arXiv:gr-qc/0608129 v1 29 Aug 2006

1

LEOPOLD ERNST HALPERN AND THE GENERALIZATION OF GENERAL RELATIVITY

JAMES M. OVERDUIN Gravity Probe B, Hansen Experimental Physics Laboratory, Stanford University, Stanford, California 94305, U.S.A.

E-mail: overduin@relgyro.stanford.edu

HANS S. PLENDL Department of Physics, Florida State University, Tallahassee, Florida 32301, U.S.A. E-mail: Plendl@phy.fsu.edu

Leopold Ernst Halpern, who was a close associate of both Erwin Schrödinger and Paul Dirac before making his own mark as a theoretical physicist of the first rank, died in Tallahassee, Florida on 3 June 2006 after a valiant struggle with cancer. We give an outline of his life and work, including his progress towards a unified gauge theory of gravitation and spin.

Keywords: Schrödinger; Dirac; Gravitation; Spin; Unified Theory.

Leopold Ernst Halpern

Leopold was born in 1925 in Vienna, Austria. When Hitler’s armies invaded that country in 1938, he and his parents managed to get on the last available boat to British-controlled Palestine, where the family eked out an existence in the desert near Tel Aviv. Here Leopold attended a public high school, learned Arabic and discovered his love of physics, a development that did not sit well with his parents, who had left everything behind in Austria and told him, “We cannot afford a scientist!” He was stubborn as well as idealistic, as shown by a story that he refused to ride in the armored schoolbus on field trips, insisting instead to be allowed to follow the bus on his bicycle so that he could mingle freely with the local population. When the war ended, he returned to Vienna to become a scientist, a decision that estranged him permanently from his parents, who wanted him to remain behind with them and enter the family accounting business. In his first years in Austria he devoted much of his spare time to helping concentration-camp survivors and returning prisoners of war. Most of his own extended family had been killed in the Holocaust.

Leopold’s scientific career began in experimental solid-state physics. He completed his doctorate at the University of Vienna in 1952 with a thesis on magnetoresistance in bismuth [1-4] and took up a position at Rensselaer Polytechnic

2 Institute in Troy, New York as a Fulbright Scholar (1952-3). Growing dissatisfied with purely experimental work, however, he returned to Vienna to teach himself theoretical physics, concentrating on general relativity (a subject not then taught in Austria). His rapidly growing expertise in this field attracted the attention of 1933 Nobel Laureate Erwin Schrödinger, who invited Leopold to join him as an assistant until his own retirement from active research (1956-9). The two worked together on several projects during this period, none of which stamped Leopold more indelibly than the problem of understanding why gravity is so weak. His response to this challenge was to mount a systematic and unprecedented exploration of the frontier between gravitation and the quantum world, looking for ways in which gravity might have some observable quantum effect. This search took him through a succession of research positions at CERN (1959-60), the Institute of Field Physics at the University of North Carolina, Chapel Hill (1960-1), the Niels Bohr Institute in Copenhagen (1962-3), the Institute for Theoretical Physics at the University of Stockholm (1963-6), the Institut Henri Poincaré in Paris (1966-7), the University of Windsor in Canada (1967-70), the Institute of Fundamental Physics in Kyoto (1970), the Université Libre de Bruxelles (1970-3), the International Centre for Theoretical Physics in Trieste (1973) and the Institute for Theoretical Physics at the University of Amsterdam (1973-4). He investigated such ground-breaking topics as the interaction between classical gravitational fields and quantized matter fields, exotic elementary-particle processes (e.g. the transition of a photon into three photons, gravitational radiation of photons, photon pair creation by gravitational radiation), the sources, detection and intensity of gravitational radiation in the Universe, the possibility of stimulated photon-graviton conversion by electromagnetic fields and its corollary, the gravitational laser or “gaser” [5-34]. In each case, he found that the quantum face of gravity retreated behind a veil of secrecy, largely because the desired signal would be drowned out by noise from competing non-gravitational processes. Leopold’s calculations suggested, for instance, that a suitable gaser would need to stretch from the Earth to the Moon or beyond, and that its construction cost would exceed the combined military budgets of both superpowers – though (he wrote in 1987) it is “questionable whether they would agree to invest in that direction to experience the pleasure of intense gravitational radiation before mutual destruction” [91]. Eventually (as he told us in 2004), he concluded that gravity would never reveal itself in this way, and even began to doubt whether it could be quantized at all. The time was ripe for a new approach to the problem of unification.

