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Problem 1: Constraint algebra

Show that the Hamiltonian and spatial diffeomorphism constraints

n o= PP, — Lp2) - Vg (1)
V4 2 2K

He = _2QchbeC (2)

satisfy the hypersurface deformation algebra
{HIM], H[NT} = Ha |¢™ (MON — N9, M) (3)
{HIM], Ha[N]} = —H [Ln M] (4)
{Ha[M], Ha[N®]} = —Hao [CyM?]. (5)

Hint: For (3), use that

OR®) = =R 64ar — 4" (Ve V 0qa) + (VOV 64ap). (6)

For the other Poisson brackets, use the properties of the Lie derivative generated by H,,.
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Problem 2: BONUS: Variational identifies

For general spatial dimension D, show that
0R"P) = —R(D84ay — 4" (Ve V qa) + (VOV"64ar) (7)
and
5(VeV°®) = ~(VT"0)3a0, + (VeV°) — (V78)(V*50s) + 54 (V@) (Voda) (3)
where ® is a scalar field so that V.® = 9.9 is a co-vector.

Hint: Show that 1
oIy, = iqu (Vagab + Vidda — Vagan) (9)

and
R4 = 2V ,0T5 . (10)



