Derivation of the Epsilon-Delta Relationship

By Tom Irvine
Email: tom@vibrationdata.com

January 6, 2015

The following is based on a homework problem in Reference 1.

The Kronecker delta function is
S = lifi=] 1)
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The permutation function epsilon can be expressed as the determinant of a matrix filled with Kronecker
delta terms.
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Now compute €jnme jpq-
Note that the determinant of a matrix is equal to the determinant of its transposed matrix so that
AllBl=|AT|B|-| ATB]| 3)

where A and B are both 3x3 matrices.

Thus

o1 di2 O3 || 61 dp Oq
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€inm¢€ jpq

0i16j1 +8i20j2 +9i30j3 0i18p1 +8i28p2 +8i30p3 0i16q1 +8i28q2 +8i3043
=| On18j1 +0n28j2 +6n38j3  On1dp1 +0n20p2 +0n30p3  On1dqr +9n20q2 +0n39q3
OmiSj1 +Om208j2 +0m3dj3 dmdp1 +Om20p2 +Om3dp3  Smidq1 +Om28q2 +Om3dq3
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€inmEjpg =|Onj Onp Ong (6)
8inm8qu = Sijsnpqu +8ip8nq8mj +8iq8nj8mp (7)
Now let j=i.
€inm€ipg = 9ii%npOmq * OipOngOmi +BigOnidmp ®)
_Siismpan _Sipanismq _SiqsnpSmi
Note that
5“ =3 (9)
By substitution,
EinmEipq = 38np8mq +8mpSng + OngOmp (10)



€inm€ipg = 8np8mq _Smpgnq

(11)
Now let p =n.
€inm€ing = 8nnqu _Smnan (12)
€inm€ing = 3%mq —9mgq (13)
€inm€ing = 20mq (14)
Now let g=m, since quz 0 for m=q.
€inm€inm = 28mm =6 (15)
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