The spark for this new approach came in 1974 when Leopold received an offer to take up a position at Florida State University in Tallahassee with the other winner of the 1933 Nobel Prize in physics, Paul Adrien Maurice Dirac. Dirac was to exert an influence on Leopold’s career as strong as that of Schrödinger. Within one year he turned away from the frontier between general relativity and quantum theory, and instead began constructing a new gauge theory of gravitation from scratch: one that would reduce to Einstein’s theory in the appropriate limits, but would also provide

3 a geometrical basis for quantum phenomena such as particle spin. The inspiration for this theory came from Dirac’s demonstration that the equation of motion for spinning particles (the famous Dirac equation) could be expressed in the language of group theory (specifically, in terms of the generators of the de Sitter group). This demonstration suggested to Leopold a way to generalize general relativity by building spin explicitly into the principle of inertia. Paraphrasing Newton, and later Einstein, he summed up his new version of this principle as follows: “A particle — structureless or spinning — moves along the projection of an orbit of the de Sitter group on the de Sitter universe, unless acted on by external forces.” The unified theory of spin and gravitation that grew out of this idea would occupy him for the rest of his career [35-87]. It would take us too far afield to review this work in detail, but we note for interested readers that Leopold expressed the view in early 2006 that the best exposition of his theory was to be found in Ref. 82. Nearly all this research was carried out in Tallahassee, with the exception of visiting positions at the Stanford Linear Accelerator Center in California (1978) and the Universities of Amsterdam (1983) and Stockholm (1985). The potential significance of Leopold’s ideas can be judged by a story from the 1980s, when his visa expired and he received a letter from U.S. immigration authorities warning of possible deportation. A friend who heard of this reported the situation to Nobel Laureate Eugene Wigner, who immediately telephoned the President of the U.S.A. and informed him that unless Leopold received permission to stay in the country, “national science will be set back for years.” Leopold received word that his papers were on the way within hours from the head of the Immigration and Naturalization Service himself.

When asked in 2005 whether his theory had given him any “happiest moments” akin to Einstein’s realization that he could explain the perihelion shift of Mercury, Leopold answered that it had. The greatest of these was the realization that the mathematics of the theory required both “inner” and “outer manifestations” of dynamical variables — i.e., it naturally accounted for both spin and angular momentum (technically, these arise from the existence of left and right invariant vectors of the de Sitter group). A close second was the discovery that the field equations of the theory, when expressed in the form of Einstein’s gravitational field equations (with extra terms), demanded the presence of a positive cosmological constant — i.e., vacuum energy. Leopold regarded the observational detection of dark energy by supernova observers in 1998 as important support for his ideas. He also felt that his theory came closer than Einstein’s to embodying Mach’s principle, in the sense that one could eliminate “sourceless” gravitational fields, because his theory supplied additional source terms in the form of spin currents associated with a Yang- Mills-type gauge field [86]. Finally, influenced by Schrödinger as well as Einstein, Leopold hoped that his theory would enable one to exclude the singular solutions that plague general relativity [87].

After Dirac’s death in 1984, Leopold moved to the Jet Propulsion Laboratory in Pasadena (1986-8), and then back to the Florida State University in Tallahassee, where he remained until 2004. These years brought him into closer contact with the

4

Fig. 1. Leopold Halpern (right) with Remo Ruffini and Pope John Paul II at the Vatican Observatory during the first William Fairbank meeting in Rome, 1990

experimental gravitation community, and in particular with a proposal to test general relativity using ultra-precise gyroscopes in low-earth orbit. Known as Gravity Probe B (GPB), this experiment had its origins in discussions between Bob Cannon, William Fairbank, Leonard Schiff and others at Stanford University. (Fig. 1 shows Leopold at the first William Fairbank meeting in Rome, 1990). Leopold joined GPB as a long-term visitor in 2004 and was an active member of its theory group until the time of his death. This period overlapped with the flight of the experiment itself. The data acquired during this mission is now being analyzed, and will soon provide an answer as to whether general relativity correctly predicts the behavior of spinning test bodies in the gravitational field of the spinning Earth. The GPB experiment will likely also provide the best test for decades to come of extended versions of Einstein’s theory like that conceived by Leopold. Unfortunately, the rapid progress of Leopold’s cancer during his last years prevented him from refining his theory to the point where it could produce an unambiguous numerical prediction for the spin-axis precession of a real test body. The fear that he would leave his life’s work incomplete was a source of far greater anguish to Leopold than the prospect of death itself. He continued to wrestle with the details of his theory until his last day. A notepad on the desk in his office at GPB contains a final page of group-theory calculations ending with the question, “How to generalize?”

