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Special and General Relativity (PHZ 4601/5606) Fall 2018
Set 6
16. Four-dimensional Levi-Civita tensor.

(1) The tensor ¢*#79 is zero unless a3yd is a permutation of the numbers
1234. Therefore,

€afrys = (_1)3604575 — _eaﬁfy&.

(2) We have 60‘571516&,@7252 = 0 unless either v; = 5, §1 = d2 or 1 = 09,
01 = 72 or (otherwise one of the already used numbers will be repeated by
a or B of the sums). Therefore,

afy282 Y2 § 02 02 § V2
€afry; 61 € —0,571 551 —s—bém (551

holds. With no summation in the permutation indices m; to w4 the con-
stants follow from

afmams TAT T2 T3 TIT4T2T3 9
€afmoms € = €mymimams€ + Enymamoms€ =-2= a,

affmamy T4 T3T2 TMIT4AT3T2 —
€afmoms€ = € mymams€ + €xymymams€ =42=5b.

(3) We have eaglyl(;leo‘ﬂ”?&? = 0 unless By7202 is a permutation of S1710;.
There are six such permutations, so that the results is a sum of the form

€apims, eP2y202 a1 5[52 57’172 56(132 +ay 5[3’;/2 57512 66,182 +as (5[;1257[132 66?2
+ b1 652 8,02 651 4 by 0502012657 + by 0,176,265,
where it follows from (no summation) €, ryrgm € 7273™ = —1 that a; = —1
and b; = 1 holds for i = 1,2, 3.



