MER 445 SOFT TISSUE MECHANICS SUMMATION CONVENTION PROBLEMS

PROBLEM: Show that the numerical values of the following expressions in indicial notation are as given:
(@) 0,0, =3, (b) 5,8, =0, (c) ;e =6 and (d) e, o, =0. The ranges on all indices are 1, 2, 3. Use the
summation convention and the definition of the Kronecker delta

0 ifiz]j
oy = e
ol ifi=j

and the permutation symbol

1  for positive permutations
ey =10 ifanytwo indices are equal
-1 for negative permutations

where ijk, jki and kij are positive and ikj, kji and jik are negative permutations of indices.

SOLUTION
(a) The indices i and j are repeated; sum on i first, then on j.

0;0; = 010, + 0,0, + 03,0
= 511511 + 512512 + 513613 + 521521 + 522522 + 523523 + 531531 + 532532 + 533533

=()1)+(0)(0)+(0)(0)+(0)(0)+(2)(2) +(0)(0)+(0)(0) +(0)(0) +(L)(2)

=3
(b) The indices i and j are repeated; sum on i first, then on j.

5ije'jk = 51je1jk +52j92jk +53jesjk

i
0 0 0 0 0 0 0 0 0
= 511% + 12 e12k + 13 e13k + 21 e22Lk + 522% + 23 e23k + 31 e31k + 32 e32k + 533%

=0
(c) The indices i, j and k are repeated; sum on i first, then on j and finally on k.
eijkeijk = ljkeljk +e2jke2jk +esjk63jk
0 0 0 0 0 0
:% % * €1k Crok T €13 Crak + €21 +% % T €3k €0ak T €131 T €3 Cani +% %
0 0 0 0 0 0 0 0 0 0 0 0
=84 B4 T84 86 teufust S 86 ‘el t 8K SG T84 B4 84 S teuu
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(d) The indices j and k are repeated; sum on j first and then on k.

€ikO ik = GO T € O + €505
0

0 0
= 61 01 T 61,01, 1613013 16,0, + 67, Oy + €530, + €505 165,05, + 643 O3,
= €107, 1 €13013 1 €510 + €303 +€3,05 + 65,05,

Since o, is symmetric such that o, = o

CikO i = (ei12 + eiz1)o'12 + (ei13 + ei31)0-13 +(ei23 + eisz)o'zs

Wheni=1

e =(8”" + 5o +(5” + 5 )58+ 5o =0
Wheni=2

ewcr=(sa” 5" ou+(s5 "+ 54 Yo+ (5" + 5 ) =0
Wheni=3

ooy (8 +oa o+ (st + 8l |out(s +8d)om =0

Therefore, e; o, =0.