5 Leopold’s interests extended far beyond physics. He was the author of fine historical and biographical studies, not only of his mentors Schrödinger and Dirac [88-98] but also of his Dutch colleague Siegfried Wouthuysen [99] and the Austrian pioneer of radioactivity research, Marietta Blau [100-104]. It was the latter work which resulted in Leopold’s nomination to Fellowship in the American Physical Society in 2003.

A passionate environmentalist throughout his life, he was actively engaged locally and globally in preserving the environment and wildlife for future generations. He had a special love for the plains of eastern Africa, where he engaged in such activities as camping beside watering holes for extended periods to monitor the cheetah population. (Nobody knows exactly how many languages he spoke fluently, but they included Swahili.) He fought to preserve the tropical rainforests of Sarawak in Malaysia. In Florida, he became especially attached to the wilderness around the Wakulla river, and introduced many of his colleagues to its wonders. He took pride in his physical condition, and remained active as a swimmer, hiker and climber until his last days. Leopold was a skilled naturopath and traditional healer, becoming the only non-African to be inducted into the African Medicine Man’s Society in honor of the medical care he provided there. He participated in humanitarian projects, such as providing food and medicine to the needy, wherever he lived. Leopold also loved classical music and German poetry, and enjoyed taking part in the activities of the German-speaking community in Tallahassee.

All of these aspects of Leopold’s life can be seen as reflections of his own love of beauty and harmony, and that extends also to his practice as a physicist. In that regard, it is fitting to close with his own words from a tribute to the teacher who influenced him most [98]: “Dirac’s greatest impact on me during my ten years associated with him as a physicist came ... from his conviction that a good theory has to be beautiful. This view helped me liberate myself from the bounds of fashion and made me recognize theoretical physics as an art somewhat akin to music, capable of expressing ideas that are only vaguely perceived in the back of one’s mind, with the mathematical techniques as the instruments.”

Acknowledgments

Leopold, who never married, is survived by a niece, Alisa Lustig of Toronto, to whom we are indebted for remarks and reminiscences, along with friends and colleagues including Ron Adler, Francis Everitt, Bob Jantzen, Kate Kirwin, Hendrik Monkhorst, Zbigniew Oziewicz, Gabriele Plendl, Merwin Rosenberg, Remo Ruffini, Alex Silbergleit, Margot Tuckner and Alka Velenik.

Note about the References

The following papers and preprints, together with Leopold’s correspondence and other documents, will be available to researchers at the archives of the Austrian Academy of Sciences at http://www.oeaw.ac.at/biblio/Archiv/Archiv.html.

