R. Mignani, Rivista del Nuovo Cimento 4, 209 (1974); E. Recami, Rivista del Nuovo Cimento 9, 1 (1986) [132] E. Recami, Physica A 252, 586 (1998), and references therein [133] J.R. Fanchi, Foundations of Physics 20, 189 (1990) [134] D. Hochberg and J. T. Wheeler, Physical Review D 43, 2617 (1991) [135] J. Piaget, The Origin of Inteligence in the Child (Routledge & Kegan Paul, London, 1953) [136] C.W. Misner, K. S. Thorne and J. A. Wheeler, Gravitation, Freeman, San Francisco, 1973), p. 1215 [137] H.A. Kastrup, Annaled der Physik (Lpz.) 7, 388 (1962) [138] A.O. Barut and R. B. Haugen, Annals of Physics 71, 519 (1972) [139] M. Pavšič, Nuovo Cimento B 41, 397 (1977); M. Pavšič, Journal of Physics A 13, 1367 (1980) [140] P. Caldirola, M. Pavšič and E. Recami, Nuovo Cimento B 48, 205 (1978); Physics Letters A 66, 9 (1978) [141] M. Pavšič, International Journal of Theoretical Physics 14, 299 (1975) [142] J. M. Levy-Leblond, Riv. Nuovo Cimento 7, 188 (1977)

Index

Action

first order form, 124 Action

first order

in M-space, 130 minimal surface, 126 Active transformations, 109 Affinity, 4, 168

in M-space, 114 Annihilation operators, 36 Anthropic principle, 310–311 Anticommutation relations

for a fermionic field, 227 Antisymmetric field, 192 Ashtekar variables, 187 Background independent approach, 165 Background matter, 187 Background metric, 257

in M-space, 118 Background of many branes, 259 Bare vacuum, 234 Basis spinors, 78, 201

matrix representation of, 80 Basis vector fields

action, 236 Basis vectors, 59, 77

in M-space, 167, 181, 183, 196 in phase space, 223–224 uncountable set of, 226 Bivector, 56

in phase space, 223 Bosonic field, 230 Bosonic matter field, 281 Bradyon, 310 Brane configuration, 261 Brane, 188, 249–250

in curved background, 249 Bulk, 250, 261 Canonical momentum, 4, 120

for point particle, 5 point particle, 7, 12 Canonically conjugate variables, 288 Casimir effect, 102 Castro Carlos, 201–202 Causal loops, 309–310 Causality paradoxes, 51 Causality violation, 51 Charge current density, 41 Charge density, 41 Charge operator, 42 Charged particle, 61 Classical limit, 25, 207–208 Classical spin, 69 Clifford aggregates, 57, 90, 138 Clifford algebra valued line, 201 Clifford algebra, 55, 59

in M_{(Φ)} -space, 199 Clifford manifold, 200 Clifford number, 57 Clifford numbers, 55, 137 Clifford product, 56

in infinite-dimensional space, 178 Collaps of the wave function, 315, 317, 320–321, 326–328, 333–334, 336 Conformal factor, 267 Consciousness, 317–319, 322, 325, 331, 334, 336 Conservation law, 33, 41 Conservation

of the constraint, 122–123 Constraint, 137, 143

for point particle, 4, 6 Contact interaction, 260, 268 Continuity equation, 18–19, 24–25, 208, 210 Coordinate conditions

in membrane space, 214 Coordinate frame, 27 Coordinate functions

generalized, 199 polyvector, 197 363

364 THE LANDSCAPE OF THEORETICAL PHYSICS: A GLOBAL VIEW

Coordinate representation, 16 Coordinate transformations, 214

active, 108 passive, 107 Coordinates

of M-space, 188 Copenhagen interpretation, 313, 315 Cosmological constant, 93, 278, 282 Covariant derivative, 30, 170

in membrane space, 114 Creation operators, 36

for bosons, 229 for fermions, 228 Current density, 41 Curvature scalar

in M-space, 181 Curvature tensor, 169

in M-space, 181 Dark matter, 187 DeWitt

Dynamical theory in curved spaces, 20 Decoherence, 323, 331 Density matrix, 323–324 Derivative

of a vector, 169 with resepct to a polyvector, 176 with respect to a vector, 173 Diffeomorphism invariance, 107 Diffeomorphisms

active, 108, 186 Dirac algebra, 59 Dirac equation, 77 Dirac field, 231 Dirac field

parametrized

quantization of, 236 Dirac matrices, 83 Dirac–Nambu–Goto action, 125–126 Dirac–Nambu–Goto membrane, 119, 143 Distance, 54, 111

between membrane configurations, 161 Dynamics

in spacetime, 138 of spacetime, 138 Effective action, 272, 275, 277–279, 283 Effective metric, 257, 260 Effective spacetime, 186, 279 Einstein equations, 165, 185, 187, 191 in M-space, 183 Einstein tensor

in M-space, 159 Electric charge density, 150 Electric current density, 150 Electromagnetic current, 60–61 Embedding space, 261 Energy, 50 Energy–momentum operator, 38

