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Abstract

One of the most interesting and problematic features of Einstein’s general theory of relativity is the invariance of the equations of motions under charges of parameterisation. It has long been noted that this reparamterisation invariance means that the canonical formulation of the theory will be a constrained theory with the Hamiltonian itself acting as a constraint. The standard route towards quantization for such a theory is then taken to be the application of Dirac’s theory of constraints. However, making such a move with respect to  reparamterisation invariant theories of mechanics has been criticised in general on the grounds that it is taken to lead to the seemingly nonsensical classification of temporal change as unphysical gauge. In particular, Dirac’s theorem that all primary first class constraints are gauge generating is argued to be inapplicable within theories where the Hamiltonian itself is such a constraint since this will render temporally distinct states physically identical and observable functions changeless. Modern treatments of mechanics and constrained Hamiltonian theory in terms of symplectic and presymplectic geometry shed considerable light on this classical problem of time but at the cost of much technical sophistication. The purpose of this short paper is to provide a bridge between these advanced geometric ideas and more familiar constructions of time, mechanics and general relativity by first giving a concise description of the necessary mathematics and then investigating the point of controversy in context of non-relativistic reparameterisation invariant mechanics. Primarily, it will be argued that the traditional Dirac methodology for removing the degeneracy associated with a constraint can be understood in terms of a process of reduction from a presymplectic to a symplectic phase space manifold. The application of this reduction to the reparameterisation invariant theory in question will then be seen to be unnecessary; since the degeneracy involved is of a benign form; and inappropriate; since it will lead to trivial theory. The key question can then be taken to hinge around how to sensibly represent change within such unreduced constrained theories. A number of possible solution will be investigated and we will conclude by considering the relevance of our discussion both to the full theory of general relativity and to prospective canonical approaches towards establishing a theory of quantum gravity. 
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