6 References [1] K.M. Koch and L. Halpern, “The Corbino effect and the change of resistance in a magnetic field,” Phys. Rev. 82 (1951) 460; err. ibid 85 (1952) 1064 [2] L. Halpern and K.M. Koch, “The Corbino effect and magnetoresistance in bismuth,” Acta Physica Austriaca 5 (1952) 567 [3] L. Halpern, “Alterations of the electric resistance at low temperature induced by Hall currents,” Thesis Universität Wien (1952) [4] L. Halpern, “A relation between the Hall constant and the increase in the electrical resistance of bismuth at low temperatures,” Zeits. Phys. 133 (1952) 524-527 [5] L. Halpern, “Longitudinale Polarisation und Metrik,” preprint, Instut für theoretische Physik der Universität Wien (c. 1958) 4 pp [6] L. Halpern, “On the gravitational forces acting in microscopic regions” (preprint, c. 1960) 12 pp [7] L. Halpern, “On the role of gravitational fields in some elementary particle processes,” Nuovo Cimento 25 (1962) 1239-1269 [8] L. Halpern, “On the structure of the gravitation self interaction,” Bulletin de la Classe des Sciences de l’Academie Royale de Belgique 49 (1963) 226-246 [9] L. Halpern, “On alternative approaches to gravitation,” Ann. Phys. (NY) 25 (1963) 387-399 [10] L. Halpern and B. Laurent, “On the gravitational radiation of microscopic systems,” Nuovo Cimento 33 (1964) 728-751 [11] L. Halpern and B. Laurent, “Experiments with gravitation,” Kosmos Yearbook of the Swedish Physical Society 42 (1964) [12] L. Halpern, “Some aspects of the interaction of a classical gravitational field with a quantized matter field,” Arkiv für Fysik 34 (1967) 539-560 [13] L. Halpern, “On the role of bose statistics at gravitational transitions,” Arkiv für Fysik 35 (1967) 57-69 [14] L. Halpern and B. Jouvet, “On the stimulated photon-graviton conversion by an electromagnetic field,” Annales de l’Institut Henri Poincaré A8 (1968) 25-42 [15] L. Halpern and R. Desbrandes, “A model of the gravitational radiation of solids,” Annales de l’Institut Henri Poincaré 2 (1969) 309-329 [16] L. Halpern, “On possible modifications of the law of gravity,” in GR5, abstracts of the 5th international conference on gravitation and the theory of relativity (Tbilisi University Press, 1968) 85 [17] L. Halpern and M.J. Miketinač, “On the uniqueness of the Møller energy-momentum complex,” Can. J. Phys. 48 (1970) 225-228 [18] S. Deser and L. Halpern, “Self-coupled scalar gravitation,” Gen. Rel. Grav. 1 (1970) 131-136 [19] L. Halpern, “Sources and detection of gravitational radiation of high frequency,” Nature (Phys. Sci.) 233 (1971) 18 [20] L. Halpern, “Modification of the classical gravitational field equations due to a virtual quantized matter field,” in C.G. Kuper and A. Peres (eds), Relativity and Gravitation, proc. international seminar in honor of the 60th birthday of Nathan Rosen, Haifa, Israel (New York: Gordon and Breach, 1971) 195-198 [21] S. Deser and L. Halpern, “Self-coupled scalar gravitation,” in V.P. Shelest, A.E. Levashov, M.F. Shirokov and K.A. Piragas (eds), Gravitation: Problems and Prospects, dedicated to the memory of A.Z. Petrov (Kiev: Naukova Dumka, 1972) 46-51 [22] L. Halpern, “The detection of gravitational waves by electromagnetic oscillators,” Bulletin de la Classe des Sciences de l’Academie Royale de Belgique 58 (1972) 257- 261

7 [23] L. Halpern, “Virtual particles as sources of the gravitational field,” Gen. Rel. Grav.

3 (1972) 405-407 [24] L. Halpern, “On the detection of gravitational radiation by its interaction with electromagnetic fields,” Bulletin de la Classe des Sciences de l’Academie Royale de Belgique 58 (1972) 647-668 [25] L. Halpern, “An approach to a discrete quantum mechanics in closed Riemannian spaces,” Bulletin de la Classe des Sciences de l’Academie Royale de Belgique 58 (1972) 996-1011 [26] L. Halpern, “An approach to a discrete quantum mechanics in closed Riemannian spaces,” Zeits. Naturforschung 28a (1973) 1613-1619 [27] L. Halpern, “Aspects of gravitational collapse,” in K. Bleuler and A. Reetz (eds), proc. Symposium on New Mathematical Methods in Physics and Problems in General Relativity, Bonn (Bonn: Universität Bonn, 1973) [28] L. Halpern, “On the detection of gravitational radiation by its interaction with electromagnetic fields,” in B. Bertotti (ed), Experimental gravitation, proc. international school of physics “Enrico Fermi,” course LVI, Varenna, Italy (New York: Academic Press, 1974) 414-424 [29] L. Halpern, “Limits on terrestrial produced gravitational radiation,” in Y. Choquet- Bruhat (ed), Ondes et Radiations Gravitationnelles, proc. colloques internationaux du Centre National de la Recherche Scientifique, Nr. 220 (Paris: Éditions du Centre National de la Recherche Scientifique, 1974) 373-378 [30] D.M. Capper, M.J. Duff and L. Halpern, “Photon corrections to the graviton propagator,” Phys. Rev. D10 (1974) 461-467 [31] L. Halpern and P. Spindel, “Localized gravitational collapse and the interstellar radiation,” contributed talk at the 7th international conference on general relativity and gravitation, Tel Aviv, Israel (preprint, 1975) 15 pp [32] L. Halpern, “On the limits of terrestrially generated gravitational radiation,” contributed talk at the 7th international conference on general relativity and gravitation, Tel Aviv, Israel (preprint, 1975) 5 pp [33] L. Halpern, “Gravitational interaction with superconducting matter and the nuclear gyroscope experiments,” contributed talk at the 7th international conference on general relativity and gravitation, Tel Aviv, Israel; see J. Wheeler, “Tests of Relativity,” in G. Shaviv and J. Rosen (eds), General Relativity and Gravitation (New York: Wiley, 1975) 328 [34] L. Halpern, “On the gravitational analogue of the magnetic monopole,” presented at the Orbis Sciencia, Coral Gables, U.S.A.; Florida State University preprint FSU HEP 76-11-16 (1976) 23 pp [35] L. Halpern, “An approach to a unified treatment of electromagnetic and gravitational theory emerging from the covariant Dirac equation,” in R. Ruffini (ed), proc. First Marcel Grossmann meeting on general relativity, Trieste, Italy (North-Holland: Elsevier, 1977) 113-117 [36] L. Halpern, “Conclusions from an extended gauge principle of Dirac’s equation,” in K. Bleuler and A. Reetz (eds), proc. symposium on differential geometrical methods in mathematical physics, Bonn, West Germany; Lecture Notes in Mathematics 570 (1977) 355-364 [37] L. Halpern, “Local conformal symmetry in curved spacetime,” abstracts of the Eighth international conference on general relativity and gravitation, Waterloo, Canada (Waterloo: University of Waterloo, 1977) 175 [38] L. Halpern, “Gravitational law and spinning electron equation in a de Sitter symmetric space,” Gen. Rel. Grav. 8 (1977) 623-630

