Problem set 1 FYS9130 — Week 35

1. Variation of action

An action integral is given by
M 2
S = / d'z/=g (TPR + .Cm) (1)

where £,, = —}lF‘“’FW = —%g“ag”ﬁFagFW and F,, = A,, — A, depends
only on the field A, and not the metric g,,.

a) Show that when variating the action with respect to the metric g, the
resulting equations of motion are

1
MJEEMV = EwcFya - Zg,w/FaﬁFaﬁ (2)

b) Show that when variating the action with respect to the field A, the
resulting equations of motion are the source-free Maxwell equations

v, =0 (3)
2. Variation of Riemann tensor
Show that
5Rauﬂl/ = (HWW;[? - 5Fauﬁ;v (4)
3. Contracted Bianchi identities
Use the Bianchi identity
Rw[pJ;T] =0 (5)
and that for a symmetric tensor S, we have
S/W;aﬂ - S;w;ﬂa = SNURUVaﬁ + SauRouaﬁ (6)

to find
a) R/ﬂ/pa;u — Rua;p _ Rup;a
b) R, = LRw
c) Rov#, = LR*% 4 R RS — R, RO
d) Reevd = 0ORY — JRP — RRP + R, ROWY
¢) R",, =30R

4. Extra problem

Prove equation (6).



