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Abstract: The solutions of Dirac's constraint equations in the 3+1 formulation of Einstein's 
equations in general relativity form a coisotropic subvariety in the cotangent bundle of a 
space of metrics on a 3-dimensional manifold.  This situation resembles that for the zero 
set of a momentum map for a hamiltonian action, but the formalism does not work when 
one tries to use the group Diff(M) of diffeomorphisms of a space-time M as the symmetry 
group.  What seems to be more relevant for this problem is the groupoid DH(M) of 
diffeomorphisms between all pairs of hypersurfaces in M. Christian Blohmann 
(Regensburg), Marco Cezar Fernandes (Brasilia), and I have found several groupoids and 
Lie algebroids related to DH(M) which reproduce the Poisson brackets between Dirac's 
constraint functions. In these lectures, I will give introductions to the variational and 
hamiltonian formulations of the Einstein equations and to the theory of Lie algebroids and 
Lie groupoids, after which I will describe the use of symmetry groupoids and their Lie 
algebroids in relativity.
  





















Dirac wrote, "I am inclined to believe...that four-dimensional symmetry is not a 
fundamental property of the physical world."   

Pirani, writing about Dirac's paper in Mathematical Reviews, writes, "This 
reviewer finds it difficult to concur".