8 [39] L. Halpern (ed), On the measurement of cosmological variations of the gravitational constant, proc. workshop meeting, Tallahassee, U.S.A. (Gainesville: University Presses of Florida, 1978) 116 pp [40] L. Halpern and C. Long, “Two methods for measuring the variation of the gravitational parameter, G, using superconducting technology,” in Ref. [39] pp. 87-92 [41] L. Halpern, “Connections and spinor connections associated with finite groups of transformations,” Revista Brasiliera de Fisica 8 (1978) 465-477 [42] L. Halpern, “Gravitation as a broken group symmetry,” Phys. Rev. Lett., submitted;

Stanford Linear Accelerator Center preprint SLAC-PUB-2166 (July 1978) 6 pp [43] L. Halpern, “Gravitational theories generated by groups of transformation and Dirac’s large number hypothesis,” in J.E. Lannutti and P.K. Williams (eds), Current trends in the theory of fields, symposium in honor of the 75th birthday of P.A.M. Dirac; AIP Conference Proceedings 48 (New York: American Institute of Physics, 1978) 140-152 [44] L. Halpern, “General relativistic gravitation as the theory of broken symmetry of intransitive groups of transformations,” invited talk at the meeting in honor of A. Taub, Berkeley, U.S.A.; Gen. Rel. Grav. 11 (1979) 125-132 [45] L. Halpern, “On group covariant physical laws and gravitation,” in W. Beiglböck, A. Böhm and E. Takasugi (eds), proc. seventh international colloquium and integrative conference on group theory and mathematical physics, Austin, U.S.A.; Lecture Notes in Physics 94 (1979) 379-381 [46] L. Halpern, “Broken symmetry of Lie groups of transformation generating general relativistic theories of gravitation,” Int. J. Theor. Phys. 18 (1979) 845-860; reprinted in E. Tirapegui (ed), Field theory, quantization and statistical physics: in memory of Bernard Jouvet (Dordrecht: Reidel, 1981) 147-159 [47] L. Halpern, “Gauge formalism of the Lie algebra extended to a gauge theory of higher order equivalent to group space gauging,” in L.P. Horowitz and Y. Ne‘Eman (eds), Group theoretical methods in physics, proc. eighth international colloquium, Kiriat Anavim, Israel (Bristol: Adam Hilger, 1980); Annals of the Israel Physical Society 3 (1980) 260-262 [48] L. Halpern, “General relativistic theory of gravitation exhibiting complete group covariance,” Int. J. Theor. Phys. 20 (1981) 297-309 [49] L. Halpern, “On group covariance and spin in a ten-dimensional metric theory,” in J. Keller (ed), Mathematics of the physical space time, proc. symposium, Mexico City, Mexico (Mexico City: Universidad Nacional Autónoma de México, 1981) 24-35 [50] L. Halpern, “A general relativistic theory with true de Sitter covariance,” in R. Ruffini (ed), proc. Second Marcel Grossmann meeting on general relativity, Trieste, Italy (North-Holland: Elsevier, 1982) 121-125 [51] L. Halpern, “On group covariance and spin in gravitational theory,” (preprint, 1980) 8 pp; presented at the international conference on differential geometric methods in mathematical physics, Clausthal, Germany (July 1980) and at the 9th international conference on general relativity and gravitation, Jena, Germany (July 1980) [52] L. Halpern, “Generalizations of gravitational theory based on group covariance,” in A.R. Marlow (ed), proc. P.A.M. Dirac symposium, Loyola University, New Orleans, U.S.A.; Int. J. Theor. Phys. 21 (1982) 791-802 [53] L. Halpern, “Group covariance and spin motion in gravitational theory,” in L.L. Boyle and A.P. Cracknell (eds), proc. tenth international colloquium on grouptheoretical methods in phsics, University of Kent at Canterbury, England; Physica 114A (1982) 146-150 [54] L. Halpern, “Recent formulation of Dirac’s large number hypothesis,” in Riazuddin

