Quantaloids describing propagation of physical properties

Bob Coecke^∗

The base of this talk lies in the physical duality between the state space and property lattice representations of a physical system (Piron 1976), its formulation as a categorical equivalence (Moore 1995, 1997, 1999) and its extension to a duality of quantaloids of so called ‘operational resolutions’ (Amira et al. 1998, Coecke and Stubbe 1999a, 1999b). In particular, since the lattice meet in a property lattice is semantic conjunction (Piron 1977), temporal causation is a meet preserving map f^∗ : L_2 → L_1 between property lattices, with a_1 = f^∗(a_2) being the cause of a_2 in L_1 , that is, the weakest property in L_1 whose actuality guarantees the actuality of a_2 in L_2 (Faure et al. 1995, Coecke 1999, Moore 1999). Its join preserving Galois dual is then a map describing the propagation of ‘certainly true properties’. Exploiting this fact leads to a duality of quantaloids, relating on the one hand these conjunction preserving maps, encoding temporal causation, and on the other the join preserving maps, encoding propagation of properties. On another level, the existing duality between the state space description and the property lattice description of a system, formulated here as an ‘operational resolution’, leads to the consideration of the propagation of states and ‘actuality sets’, i.e., collections of properties in which at least one property is actual. Again, a duality of quantaloids emerges naturally, this time relating property propagation with state propagation. Ultimately, this construction, exhibiting the subtle relation between ‘possible state propagation’ and ’certain property propagation’, shows the advantage of categorical methods in the study of non-classical physical systems.

References

[1] C. Piron, Foundations of Quantum Physics, W. A. Benjamin, Inc (1976).

[2] C. Piron, The Logic of Quantum Logic, J. Phyl. Logic 6 (1977), 481.

[3] K.I. Rosenthal, Free Quantaloids, J. Pure Appl. Alg. 77 (1991), 67.

[4] Cl.-A. Faure, D.J. Moore and C. Piron Deterministic Evolutions and Schrödinger Flows, Helv. Phys. Acta 68 (1995), 150.

[5] D.J. Moore, Categories of Representation of Physical Systems, Helv. Phys. Acta 68 (1995), 658.

[6] D.J. Moore, Categorical Structures in Physics, Int. J. Theor. Phys. 37 (1995), 121.

∗The author is Post-Doctoral Researcher at Flanders’ Fund for Scientific Research. Joint work with David J. Moore and Isar Stubbe.

[7] H. Amira, B. Coecke and I. Stubbe, How Quantales Emerge by Introducing Induction within the Operational Approach, Helv. Phys. Acta 71 (1998), 1747.

[8] B. Coecke, Structural Characterization of Compoundness, to appear in Int. J.

Theor. Phys. (1999).

[9] B. Coecke and I. Stubbe Operational Resolutions and State Transitions in a Categorical Setting, Found. Phys. Lett. 13 (1999a), 2.

[10] B. Coecke and I. Stubbe State Transitions as Morphisms for Complete Lattices, to appear in Int. J. Theor. Phys (1999b).

[11] D.J. Moore, Fundamental Structures in Physics: a Categorical Approach, to appear in Int. J. Theor. Phys. (1999).