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To hand in Friday 5th December in the examples class

I. Fefferman-Graham expansion

Consider the (d+ 1)-dimensional AdS metric in the form

ds2 = L2

(
dρ2

4ρ2
+

1

ρ
gij(x, ρ)dxidxj

)
. (1)

Consider a scalar field in this space with boundary expansion

Φ(x, ρ) = ρ(d−∆)/2φ(x, ρ) , (2)

φ(x, ρ) = φ(0)(x) + ρφ(2)(x) + ρ2φ(4)(x) + . . . . (3)

a) Derive the equation of motion for the scalar φ(x, ρ). (2 points)

b) Using the equation of motion, show that

φ(2)(x) =
1

2(2∆− d− s)
�(0)φ(0)(x) . (4)

(3 points)

II. Penrose-Brown-Henneaux Transformation

Show that, when transforming the metric

ds2 = L2dρ
2

4ρ2
+

1

ρ
gµνdx

µdxν (5)

according to the Penrose-Brown-Henneaux diffeomorphism

ρ = ρ′(1− 2σ(x′)) xµ = (x′)µ + aµ(x′, ρ′) (6)

and demanding that
g′55 = g55 and g′µ5 = gµ5 , (7)

one obtains

∂5a
µ =

L2

2
gµν∂νσ (8)

and

gµν → gµν + 2σ

(
1− ρ ∂

∂ρ

)
gµν +∇µaν +∇µaν . (9)

Note that the index 5 stands for the ρ direction. Explain why this transformation
induces a Weyl transformation at the boundary. 5 points