9 and A. Qadir (eds), Physics and Contemporary Needs, vol. 5, proc. fifth international summer college, Nathiagali, Pakistan (New York: Plenum Press, 1983) 549-554 [55] L. Halpern, “A truly de Sitter covariant generalization of general relativity,” in Riazuddin and A. Qadir (eds), Physics and Contemporary Needs, vol. 5, proc. fifth international summer college, Nathiagali, Pakistan (New York: Plenum Press, 1983) 555-566 [56] L. Halpern, “On group covariance and spin motion in gravitational theory,” in G. Denardo and H.-D. Doebner (eds), proc. conference on differential geometric methods in theoretical physics, Trieste, Italy (Singapore: World Scientific, 1983) 289-291 [57] L. Halpern, “Generalizations of gravitational theory based on group covariance,” in K. Kikkawa, N. Nakanishi and H. Nariai (eds), proc. international symposium on gauge theory and gravitation, Nara, Japan; Lecture Notes in Physics 176 (1983) 26-30 [58] L. Halpern, “Group covariance and metrical theory,” in H. Ning (ed), proc. Third Marcel Grossmann meeting on general relativity, Shanghai, China (North-Holland: Elsevier, 1983) 927-931 [59] L. Halpern, “Manifestations of group covariance in a metric theory,” Found. Phys. 13 (1983) 297-310; reprinted in A.O. Barut, A. van der Merwe and J.-P. Vigier (eds), Quantum, space and time – the quest continues: studies and essays in honour of Louis de Broglie, Paul Dirac and Eugene Wigner (Cambridge: Cambridge University Press, 1984) 547-560 [60] L. Halpern, “On complete group covariance without torsion,” in S.M. Christensen (ed), Quantum theory of gravity: essays in honor of the 60th birthday of Bryce S DeWitt (Bristol: Adam Hilger, 1984) 463-474 [61] L. Halpern, “On group covariance and the law of motion in a generalized metric theory,” in G. Denardo, G. Ghirardi and T. Weber (eds), proc. XIIth international colloquium on group theoretical methods in physics, Trieste, Italy; Lecture Notes in Physics 201 (1984) 183-185 [62] L. Halpern, “A geometrical theory of spin motion,” Int. J. Theor. Phys. 23 (1984) 843-862 [63] L. Halpern, “A physical interpretation of the geometry of some semisimple Lie groups,” contributed talk at the XIIIth international colloquium on group theoretical methods in physics, College Park, U.S.A.; see W.W. Zachary (ed), proc. XIIIth international colloquium on group theoretical methods in physics, (Singapore: World Scientific, 1984) 601 [64] L. Halpern, “On the unification of the law of motion,” invited article for volume in honor of N. Rosen, Found. Phys. 14 (1984) 1011-1026 [65] L. Halpern, “Spin as a mode of free motion,” (preprint, c. 1985) 4 pp [66] L. Halpern, “Equivalence of the degrees of freedom in a unified gravitational theory,” in A.R. Marlow (eds), proc. third Loyola conference on quantum theory and gravitation, New Orleans, U.S.A.; Int. J. Theor. Phys. 25 (1986) 599-616 [67] L. Halpern, “Equivalence of spin and angular momentum in a unified theory,” in R. Ruffini (ed), proc. Fourth Marcel Grossmann meeting on general relativity, Rome, Italy (North-Holland: Elsevier, 1986) 1233-1245 [68] L. Halpern, “On the arrival time of spinning massless particles propagating through a gravitational field,” in D.G. Blair, M.J. Buckingham and R. Ruffini (eds), proc. Fifth Marcel Grossmann meeting on general relativity, Perth, Australia (Singapore: World Scientific, 1989) 1143-1147 [69] L. Halpern, “Gravitational lenses for radiation of long wave-length,” abstracts of the

