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Solutions for problem sheet 2: AdS
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so indeed we confirm,
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Now to compute the induced metric. Firstly,
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and,
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and continuing,
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which is what we wanted to show. Phew.



2. So taking,
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we must compute,

1
I 5= 590D (0agBD + OBgap — Opgan)

Thus,

1

I = =97 (0.9-.
== 597 (0:9:2)

122 2
—éﬁ@(ﬁ)

1

z

and,

I o _gzz (_8zg;w>

122 0?
Z—éﬁ@(zﬂw)

= +;nMV

and,

1

s 2w 5.9“0[ (azguoz)

122 02
_ 22 puay [
(o)
_ L
Z 14

Due to the symmetries all other components vanish.
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3. Consider a particle at fixed spatial location. Then the tangent vector to its
worldline v oc &/0t, and using proper time parameterization, so v4 = dz*/dr
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so that v? = gy (v")? = —1.
Now the acceleration is,
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Thus we see the acceleration of the trajectory is in the negative z sense, ie.
towards the conformal boundary. If the force providing the acceleration were
switched off, and the particle subsequently followed a geodesic, this would
therefore be away from the boundary to larger z. Then the norm is,
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which is indeed constant and so independent of the position of the particle.

4. Consider a spacelike curve in Poincare AdS in a constant t slice. Let
us parameterize the curve using the z coordinate. For simplicity assume the
curve is monotonic in z - if this gives an infinite result it will obviously be true
for any curve even if it is not monotonic. Then, it has tangent v = dxz?/dz.
Since it is in a constant ¢ slice, v* = dt/dz = 0. The length of a curve is,
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where we assume the curve starts at z = 0 and ends at z = €. Now we have,
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Hence the distance is,
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This diverges at the low limit of the integral (ie. the boundary) giving an
infinite result.

> 0.

5. The geodesic curves in,
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and just the same as for (d + 1)-Minkowski,
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for constants a4 and b4 with naga’a® = 0 so that the tangent v* =

dz?/d\ = a” is null. Then X is an affine parameter for the geodesic. Note
that if a* # 0 we can always choose the affine parameter to be A = z, in
which case a®* = 1 and b* = 0.

Thus these are also the null geodesics in Poincare-AdS. We see immedi-
ately that such curves reach the boundary z = 0 at finite coordinate ¢ given
explicitly by ¢ = a’ (=) + b".

Showing the affine parameter is finite is less obvious. Certainly the affine
parameter in ¢’ is just A = —b*/a* when the curve hits z = 0. However
the affine parameter in ¢’ is not the same as for g. Let us call the affine
parameter in AdS «, and the tangent u* = dx?/da then for a null geodesic
we will have,
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and so,
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so that,
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for some constant ¢, and then,
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for a constant b. Hence as z — 0 we must have a — 0o0. So indeed the affine
parameter of the null geodesic diverges at the boundary.

6. We take ¢ = e f(z). Then,
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as required, given ¢ = e f(2).