Energy–momentum, 35 Equation of motion

for a p-brane, 255 Equations of motion

for basis vectors, 229 Euclidean signature, 87 Everett interpretation, 293 Evolution operator, 19, 206 Evolution parameter, 9, 31, 85, 119, 140, 143, 289, 291 Evolution time, 297–298 Exotic matter, 101 Expectation value, 22, 26, 28, 43, 220 Extrinsic coordinates, 163 Feynman path integral, 19 Feynman propagator, 19 Feynman, 275 Field equation

in M-space, 156 in target space, 156 Field quantization

nature of, 238 Field theory, 31 First quantization

in curved spacetime, 20 in flat spacetime, 16 Fluid

of membranes, 165 Fock space, 242–243 Fractal, 214 Frame field, 170 Functional derivative, 35, 111, 179, 181 covariant, 114 Functional differential equations, 160, 165 Functional transformations, 111 Gödel incompletness theorem, 332 Gödel knot, 321 Gauge condition, 214

in membrane space, 216 Gauge field, 13

in M-space, 146, 155 Gauge fixing relation, 119 Gauge transformation, 13 Generator, 33, 37, 41–42

of evolution, 33 of spacetime translations, 33 Generators

of the Clifford algebra, 87 Geodesic equation, 4, 171, 255

in M-space, 115, 160 Geodesic, 261

as the intersection of two branes, 274 in M-space, 114, 145 Geometric calculus, 167

in M-space, 130, 137 Geometric principle

behind string theory, 107, 145

INDEX 365

Geometric product

in infinite-dimensional space, 178 Gradient operator, 60–61 Grassmann numbers, 90 Gravitational constant

induced, 278 Gravitational field, 100

repulsive, 101 Gravity around a brane, 264 Green’s function, 20, 280

inverse, 280 Gupta–Bleuler quantization, 6 ‘Hamiltonian’ constraint, 123 Hamilton operator, 289

for membrane, 207 Hamilton–Jacobi equation, 25

for membrane, 206 Hamilton–Jacobi functional, 122 Hamiltonian, 33, 38, 52, 71, 84, 94, 100, 121, 242, 296 expectation value of, 234 for membrane, 204 for point particle, 4, 6, 15 in curved space, 23 Harmonic oscillator, 93

pseudo-Euclidean, 94 Heisenberg equation, 38, 46

for Dirac field, 238 Heisenberg equations, 85, 204, 242 Heisenberg picture, 85 Hestenes David, 57 Hidden mass, 187 Higher-dimensional membranes, 107 Historical time, 286 Hole argument, 186 Holographic projections, 200 Howe–Tucker action, 126–127, 130, 274, 276 for point particle, 5 Ideal, 78 Imaginary unit

as a Clifford number, 223 Indefinite mass, 18, 33 Induced gravity, 271, 283–284 Induced metric, 250

on hypersurface, 129 Infinite-dimensional space, 107, 111 Inner product, 55, 58

in infinite-dimensional space, 178 Interaction

between the branes, 252 Interactive term

for a system of branes, 257 Intersection

of branes, 252 Intrinsic coordinates, 163 Invariant evolution parameter, 104 Invariant volume element in membrane space, 113 Kaluza–Klein theory, 69 Kinematically possible objects, 114 Kinetic momentum, 73

for point particle, 13–14 Klein–Gordon equation, 6, 19

in curved spacetime, 25 Local Lorentz frame, 27 Localization

within a space like region, 291 Loop quantum gravity, 166, 202 Lorentz force, 14 Mach principle, 166 Many membrane universe, 161 Many worlds interpretation, 308, 316, 336 Mass

constant of motion, 11, 14 fixed, 4 Matter configurations

on the brane, 263 Matter sheet, 273 Maxwell equations, 60–61, 152 Measure in momentum space, 217 Membrane action

polyvector generalization of, 108 unconstrained, 142 Membrane configuration, 161, 181, 249 spacetime filling, 185 Membrane dynamics, 152 Membrane momentum, 139 Membrane space, 107–108, 130

as an arena for physics, 165 Membrane velocity, 139 Membrane

unconstrained, 203 Membranes

dynamically possible, 114 kinematically possible, 114 unconstrained, 108–109, 222 Metric

fixed, 145 of M-space, 113, 145 Minimal surface action, 272 ‘momentum’ constraints, 123 Momentum operator, 288

for membrane, 207 for point particle, 16 in curved spacetime, 24 Momentum polyvector, 61–62 Momentum representation, 38 Momentum space, 37 Momentum

of the Stueckelberg field, 35 Motion

in 3-space, 5 in spacetime, 9, 18 Multi-particle states

366 THE LANDSCAPE OF THEORETICAL PHYSICS: A GLOBAL VIEW

superposition of, 228 Multivector, 57 Multiverse, 309, 316, 322, 336, 340 Negative energies, 51 Negative energy density, 101 Negative frequencies, 51 n-form field, 192 Negative norm states, 51, 97 Negative signature fields, 101 Null strings, 219 Ordering ambiguity, 207 Outer product, 55, 58

in infinite-dimensional space, 178 Pandimensional continuum, 90, 103, 200 Parallel propagator