10 12th international conference on general relativity and gravitation, Boulder, U.S.A. (1989) 449; see B.J. Carr, “Astrophysical and observational cosmology,” in N. Ashby, D.F. Bartlett and W. Wyss (eds), General relativity and gravitation (Cambridge: Cambridge University Press, 1990) 264 [70] L. Halpern, “Zeropoint energy and the quest of complete gravitational collapse,” in H. Sato, T. Nakamura and R. Ruffini (eds), proc. Sixth Marcel Grossmann meeting on general relativity, Kyoto, Japan (Singapore: World Scientific, 1992) 1378-1379 [71] L. Halpern, “Unified description of spin and angular momentum in a higherdimensional theory,” in H. Sato, T. Nakamura and R. Ruffini (eds), proc. Sixth Marcel Grossmann meeting on general relativity, Kyoto, Japan (Singapore: World Scientific, 1992) 1380-1381 [72] L. Halpern, “Spinning particles and the manifold of the anti-de Sitter Group,” proc.

third Korean-Italian symposium on relativistic astrophysics, J. Korean Physical Society 25 (1992) 224-229 [73] L. Halpern, “The gauge theory of the geometry of space-time and the general theory of relativity,” in P.W. Lamberti and O.E. Ortiz (eds), abstracts of the 13th international conference on general relativity and gravitation, Cordoba, Argentina (1992) 175 [74] L. Halpern, “Three ways how quantum physics may modify general relativity in certain limits,” in M. Demianski and C.W.F. Everitt (eds), Relativistic gravitational experiments in space, proc. first William Fairbank meeting, Rome, Italy (Singapore: World Scientific, 1993) 474-479 [75] L. Halpern, “Unified theory of spin and angular momentum,” in Z. Oziewicz, B. Jancewicz and A. Borowiec (eds), Spinors, twistors, Clifford algebras and quantum deformations, proc. second Max Born symposium, Wroclaw, Poland (Dordrecht: Kluwer, 1993) 365-370 [76] L. Halpern, “Geometrical structure of gravitation and matter fields,” Int. J. Theor.

Phys. 33 (1994) 401-424 [77] L. Halpern, “Matter and geometry in a unified theory,” in J. Keller and Z. Oziewicz (eds), proc. XXIIth international conference on differential geometric methods in theoretical physics, Ixtapa-Zihuatanejo, Mexico (Mexico City: Universidad Nacional Autónoma de México, 1994) 291-296; Found. Phys. 24 (1994) 1697-1703 [78] L. Halpern, “Geometry gravitation and matter in extreme limits,” in R.T. Jantzen, G.M. Keiser and R. Ruffini (eds), proc. Seventh Marcel Grossmann meeting on general relativity, Stanford, U.S.A. (Singapore: World Scientific, 1996) 373-376 [79] L. Halpern, “On the cosmic limits of physical laws,” in W.G. Tifft and W.J. Cocke (eds), Modern mathematical models of time and their applications to physics and cosmology, proc. international conference, Tucson, U.S.A. (Dordrecht: Kluwer, 1997); Astrophys. Sp. Sci. 244 (1996) 263-268 [80] L. Halpern, “An alternative KK theory and black hole formation,” in T. Piran and R. Ruffini (eds), proc. Eighth Marcel Grossmann meeting on general relativity (Singapore: World Scientific, 1999) 520-522 [81] L. Halpern, “On generalizations of the gravitational interaction,” in A. Borowiec, W. Cegla, B. Jancewicz and W. Karwowski (eds), Theoretical physics fin de siècle, proc. XII Max Born symposium, Wroclaw, Poland; Lecture Notes in Physics 539 (2000) 318-319 [82] L. Halpern, “From Dirac’s de Sitter equation to a generalization of gravitational theory,” Int. J. Theor. Phys. 40 (2001) 243-250 [83] L. Halpern, “Spin in a higher-dimensional gravitational theory,” in V.G. Gurzadyan, R.T. Jantzen and R. Ruffini (eds), proc. Ninth Marcel Grossmann meeting on general

