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Problem 1: Metric determinant

Show that in the ADM decomposition

gµν =

(
−N2 + NaNa Na

Na qab

)
gµν =

(
−1/N2 Na/N2

Na/N2 qab −NaN b/N2

)
(1)

of the spacetime metric, we have
√
−det gµν = |N |

√
det qab.

Problem 2: Extrinsic curvature

a) Show that Kµν is symmetric.

Hint: nµ ∝ ∂µf , with f(Xt(x
a)) = t.

b) Show that Kµν = 1
2Lnqµν .

Hint: Show that 2∇(µnν) = Lngµν .

Problem 3: Spatial diffeomorphism constraint

Show that up to a boundary term

−2

∫
d3xNa∇bP b

a =

∫
d3xP abLNqab (2)

and compute this boundary term explicitly.
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Problem 4: BONUS: Gauß and Codazzi equations

Derive the Gauß equation

R(3)
µνρσ = −2Kρ[µKν]µ + qµ

µ′qν
ν′qρ

ρ′qσ
σ′
R

(4)
µ′ν′ρ′σ′ (3)

and the Codacci equation

R(4) = R(3) +
(
KµνK

µν −K2
)

+ 2∇µ (nν∇νnµ − nµ∇νnν) . (4)
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