
Physics 451 – Problem Set # 2

(due Tuesday, March 11)

1. Starting from the formulation of Einstein’s gravity in terms of vierbein and spin con-
nection, show explicitly that the constraint T a

mn = 0 leads to

Γp
mn =

1

2
gpq [∂mgnq + ∂ngmq − ∂qgmn] (1)

Introduce the linearization
gmn = ηmn + hmn (2)

and show that, at the linearized level, hmn obeys

∆kl;mnhmn = 0 , (3)

where

∆kl;mn = −∂2 (ηkmηln + ηkmηln) + (∂k∂mηln + ∂l∂mηkn + ∂k∂nηlm + ∂l∂nηkm)

−2 (∂k∂lηmn + ∂m∂nηkl) + 2ηklηmn∂
2 (4)

2. From the expression for the torsion in 4d supergravity and the transformation laws for
ea

m and ψm, show explicitly that

δωmbc =
κ

2
ema

[
ξ†σcψab + ξ†σbψca − ξ†σaψbc

+ψ†
abσcξ + ψ†

caσbξ − ψ†
bcσaξ

]
(5)

where ψab = em
a e

n
b (Dmψn − Dnψm). Account explicitly for the SUSY variations of all

of the vierbeins that appear in the analysis.

3. Solve the Rarita-Schwinger equation in d dimensions

γklm∂lψm = 0 (6)

for waves propagating in the 3̂ direction: p = (p, 0, 0, p, 0, . . . , 0). Show that there are
exactly (d− 3) solutions.

4. In 11-dimensional supergravity, the SUSY transformations are given, at the linearized
level, by

δξe
a
m = −iκξγaψm

δξψm =
2

κ
Dmξ +

√
2i

144
[γpqrs

m − 8γqrsep
m]Gpqrsξ

δξCmnp =
3√
2
ξγmnψp] (7)

where Gpqrs is the field strength of Cpqr. Using an analysis similar that given in the
lecture notes for the case of 5 dimensions, show that the SUSY commutators close at
the linearized level.
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