11 relativity, Rome, Italy (Singapore: World Scientific, 2002) 1073-1077 [84] L. Halpern, “Equations with intrinsic rotation in gravitational theory,” in R. Ruffini and C. Sigismondi (eds), Nonlinear gravitodynamics: the Lense-Thirring effect, proc. third William Fairbank meeting, Rome, Italy (Singapore: World Scientific, 2003) 70- 73 [85] L. Halpern, “The extension of simple groups and gravitational theory,” in J.M. Salim, S.E.P. Bergliaffa, L.A. Oliveira and V.A. De Lorenci (eds), Inquiring the universe: essays to celebrate Professor Mario Novello jubilee (Frontier Group, 2003) 63-73 [86] L. Halpern, “Gravitational theory related to simple invariance groups,” in M. Novello, S. Perez-Bergliaffa and R. Ruffini (eds), proc. Tenth Marcel Grossmann meeting on general relativity, Rio de Janeiro, Brazil (Singapore: World Scientific, 2004) 1430- 1433 [87] L. Halpern, “From reminiscences to outlook,” in H. Baer and A. Belyaev (eds), proc. Dirac centennial symposium, Tallahassee, U.S.A.; Int. J. Mod. Phys. A19, Supplement (2004) 23-37 [88] L. Halpern, “P.A.M. Dirac about Kapitza,” unpublished notes based on discussions with P.A.M. Dirac (1984) 3 pp [89] L. Halpern, book review of A. Dick, G. Kerber and W. Kerber (eds), Erwin Schrödinger: collected papers (4 vols), in Found. Phys. 17 (1987) 321-327 [90] L. Halpern, “Assistent in Wien,” in G. Kerber, A. Dick and W. Kerber (eds), Dokumente, Materialen und Bilder zur 100. Wiederkehr des Geburtstages von Erwin Schrödinger (Vienna: Fassbaender, 1987) 137-139 [91] L. Halpern, “Erwin Schrödinger’s views on gravitational physics during his last years at the University of Vienna and some research ensuing from it,” Found. Phys. 17 (1987) 1113-1130 [92] L. Halpern, “Observations on two of our brightest stars,” in K. Bleuler and M.

Werner (eds), proc. 16th international conference on differential geometrical methods in theoretical physics, Como, Italy; NATO ASI Series C 250 (Dordrecht: Kluwer, 1988), 463-471 [93] L. Halpern, “On distorsions of a virtual image of Erwin Schrödinger,” submitted to Nature (preprint, 1989) 5 pp [94] L. Halpern, book review of W. Moore, Schrödinger: Life and Thought, in Found.

Phys. 20 (1990) 1253-1263 [95] L. Halpern, “Aus dem wissenschaftlichen und humanistischen Gedankenkreis Schrödingers in seinen letzten Jahren,” Zeitschrift für Wissenschaftsforschung 6 (1991) 127-134 [96] L. Halpern, “On the scientific and humanistic thinking of Erwin Schrödinger during his last years,” in J. Götschl (ed) Erwin Schrödinger’s world view: the dynamics of knowledge and reality (Dordrecht: Kluwer, 1992) 109-114 [97] L. Halpern, “Remembering Schrödinger,” in J. Götschl (ed) Erwin Schrödinger’s world view: the dynamics of knowledge and reality (Dordrecht: Kluwer, 1992) 169- 171 [98] L. Halpern, “Paul Adrien Maurice Dirac (1902-1984)” Found. Phys. 15 (1985) 257- 259 [99] L. Halpern, “Siegfried A. Wouthuysen,” Physics Today 50 (1997) 89 [100] L. Halpern and M.M. Shapiro, “Marietta Blau, pioneer of the nuclear emulsion technique” (preprint, c. 1991) 11 pp [101] L. Halpern, “Marietta Blau (1894-1970),” in L.S. Grinstein, R.K. Rose and M.H. Rafailovich (eds) Women in chemistry and physics: a bibliographic sourcebook

12 (Westport, Connecticut: Greenwood Press, 1993) 57-64 [102] L. Halpern, “Marietta Blau: discoverer of the cosmic ray ‘stars’,” in M.F. Rayner- Canham and G.W. Rayner-Canham (eds), A devotion to their science: pioneer women of radioactivity (Philadelphia: Chemical Heritage Foundation, 1997) 196-204 [103] L. Halpern, book review of R. Rosner and B. Strohmaier (eds), Marietta Blau - stars of disintegration (preprint, 2004) 2 pp [104] L. Halpern and M.M. Shapiro, “Marietta Blau (1894-1970),” in N. Byers and G. Williams (eds), Out of the shadows: contributions of twentieth-century women to physics (Cambridge: Cambridge University Press, 2006) 109-126