MTHG6132, Relativity

Solutions to Problem Set 5

Rodrigo Panosso Macedo
1. [8 points]

Vy® = 9,®, Define the scalar according to scalar product ® = V, W ¢

Vb(%Wa) = ab(VaW“) Use Leibniz rule

(VbVa)Wa +V, (VbWa) = (81,‘/:1) + Va(abW“) Use covariant derivative of contravariant vector
——

pWae4Ta ,We
(vaa)Wa —I—W—l— Fﬂ‘;gvﬁ,cwf = (abVa) —I—W Re-label dummy indices a — ¢, ¢ = a
(vaa — OV, + FcabVC> W® =0 Factor out generic vector W¢
Vb‘/a = ab‘/;z - I_‘cab‘/c-
2. [10 points| Given V*T,, = 0 and T,, symmetric and

V(aXb) = (0 Definition of symmetry operation — see problem set 3
(VoXp + Vo Xa) /2 =0
V. Xp = =V X,.

Thus V,X, is anti=symmetric. Let V, = T,,X?, then

v, v (TabXb) Use Leibniz rule

0 0
= (V) X'+ T (vex
S Tic Anti-symmetric

Symmetric/Anti-symmetric contraction — see problem set 3

3.[4 points]
(a) VaS® = 0uS" + aaS% — T%aS
(b) Use expression above for Sp¢ = ,°

c 0 c d d c
AV :W—l— [€300% — I'%0%,  6,¢ is either 1 or 0. Derivative vanishes; Use Delta definition
Va(sbc = Fcba - 1—‘cba =0

1 1 1 1
(b) Dimensions 4, a = 1-od =6, =84+ 675+ 587+ 647 = 4.
Notice that §,* correspond to the trace of the identity matrix. Therefore 6,% = d,

with d the dimension of the matrix.
4. [8 points] See lecture notes: Geodesic equation
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