prototype of, 164 Parameter of evolution, 298 Parametrized quantum field theory, 52 Passive diffeomorphisms, 107 Passive transformations, 109 Path integral, 272, 275 Pauli algebra, 77 Pauli matrices, 80 Pauli–Lubanski pseudo-vector, 65 p-brane, 119, 188 Phase space action

for point particle, 12 Phase transformations, 41–42 Planck mass, 69 Planck units, 347 Point transformations, 22 Poisson brackets, 33–34, 95, 122 Polymomentum, 68 Polyvector action, 68, 133

for p-branes, 192 in M-space, 195 Polyvector constraint, 76 Polyvector field, 177 Polyvector, 62

in infinite-dimensional space, 178 Polyvectors, 57, 138

in M-space, 132, 197 Position operators

for membrane, 205 Position polyvector field, 177 Position vector field, 177 Predictability, 104 Probability amplitude, 275 Probability current, 18, 208, 210 Probability density, 17, 208, 210, 219 in 3-space, 18 in spacetime, 18 Problem of time, 86, 138, 284, 298 Product

of covariant derivatives, 30 of operators, 27, 29 Propagator, 280

Proto-metric, 183 Proto-vectors, 183 Pseudo-Euclidean signature, 90 Pseudoscalar, 59 Pseudovector, 59 Quantization of gravity, 271 Quantization of the p-brane

a geometric approach, 238 Quantized p-brane, 242 Quantum gravity, 293 Randall–Sundrum model, 264 Reduced action, 135, 137 Reduced density matrix, 325 Reference fluid, 165, 167, 186 Reference system, 165 Relative state, 307, 325 Relativity of signature, 87 Reparametrization invariance, 107 Reparametrizations, 111 Ricci scalar, 277

in M-space, 158 in spacetime, 185 Ricci tensor, 277

in M-space, 158, 181 Riemann tensor, 277 r-vector, 57 Scalar field

real, 229 Scalar fields

in curved spacetime, 277 Scalar product, 66, 177 Schild action, 136, 215 Schrödinger equation, 17, 23, 31, 35, 71, 208–209, 215, 235, 289 Schrödinger equation

for membrane

stationary, 210 in curved spacetime, 24 Schrödinger picture, 85 Schrödinger representation, 205 Schrödinger’s cat, 316, 325 Second quantization, 31

of the polyvector action, 83 Second quantized field, 280 Self-interaction, 258 Self-intersecting brane, 261, 263 Sharp localization, 297 Simultaneity surface, 285 Skeleton space, 164 Source term, 281 Spacetime polyvectors, 193 Spacetime sheet, 271–272, 284

centroid, 289 moving, 295 Spin angular momentum, 61 Spin foams, 202 Spin networks, 202

INDEX 367

Spin, 66 Spinor, 77–78

conjugate, 81 Spinors, 90, 202 Static membrane, 140 Stationary state, 210, 217 Stress–energy tensor, 33, 35, 50, 100, 191, 279 for dust of p-branes, 261 for dust of point particles, 261 for dust, 273 of an extended object, 254 of the membrane configuration, 187 of the point particle, 254 String, 103, 107

space-like, 341 time-like, 341 Stueckelberg action, 70–71, 73–74, 136 for point particle, 8 Stueckelberg field

quantization of, 235 Submanifold, 171 Superluminal disturbances, 339 System of many membranes, 155 System of two scalar fields, 99 System of units

dilatationally invariant, 347 System

of many branes, 257, 260 of many intersecting branes, 256 Tachyon, 14, 309–310, 339–340 Tangent vectors, 131, 171–172 Tangentially deformed membranes, 108 Target space, 156, 163, 195 Tensor calculus

in M-space, 111 Tensors

in membrane space, 114 Test brane, 260 Test membrane, 153 Tetrad, 170 The worldsheet spinors, 195 Time machines, 101, 103, 340 Time slice, 286, 293 Unconstrained action, 135 Unconstrained membrane, 284, 286

Unconstrained theory, 297 Unitarity, 51 Vacuum energy density, 93, 282 Vacuum expectation value

of the metric operator, 243 Vacuum state vector, 243 Vacuum state, 95, 97 Vacuum, 36, 46, 50, 100 Vector field, 174, 176

in M-space, 180 in curved space, 176 in spacetime, 185 Vector

in membrane space, 130 prototype of, 164 Vectors, 55

in curved spaces, 168 Velocity polyvector, 62, 68 Vierbein, 30 Volume element in M-space, 153 Warp drive, 101, 103 Wave function

complexe-valued, 226 of many particles, 37 polyvector valued, 76 Wave functional, 86, 215, 275, 289, 291, 296 packet, 289 Wave packet profile, 43, 228–229 Wave packet, 18, 26, 290, 296

Gaussian, 219, 221, 290 centre of, 291 for membrane, 217 Wedge product

in infinite-dimensional space, 178 Wheeler–DeWitt equation, 86 Wiggly membrane, 211, 284 World line

as an intersection, 295 World sheet polyvector, 194 World sheet, 125, 188

r-vector type, 200 generalized, 199 World surface, 188 World volume, 188 Wormholes, 101, 340 Zero point energy, 93, 103